











make a hydrogen bond with the 5126 residue of FoyRlla {53,
88 Parthermore, such interaction may be strengthened by a
ing water molecnle present in an unbound PoyRI crystal
Howev or, this dual mutant showed 10-fold reduced
oyR1 binding and 1o binding to both PoyRIf and Clg proteins.
The inability of aglycosviated mAbs to bind with Clq and thus
activate (;D(; can limit their appiication in ireating hospital
acquired microblal infections among cancer patients where
complement activity plays an important wk X
in ancther major brealthr rough, bacterial disp
was used fo isolate Fo variants displaying increased binding and
specificity to FoyRI {83}, One such aglveosylated variant called
“HeR” (B3¢ 2\,ui 4281 was incorporated into trastuzumab. The
trastuzumab-Fod variant bound selectively to the FeyRI with

nanomelar range athnity and promoted menec
dritic cell-dependent lysis of SkBr3 breast cancer ce:iq that over-
express HerZ (63). The three-dimensional structure of human
aglveosylated K ‘conmrmationai
H 5 compared to the

lay and PACS
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re-derived den-

domain Q‘H—Zg{‘ﬁts a f""{‘a*f‘l‘

<
Hlexibility of the CH2-CH3 domain interface” a
glycosvlated counterpsrt {83}, Additional mutations {Q293R/
L32B3W/A3IQV/P3I3IV/I332Y}Y in =‘a‘s{vzu-”n--‘~b—}'c5 variant
{ ed the affinity for FoyRE by ~120-fold and retained
pH-dependent FoBn binding and function {84 Other mutants
were alse reported with specific binding to FovRI and without
compromising the pH-dependent Pclu binding (33).

It is worth mentioning that removal of appended g ai CALS,
though does not affect [glEs solubility, binding affinities to
and i vive hali-life but often compromises IgG related CDC,
lowers its thermostability and increases its aggregation at the low
pH (a3

Fo ENGINEERING-BASED mAbs UNDER
CLINICAL TRIALS

maAbs harboring various modifica
region are belog invesiigated in different clinical prial
{sce Table 2 for Fo engineering-based yuAbs being tested in
clinies). These molecnles broadly fll into three categories (1)
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A number of fions in the Be

stages

inflammatory diseases, and {3) new class of aglycosylated mAbs
with either inert or active-imumune function.

The Fe capable of inducing enhanced ADCC are
being tested in many antibody candidates. Anti-CD37 antibody
{BIR36326; Bochringer) against B cell malignancies is currently
uader phase-1 trial for the treatment of chronic ymphocytic
feukemia {CLL} {8, 88, §9). This 1s a mouse- 11,&‘11&”1 chimeric

antibody, which targets tetraspanin CD37 and shows high proa-
poptotic activity against malignant B cells via enhanced ADCC,
Using human CD37 tr-ﬁmgenic mice, a single dose of BI836826
was dcnu nstrate d o 1 er p-kml B cells ¢
ci in Ramos mouse mode] of
human "> lii mp”iom e, therapeutic efficacy
"f a surrogate Fe-engineered nt}budy agatnst macaque CD37
has also been demonstrated in cynomelgas monkey (88). A fully
humanized anti-CI 23 antibody (INJ-56022473; fanssen R & D)
targeting overexpressed interlevlin-3 receptor a-chain is being
fested in acute myeloid leukemia patients {89-91). The Fe frag-
ment of INT-56022473 has been engineered forenbanced N& celd-
mediated A},)L.-(,, The ol tly ued wced the growth of
the patient-derived {eukenia xenogeafts in
i peripheral organs and tncreased the survival in
animaal models (91} Smilarly, 2 bumanized anti-CI¥30 antibody
{XmAbI513; Xencor) with enbanced binding to FoyRIMa isbeing
evalpated in the weatment of U138 Hodgkins lymuphom ;\}}E,,‘-
patientswhohad previoaslyreceived two or more thtuzgn 1S
it has been shown to be safely admioistered and binloghe: 31&
ive in relapsed. refraciory HL subjects aod reduces turor ina
ma} wity of patients (32, 93). Avother inferesting waolecule
antibody (Rmab5774; Xencor), which indaces pote
ed ALNCCH {‘(\{’ response against CLL {
aown o get internalized in prmary CL
R
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A8Y and effica-
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The ant
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Antibodies harboring Fo 1
imroune response are being tesed for the
matory diseases ppressive version of
antibody (XmA MST ; Xencor) binds inhibiiory ¥
~430-fold d affinity and eficiendd }

at cane suppress the

freatment of inflara-
“nh Cis
b with
9 B-cells

¢ HNINUrOS Jpre

erihance letes CD)

ivdep
{

with enhanced effector rse to treat cancer and infections  in systemic lupus erythematosss (SLE)} patients (50, 94}, The
dizeases, (2} capable of inhibiing brovmoe activation 1o treat depletion of CD197 B-cells correlates with the strong um;bmzm
TABLE 2 | Fo-enginesred antibady candidates under cfinical evaluation.
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of B-cell receptor-induced calcium mobilization among healthy

volunteers and SLE pstients {94}, The same F¢ fragment ha\ been
engineered into a humanized anti-lgh antibody (XmAbBT7I9%;
Xencor} for the treatment of allergies (93}, This antibody prevents
the binding of Igk to #s high-aifinity IgB receptor (FeeRE) that is

present on basophils and mast cells and is useful i the -mafment
~430-fold

of allergic asthma {93}, The XmAb71%5 has 5- and -
higher affinity for human igE and FoyRilb, respe -g{ivﬂly., and
therefore is effective in inhibiting IgE production and plasma cell
d'i

rentiation {
Finally, aglycosylated IgG molecules have recently been shown
o have thera apeutic properties {4 L, 63, and a few of them
are undergoing clinics! testing. An anti- CD3 antibody {TRX4;
iulc:z X} incorporating the N297A mutation suppresses pathogenic
T-cells in type- | diabetes {T1D} pat 7} and is being
evaluated in phase-3 {rials. The amibodv d gulates patho-
genic T-cells while restoring the normal act
cells and thereby inhibits antoimmune mediated T1D
It 1s widely accepted tha .pai:(u‘v*e growth hu(\r {HGE)
bindiog to receptor tyrosine binase MET aggravay
in 3 variety of cancers (98}, Therefore, an aglycosylated anti-
MET antibody -”(')u:3r§‘t=7.u-n<-i>; Roche) i
phase-3 trials to inbibit the binding of HGF fhe *reﬂing g and
gastroesophageal cancers 8, 94, This is an B coli
hamaaized, afiafty-matared ani‘ihoc{ A
thereby inhibiting HGF binding and receptor ph
HGE-dependent turaor sundels (88}, Similarly, an aglycosy Lue*‘
raAb {ALD318; Alder) fargeting 15-6 is being fested 1o phe
for a variety of diseases mc,\udmg rheuruatoid arthrit
cell fung cancer (N‘Z("} {
auiibody was develope
IL-6 i ancogenic
The mAb ALDS18 (s reporiad fo be wall tolerated in phase-1 and
-2 stadies and ameliorated NSCLC related anemia and cachexia
nother aghycosylated mab (TRX518; Tolerx) is currently
n s)iu-.sv} irialstotreat malignantmyeloma (s L0 TRXE18
scocorticotd-tndoced tumor ne
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Tregulatory cell-mediaied suppression i3
i*urtbe‘tm(n“ the eﬁictcy of TREE1S mADb in reducing tumor
burden and increased survival rates has been demonstrated iu
raoase aud non-human primate reodels (1)
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FINAL REMARKS

Crystallizable fragment engincering has made substantial pro-
gress in the identification of new muiant(s) that can eshance
effector functions and improve pharmacokinetics of mAbs for
cancer treatment. Two major notions have emerged during the
past {iecades‘ etforts. First, the ratio of uman activating E« ¥R
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efforts are still needed o improve i sbility,
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really mﬁ\pet( with s ghreosylsted peer for cancer therapy On
the nther hand, the inability of agly ‘,'c\myiated mabs to bind o Clg
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and pathologically activated { arly, aglveosylated
miabs tay have advantag dycosylated counterparts when
ouly selective activation of FoyRs is desived such as activation of
FoyRE (83} or PoyRHEa (84} to stiroudate § cel killing.
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Application No. 15/550,995
Reply to Office Action dated October 18, 2019

Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the

application:

Listing of Claims:

1. (Canceled)

2. (Currently Amended) An antibody-drug conjugate; or a pharmaceutically acceptable
salt thereof, era—selvate—ofthesalt—comprising an anti-epidermal growth factor receptor
antibody covalently linked to a cytotoxic agent via a cleavable linker, wherein the anti-
epidermal growth factor receptor antibody comprises a heavy chain and a light chain,
wherein the heavy chain has a variable region comprising CDR1, CDR2 and CDR3 having
sequences as shown in SEQ ID NOs: 5 to 7, and the light chain has a variable region
comprising CDR1, CDR2 and CDR3 having sequences as shown in SEQ ID NOs: 12 to 14.

3. (Currently Amended) The antibody-drug conjugate; or the pharmaceutically
acceptable salt thereofi-ertheselvate—of-thesalt according to claim 2, wherein FR1, FR2,
FR3, FR4 of the variable region of the heavy chain of the anti-epidermal growth factor

receptor antibody respectively comprise sequences as shown in SEQ ID NOs: 8 to 11.

4. (Currently Amended) The antibody-drug conjugate; or the pharmaceutically
acceptable salt thereofi-ertheselvate—efthe—salt according to claim 2, wherein FR1, FR2,
FR3, FR4 of the variable region of the light chain of the anti-epidermal growth factor

receptor antibody respectively comprise sequences as shown in SEQ ID NOs: 15 to 18,.

5. (Currently Amended) The antibody-drug conjugates_or the pharmaceutically
acceptable salt thereofi—er—the—selvate—ofthesalt according to claim 2, wherein the heavy

chain of the anti-epidermal growth factor receptor antibody has a constant region selected
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from the group consisting of a human IgG constant region, a human IgM constant region, a

human IgA constant region, and a human IgD constant region.

6. (Currently Amended) The antibody-drug conjugate; or the pharmaceutically
acceptable salt thereofi—ertheselvate—ofthesalt according to claim 5, wherein the IgG is
selected from the group consisting of IgG1, IgG2, IgG3 and [gG4.

7. (Currently Amended) The antibody-drug conjugate; or the pharmaceutically
acceptable salt thereof-erthe-selvate-ofthesalt according to claim 5, wherein the constant
region of the heavy chain of the anti-epidermal growth factor receptor antibody comprises
an amino acid sequence as shown in SEQ ID NO: 3, or comprises a sequence with an

identity of greater than 70%—er—greater—than—+5%—80%—85%—90%, 95%, or 99% to the
sequence as shown in SEQ ID NO: 3.

8. (Currently Amended) The antibody-drug conjugate;_or the pharmaceutically
acceptable salt thereof;—er—the—selvate—ofthe—salt according to claim 2, wherein the light
chain of the anti-epidermal growth factor receptor antibody has a constant region selected
from the group consisting of a human lambda constant region, and a human kappa constant

region.

9. (Currently Amended) The antibody-drug conjugate;_or the pharmaceutically
acceptable salt thereof—ertheselvate-ofthesalt according to claim 8, wherein the constant
region of the light chain of the anti-epidermal growth factor receptor antibody comprises an
amino acid sequence as shown in SEQ ID NO: 4, or comprises a sequence with an identity

of greater than 70%—ergreaterthan+5%—80%;85%-90%, 95%, or 99% to the sequence as
shown in SEQ ID NO: 4.

10. (Currently Amended) The antibody-drug conjugate; or the pharmaceutically
acceptable salt thereof;-erthe-solvate-efthe-salt according to claim 2, which has a structure

as shown in Formula I,
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Ab-(L-D)p
Formula |
wherein:
Ab represents the anti-epidermal growth factor receptor antibody;
L represents a cleavable linker;
D represents the cytotoxic agent;

p represents 1-9.

11. (Currently Amended) The antibody-drug conjugate; or the pharmaceutically
acceptable salt thereofi—er—the—selvate—ofthe——salt according to claim 10, wherein the
cytotoxic agent is selected from the group consisting of chemotherapeutic agents,

radioisotopes, -antibiotics, enzymes, and biologically active peptides.

12. (Currently Amended) The antibody-drug conjugate; or the pharmaceutically
acceptable salt thereofi—er—the—seolvate—of the—salt according to claim 11, wherein the
cytotoxic agent is selected from the group consisting of Monomethyl auristatin E (MMAE),
Monomethyl auristatin F (MMAF), maytansinoid alkaloids, Calicheamicin, duocarmycin

MGBA, doxorubicin, ricin, diphtheria toxin, 1131, and tumor necrosis factors.

13. (Canceled)

14. (Currently Amended) The antibody-drug conjugate; or the pharmaceutically
acceptable salt thereof;-erthe-soelvate-efthe-salt according to claim 10, wherein the linker is
selected from the group consisting of valine-citrulline (val-cit), alanine-phenylalanine (ala-
phe), N-succinimidyl 4-(2-pyridylthio)valerate (SPP), and 6-maleimidocaproyl-valine-
citrulline-p-aminobenzyloxycarbonyl (MC-vc-PAB).

15. (Currently Amended) The antibody-drug conjugate; or the pharmaceutically
acceptable salt thereof;-erthe-selvate-ofthesalt according to claim 10, which is:
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wherein; Ab represents the anti-epidermal growth factor receptor antibody, p is 1-8.

16. (Currently Amended) A composition, which comprises the antibody-drug
conjugates_or the pharmaceutically acceptable salt thereofi—er—the—selvate—ef—the—salt
according to claim 2, optionally, further comprises at least one pharmaceutically acceptable

carrier, diluent or excipient.
17.-22. (Canceled)

23. (Currently Amended) A method for treatment of a disease associated with epidermal
growth factor receptor (EGFR), comprising: administering to a subject in need a
therapeutically effective amount of the antibody-drug conjugate; or the pharmaceutically

acceptable salt thereof;-ertheselvate-of thesalt according to claim 2.

24. (Previously Presented) The method according to claim 23, wherein the disease
associated with epidermal growth factor receptor (EGFR) is a tumor associated with

overexpression of EGFR.

25. (Currently Amended) A method for inhibiting tumor angiogenesis, delaying tumor
progression, inhibiting tumor growth, or inhibiting tumor cell proliferation, comprising:
administering to a subject in need a therapeutically effective amount of the antibody-drug
conjugate; or the pharmaceutically acceptable salt thereof;-erthe-selvate-ef-the-salt according

to claim 2.

26. (Original) The method according to claim 25, wherein the tumor is selected from

colon cancer, rectal cancer, head and neck cancer, lung cancer, ovarian cancer, cervical cancer,
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bladder cancer, esophageal cancer, breast cancer, renal cancer, prostate cancer, gastric cancer,

pancreatic cancer and brain glioma.

27. (Previously presented) The method according to claim 24, wherein the tumor is a

tumor with KRAS gene mutation.

28. (Previously presented) The method according to claim 24, wherein the tumor is a

tumor with BRAF gene mutation.

29.-34. (Canceled)

35. (Previously presented) The method according to claim 26, wherein the tumor is a

tumor with KRAS gene mutation.

36. (Previously presented) The method according to claim 26, wherein the tumor is a

tumor with BRAF gene mutation.

37. (Previously Presented) The antibody-drug conjugate or the pharmaceutically acceptable
salt thereof according to claim 10, wherein the linker is 6-maleimidocaproyl-valine-citrulline-p-

aminobenzyloxycarbonyl (MC-vc-PAB).
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DETAILED ACTION
Notice of Pre-AIA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the
first inventor to file provisions of the AIA.
After review and reconsideration, the finality of the last Office action is withdrawn in
favor of the rejections below.
Claims 2-12, 14-16, 23 and 25 have been amended. Claims 2-12, 14-16, 23-28 and 35-37

are pending and under consideration.

In the event the determination of the status of the application as subject to AIA 35 U.S.C.
102 and 103 (or as subject to pre-AIA 35 U.S.C. 102 and 103) is incorrect, any correction of the
statutory basis for the rejection will not be considered a new ground of rejection if the prior art
relied upon, and the rationale supporting the rejection, would be the same under either status.

This application currently names joint inventors. In considering patentability of the
claims the examiner presumes that the subject matter of the various claims was commonly
owned as of the effective filing date of the claimed invention(s) absent any evidence to the
contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor and
effective filing dates of each claim that was not commonly owned as of the effective filing date
of the later invention in order for the examiner to consider the applicability of 35 U.S.C.

102(b)(2)(C) for any potential 35 U.S.C. 102(a)(2) prior art against the later invention.

The following is a quotation of 35 U.S.C. 103 which forms the basis for all obviousness

rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed invention is not
identically disclosed as set forth in section 102, if the differences between the claimed invention and the
prior art are such that the claimed invention as a whole would have been obvious before the effective
filing date of the claimed invention to a person having ordinary skill in the art to which the claimed
invention pertains. Patentability shall not be negated by the manner in which the invention was made.

Claims 2-12, 14-16, 23-26 and 37 are rejected under 35 U.S.C. 103 as being unpatentable
over Tikhomirov (W0O2015/000062, cited in the prior action) in view of Liu (CN103772504
reference of the IDS filed 8/14/2017), Brand et al (Cancer Biology & Therapy, 2011, Vol. 11, pp.
777-792, cited in the prior action), Chung et al (New England Journal of Medicine, 2008, Vol.
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358, pp. 1109-1117, cited in the prior action) and Doronina et al (Cancer Research, 2006, Vol.
17, pp. 114-124).

Claim 2 is drawn in part to an antibody-drug conjugate comprising an anti-EGFR
antibody covalently linked to a cytotoxic agent with a cleavable linker, wherein the anti-EGFR
antibody comprises the a heavy chain and a light chain, wherein the heavy chain variable region
comprises SEQ ID NO:5-7 as the heavy chain CDR1-3, and the light chain variable region
comprises SEQ ID NO:12-14 as the light chain CDR1-3 Claim 3 embodies the antibody
conjugate of claim 1 wherein the FR1-4 of the variable regions of the heavy chain comprises
SEQ ID NO:8-11, respectively. Claim 4 embodies the antibody conjugate of claim 1 wherein the
FR1-4 of the variable regions of the light chain comprises SEQ ID NO:15-18, respectively.
Claim 5 requires that the antibody conjugate of claim 2has a constant region selected from a
group including the constant region of human IgG. Claim 6 specifies that the IgG constant region
of claim 5 is selected from a group including IgG1. Claim 7 requires, in part, that the antibody
conjugate of claim 5 has a constant region comprising SEQ ID NO:3. Claim 8 requires in part
that the light chain of claim 2 has a constant region selected from a group including human
kappa constant region. Claim 9 requires in part that the light chain constant region of claim 7
comprises SEQ ID NO:4. Claim 10 specifies that the antibody conjugate of claim 2 has the
structure of Formula I wherein Ab is the antibody, L is the linker, D is the cytotoxic agent and p
is 1-9. Claim 11 requires that the antibody conjugate of claim 10 comprises a toxin or a
biological active peptide as the cytotoxin; claim 12 requires, in part, that the cytotoxic agent of
claim 11 is MMAE. Claim 14 requires that the linker of claim 13 is selected from a group
including 6-maleimidocaproyl (MC).

Claim 16 is drawn to a composition comprising the antibody conjugate of claim 2
optionally comprising at least one pharmaceutically acceptable carrier, diluent or excipient.

Claim 23 is drawn in part to a method for the treatment of a disease associated with
EGFR comprising administering to a subject in need thereof, a therapeutically effective amount
of the antibody conjugate of claim 2. Claim 24 requires that the disease associated with EGFR 1is
a tumor with overexpression of EGFR.

Claim 25 is drawn to a method for inhibiting tumor angiogenesis, delaying tumor
progression, inhibiting tumor growth or inhibiting tumor cell proliferation comprising

administering to a subject in need thereof a therapeutically effective amount of the antibody
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conjugate of claim 2. Claim 26 embodies the method of claim 25 wherein the tumor is selected
from colon cancer, rectal cancer, head and neck cancer, lung cancer, ovarian cancer, cervical
cancer, bladder cancer, esophageal cancer, breast cancer, renal cancer, prostate cancer, gastric
cancer, pancreatic cancer and brain glioma.

Claim 15 requires the antibody linked by means of a sulfonyl group to 6-
malimidocaprolyl-valine-citrulline-p-aminobenzyloxycarbonyl to MMAE, wherein p is 1-8.
Claim 37 requires the linker of 6-malimidocaprolyl-valine-citrulline-p-aminobenzyloxycarbonyl
in the antibody-conjugate of claim 10.

Tikhomirov et al teach method for treating a subject presenting with a tumor that
responds to treatment with a full antagonist EGFR antibody, wherein treatment therewith elicits
an EGFR antibody-mediated adverse response by keratinocytes, the improvement comprising
treating said subject with the full antagonist EGFR antibody in a form conjugated with an anti-
microtubule toxin, whereby the tumor response to treatment with conjugated antibody is
enhanced essentially without enhancing the adverse keratinocyte response to treatment, relative
to treatment with naked antibody alone (claim 19 of ‘062) thus teaching the embodiments of
instant clams 23 and 25. Tikhomirov et al teach that a preferred embodiment of the full
antagonist EGFR antibody is cetuximab, but that the invention includes other antibodies which
are not cetuximab; the preferred anti-microtubulin toxin is preferably an auristatin (page 15, lines
14-16) and the linker is preferably a non-cleavable linker and preferably non-cleavable
malimidocaproyl linkers for linking auristatins as the anti-microtubule toxin (page 14, lines 5-7)
and that conjugation of cetuximab to MMAE anti-microtubule payload by a cleavable linker
potentiates its toxicity against both normal cells and MDA-MB-468 cancer cells, whereas
conjugation via non-cleavable linker only potentiates anti-cancer activity, thus demonstrating a
favorable therapeutic selectivity (page 9, line 24 to page 10, line 3) thus teaching the
embodiments of claims 10-12 wherein the cytotoxin is MMAE, the linker linking the MMAE to
the antibody is non-cleavable and maleimidocaproyl (MC). Tikhomirov et al teach
pharmaceutical compositions comprising the EGFR immunoconjugates in a pharmaceutically
acceptable carrier, thus teaching the limitation of claim 16.

Tikhomirov et al also teach a less preferred embodiment of a cleavable linker (page 6,
lines 3-5) such as a linker incorporating valine-citrulline such as cetux-2C9-MMAE in Figure 13,

which meets the specific embodiment of cleavable linker in instant claim 13.
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Tikhomirov et al teach the that the subject presenting with EGFR+ cancer cells are
particularly EGFR+ cells having on their surface an abnormally high density of EGFR molecules
(page 18, lines 1-2) which meets the limitation of instant claim 24 requiring EGFR
overexpression. Tikhomirov et al teach the that cancers treatable by the invention include
EGFR™ colo-rectal cancer, head and neck cancer, lung cancer, ovarian cancer, cervical cancer,
bladder cancer, esophageal cancer, breast cancer, renal cancer, prostate cancer, gastric cancer,
pancreatic cancer and glioblastoma (page 18, lines 10-25) which meets the limitation of claim
26.

As noted above, Tikhomirov et al teach the preferred embodiment of cetuximab as the
anti-EGFR antibody of the invention. Tikhomirov et al do not teach an anti-EGFR having the
required CDRs, variable regions, and constant regions set forth in claims 2-8.

Brand et al teach that cetuximab, also known as C225, is the chimeric version of the
murine antibody M225 (page 781, Figure 2).

Chung et al (NEJM, 2008, Vol. 358, pp. 1109-1117) teach that among 76 cetuximab
treated subjects, 25 had hypersensitivity reactions to the drug, and that most of the subjects
having hypersensitivity reactions had pre-existing IgE antibodies to galactose-a-1,3-galactose
which is present on the Fab portion of the cetuximab heavy chain (page 1109, under the heading
of “Results”). Chung et al teach that such IgE antibodies are prevalent in the population in areas
where anaphylactic reactions to cetuximab occur (page 1110, first column, last sentence before
“Methods”). Chung et al teach that the Fab portion of the cetuximab heavy chain is glycosylated
at residue N88 with a range of sugars including galactose-a-1,3-galactose (page 1114, second
column, lines 11-15).

Liu et al teach four humanized versions of the murine M225 antibody (Translation,
pagel0, line 20 to the end of page 11) comprising a human IgG1 Fc fragment and a kappa light
chain, wherein the antibodies are termed BA03, BB03, BC03 and BDO3 (translation, page 12,
lines 1-6). Liu et al teach the sequence of the heavy chain variable region, wherein the N88
residue is in the FR3 domain of SEQ ID NO:17 (Translation, page 15, last paragraph,
CN103772504, page 11, paragraph [0083], the “N” in QSNDT) Liu et al teach the heavy chain
variable regions of BA0O3, BB03, BC03 and BD03, wherein SEQ ID NO:5 of the BAO3 heavy
chain(translation page 16, SEQ ID NO:5) comprises SEQ ID NO: 5-7 of the instant heavy chain
CDRs in addition to the framework domains FR1, FR2, FR3 and FR4 comprising SEQ ID NO:8-
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11; SEQ ID NO: 13 of the light chain of BAO3 (page 19 of the translation, SEQ ID NO:13)
comprises the instant CDRs of SEQ ID NO:12-14 and the light chain framework sequences of
the instant SEQ ID NO: 15-18.

The kappa light chain of the constant region (Translation, page 21, SEQ ID NO:43) is
identical to the instant SEQ ID NO:4:

unnamed protein product
Sequence ID: Query_215689Length: 107Number of Matches: 1

Query 1 RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALOSGNSQESVTEQD €0
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNEFYPREAKVOWKVDNALQSGNSQESVTEQD
Sbject 1 RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWKVDNALOSGNSQESVTEQD €0

Query 61 SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC 107
SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC
Sbjct el SKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSENRGEC 107

The IgG1 Fc fragment (Translation, page 21, SEQ ID NO: 42) is identical to the instant
SEQ ID NO:3

unnamed protein product
Sequence ID: Query_227965Length: 330Number of Matches: 1

Query 1 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSS 60
ASTKGPSVEFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEFPAVLOSS
Sbject 1 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSS 60

Query 61 GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG 120
GLYSLSSVVTVPSSSLGTOQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG
Sbjct el GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGG 120

Query 121 PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYN 180
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYN
Sbjct 121 PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYN 180

Query 181 STYRVVSVITVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE 240
STYRVVSV+TVLHODWLNGKEYKCKVSNKALPAPTIEKTISKAKGOPREPQVYTLPPSREE
Sbjct 181 STYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSREE 240

Query 241 MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSEFFLYSKLTVDKSRW 300
MTKNQVSLTCLVKGEFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFELYSKLTVDKSRW
Sbjct 241 MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRW 300

Query 301 QOQOGNVFSCSVMHEALHNHYTQKSLSLSPGK 330
QOGNVESCSVMHEALHNHYTQKSLSLSPGK
Sbjct 301 QQGNVFSCSVMHEALHNHYTQKSLSLSPGK 330
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Liu teaches that the BAO3 and BDO03 antibodies have higher binding affinity, stronger
ligand blocking ability and stronger inhibitory activity against surface EGFR than
Erbitux/cetuximab, and that BBO3 and BCO3 have binding affinity and ligand blocking abilities
that are similar to that of Erbitux.

Doronina et al teach that the mechanisms of drug release from an antibody conjugate
having a non-cleavable linker involves complete degradation of the antibody (pages 122-123,
bridging sentence).

Doronina et al teach that drugs released from antibody drug conjugates utilizing non-
cleavable linkers may be released in a modified form, and that many drugs loose activity as a
result of the modification (page 123, first column, lines 3-6). Doronina et al conclude that the
use of non-cleavable linkers may not be uniformly applicable for the linking of any drug to a
targeting antibody because of the inability of all drugs to retain activity when released in a
modified form (page 123, first column, lines 3-8). Doronina et al teach the antibody conjugate
cAC10-L1-MMAE conjugate having a cleavable linker and an cAC10-L4-MMAE conjugate
having a non-cleavable linker, wherein the conjugate with the cleavable linker has a potency of
over 270X that of the conjugate with the non-cleavable linker when tested on target cells in vitro
(page 120, Table 3). The LI-MMAES of Table 3 of Doronina e al meets the limitation of instant
claim 15 after conjugation with an antibody and the limitation of 6-maleimidocaproyl-valine-
citrulline-p-aminobenzyloxycarbonyl (MC-vc-PAB) in claim 14.

It would have been prima facie obvious as of the effective filing date to use the BAO3
antibody in place of cetuximab in the conjugates and methods of using the conjugates of
Tikhomirov et al. One of skill in the art would have been motivated to do so because the BA03
antibody is a full length antibody that is an antagonist of EGFR as demonstrated by Liu and has
higher binding affinity and ligand blocking abilities than cetuximab. One of skill in the art
would also be motivated to use the humanized BA0O3 antibody in place of cetuximab because the
BAO3 has humanized framework regions, and because the N88 amino acid in the chimeric 225
antibody is no longer present. Thus, one of skill in the art would know that the humanized 225
antibody of Liu BAO3 would not carry galactose-a-1,3-galactose on N88 within FR3, and the
antibody would not cause hypersensitivity reactions in subjects having pre-existing IgE

antibodies to galactose-a-1,3-galactose.
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It would have been prima facie obvious as of the effective filing date to use a cleavable
linker rather than a non-cleavable linker in cases where the linked drug loses activity as a result
of modification of the released drug such as the instant drug, MMAE, required in claim 15. .
One of skill in the art would have been motivated to do so by the teachings of Doronina et al
regarding loss of drug activity as a result of degradation of the antibody-drug conjugate resulting
in release of a modified form of the drug which is not active. One of skill in the art would have
been motivated to use the L1 linker-drug of instant claim 15 comprising the MC-vc-PAB linker
of claim 14 because conjugates comprising the L1 cleavable linker versus the L2 cleavable

linker appear to exert more potency against the target cells in vitro (Table 3, L1-MMAF versus

L2-MMAF).

Applicant argues again that because Tikhomirov et al teach that toxicities are associated
with the use of cleavable linkers in conjunction with EGFR targeting, one of skill in the art
would not be motivated to use cleavable linkers, and points specifically to statement that a non-
cleavable linker displays enhanced cytotoxicity against cancer cells without a corresponding
increase in cytotoxicity against skin cells. This has been considered but not found persuasive.
Tikhomirov et al teach that conjugation of panitumumab to the anti-microtubulin toxin, DM1,
through a non-cleavable linker does not potentiate the toxicity of the antibody to keratinocytes in
vitro (pages 28-29, Example 3). Tikhomirov et al teach conjugation of the fully antagonistic
anti-EGFR antibodies to MMAE via a cleavable linker which potentiates toxicity agonist normal
cells by the method of Doronina et al (2003) (page 30, lines 2-6). Tikhomirov et al conclude that
the anti-EGFR conjugate should comprise a non-cleavable linker (page 30, lines 6-8).

Based on the teachings of Tikhomirov et al in view of Doronina et al, one of skill in the
art would not pair the anti-tubulin MMAE with a non-cleavable linker because the MMAE
released after degradation from the antibody is modified and the cytotoxicity of the MMAE is
lost. It is noted that Erickson et al (Molecular Cancer Therapeutics, 2012, Vol. 11, pp. 1133-
1142) teach two conjugates to DM1 with non-cleavable linkers wherein the targeting antibody
was trastuzumab, wherein both conjugates were toxic against target positive breast cancer cell
lines (pages 1135-1136 under the heading Her2-positive breast carcinoma cells display high...”).
Erickson et al teach that the sole T-DM1 catabolite was lysine-Ne-MCC-DM1, and that the

corresponding lysine Ne-SPP-DM 1 catabolite was also observed along with a similarly abundant
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DM1 catabolite (pages 1136-1137, bridging paragraph). One of skill in the art would reasonably
conclude that degradation of the internalized antibody conjugated to DM1 via a non cleavable
linker produced modified DM1 that retained cytotoxic activity in contrast to MMAE which does
not. Thus one of skill in the art would not pick a non-cleavable linker with which to conjugate
MMAE, and thus applicants unexpected results with MMAE conjugates comprising cleavable
linkers versus non-cleavable linkers would have been anticipated by one of skill in the art..

With regard to toxicity against normal keratinocytes, it is noted that Tikhomirov et al
teach that the in vitro assay was done in the presence of 10% FBS. Dorywalska et al
(Bioconjugate Chemistry, February 2, 2015, Vol.26, pp. 650-659) teach that plasma from
different sources comprise a factor, which cleaves VC-PABC resulting in drug loss from the
antibody-drug conjugate (page 651, first column, lines 17-20 and page 652, second column, lines
7-10). One of skill in the art would reasonably conclude that increased toxicity observed by
Tikhomirov et al against keratinocytes in vitro on exposure to the cleavable DM 1 conjugate was
the result of exposure to untargeted DM1 rather than targeted DM1 relying on uptake by Her2

internalization.

The rejection of claims 2-12, 14-16, 23-28 and 35-37 under 35 U.S.C. 112(a) or
35 U.S.C. 112 (pre-AlA), first paragraph, as failing to comply with the enablement requirement

is withdrawn in light of applicant’s amendments.

The following is a quotation of the first paragraph of 35 U.S.C. 112(a):

(a) IN GENERAL.—The specification shall contain a written description of the invention, and
of the manner and process of making and using it, in such full, clear, concise, and exact terms as to
enable any person skilled in the art to which it pertains, or with which it is most nearly connected, to
make and use the same, and shall set forth the best mode contemplated by the inventor or joint inventor
of carrying out the invention.

The following is a quotation of the first paragraph of pre-AIA 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and
process of making and using it, in such full, clear, concise, and exact terms as to enable any person
skilled in the art to which it pertains, or with which it is most nearly connected, to make and use the
same, and shall set forth the best mode contemplated by the inventor of carrying out his invention.
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The rejection of claims 7 and 9 under 35 U.S.C. 112(a) or 35 U.S.C. 112 (pre-AlIA), first
paragraph, as failing to comply with the written description requirement is maintained for
reasons of record.

(A) Claims 7 and 9 encompass sequences having greater than 70% or greater than 75%,
80%, 85%, 90%, 95% or 99% identity to SEQ ID NO:3 or 4. The disclsoure of the single
constant regions of SEQ ID NO:3 and 4 does not provide an adequate written description of the
genus of constant regions encompassed in the claimed antibody conjugates. The specification
fails to teach the correlation between antibody constant region sequences and any particular
function attributed to the antibody constant regions. The genus of antibody heavy chain constant
regions encompassing sequences deviating by as much as 25% from the sequences of SEQ ID
NO:3 and 4 would not be expected to retain all the same functional activities as SEQ ID NO:3
and 4. Thus, the disclosed sequence of SEQ ID NO: 3 fails to adequately describe the genus of
SEQ ID NO:3 heavy chain variants, and the disclosed sequence of SEQ ID NO: 4 fails to
adequately describe the genus of SEQ ID NO:4 variants because the broadly claimed genus
includes members which differ in function from that of SEQ ID NO:4 or SEQ ID NO:3 and the
specification has not taught the portions of the sequences of SEQ ID NO: 3 and 4 which are
necessary for a particular function of the constant regions. One of skill in the art would
reasonably conclude that applicant was not in possession of the claimed genus at the time of

filing.

Applicant argues that it is not necessary to spell out every detail of the invention , and
that only enough must be included to convince a person of skill in the art that the invention had
possession of the invention. Applicant argues that the structure function correlation of constant
regions of antibody light chain and heavy chains are well known in the art, and has enclosed the
article of Sexena and Wu to demonstrate. This has been considered but not found persuasive.
Claim 7 requires that the heavy chain of the instant antibody comprises the CDR sequences of
claim 2 and wherein the remaining antibody sequence outside of the CDR sequences can vary by
as much as 10%. Applicant has not demonstrated possession of such variants. Considering
Table 1 of Sexena and Wu it is noted that the IgG1 with the greatest number of mutations is Hu-
IgG1-Aglyco (last entry) having 5 substitutions in the Fc. The instant antibody heavy chain
constant region of SEQ ID NO:3 has 330 residues. Substitution of 10% of these residues would
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be substitution at 33 positions. The instant antibody light chain constant region of SEQ ID NO:4
has 107 residues. Substitution of 10% of these residues would be substitution at 10 positions.
Thus, the art does not support applicant allegation that because the CDR residues are conserved
in the variants up to 10% are within knowledge of the art such that an exact description need not

be made of the antibody sequences that are encompassed by claims 7 and 9.

All other rejections as set forth or maintained in the prior Office action are withdrawn in

light of applicant’s amendments.

Allowable Subject Matter
Claims 27, 28, 35 and 36 are objected to as being dependent upon a rejected base claim,
but would be allowable if rewritten in independent form including all of the limitations of the

base claim and any intervening claims.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KAREN A CANELLA whose telephone number is (571)272-
0828. The examiner can normally be reached on M-F 10-6:30.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Misook Yu can be reached on 571-272-0839. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
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applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to
the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to
the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-
1000.

KAREN A. CANELLA
Examiner
Art Unit 1643

/Karen A. Canella/
Primary Examiner, Art Unit 1643
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The Effect of Different Linkers on Target Cell Catabolism and
Pharmacokinetics/Pharmacodynamics of Trastuzumab
Maytansinoid Conjugates

ail D. Lewis Phillips®, Douglas D. Leipold®, Carmela A. Provenzano’, Elaine Mai®,
Charlene A. Audette’, Manish Gupta®, Jan Pinkas’, and Jay Tibhitts®

Hans K. Erickson’, g
Holly A. Johnson®, Bert Gunter®,

Trastuzumab emtansine (T-DM1} is an antibody—drug conjugate consisting of the anti-HER2 antibody
T-DM1 has

shown favorable safety and efficacy in patients with HER2-positive metastatic breast cancer. In previous

trastuzumab linked via a nonreducible thicether linker to the maytansinoid antitubulin agent DM1.

animal studies, T-DM1 exhibited better pharmacokinetics (PK) and slightly more efficacy than several
disulfide-linked versions. The efficacy findings are unigue, as other disulfide-linked antibody—drug conjugates
(ADC) have shown greater efficacy than thicether-linked designs. To explore this further, the in vitro and in vive
i1 and the disulfide-linked T-5PP-DM1 were examined. Both

tivity, PK, and target cell activation of T-I)

ac
ADCs showed high in vitro potency, with T-DM1 displaying greater potency in two of four breast cancer cell

lines. In vitre target cell processing of T
NE-SPP-IIM1 and DM, respe

-DM1 and T-SPP-DM1 produced lysine-N®-MCC-DM1, and lysine-
ctively; in vivo studies confirmed these results. The in vitro processing rates for

the two conjugate to their respective catabolites were similar. I vivo, the potencies of the conjugates were

similar, and T-SPP-DM1 had a faster plasma clearance than T-DMI. Slower T-DM1 clearance translated to

higher overall tumor concentrations (conjugate plus catabolites), but unexy ~ectﬂf‘1y
catabolite. These results indicate that, although the ADC linker can have cle
chemical nature of the catabolites formed, both linkers seew

Mol Cancer Ther; 11(5); 113342, ©2012 AACR.

milar "ﬂveb of tumor
ar impact on the PK and the

to offer the same paylioad delivery to the tumor.

An increasing number of antibody—drug conjugates
(ADC) are entering clinical trials for the treatment of
cancer (1). One of the most advanced and promising,
trastuzumab emtansine {T-IDM1) has shown favorable
efficacy and safety in clinical trials for the treatment of
patients with HER2-positive metastatic breast cancer (2-
43, T-DM1 is an ADC that contains the humanized anti-
HER?2 immunoglobulin G (IgC)1 trastuzamab linked to
the mayitansinoid antitubulin agent DM1 via a2 thioether
bond. T-DM1 retains the multiy ‘1e mechanisms of action
(MOA)} described for trast-.,,zumab, (5) and conjugation
with IDM1 confers the potential for additional cell killing
activity via the delivery of potent antimitotic maytansi-
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noid catabolites to targeted cancer cells. The efficacy of
T-DM1 in patierts who progressed on HER2-directed
the*ar)ies underscores the importance of this additional
vity (2-43.

DM1 is distinct from other clinically tested maytan-

tiy
T
T-

sinoid containing ADCs by virtue of its thicether linker.
Al other such ADCs in clinical testing use disultide-based

linkers (1). The thioether linker is considered more stable
b{‘(auqo it resists chemical or enzymatic cleavage in bio-
gical >y‘;t9°nq in contrast to disulfide-based linkers
that may be cleaved following thicl-disulfide exchange
reactions. T-DM1 was found to be slightly more active in
mouse models than T-5PP-DM1 and several other disul-
fide-linked ADCs (6). This contrasts with similar studies
of other ADCs that led to the selection of disulfide-based
linkers for clinical development {7-9).

The factors determining the efficacy of an ADC include
pharmacokinetics (FPK), tumor penetration and accumu-
lation, target binding and ¢ ellular uptake, release of active
catabolic products, and potency of the catabolic products.
Previous studies have shown that the plasma concentra-
tions of thicether-linked ADDCs decrease more slowly than
those of disulfide-linked ADCs, likely due to greater linker
stability {6, 13); which may account for dlffe ences in the

{ficacy between T-DM1 and disulfide-linked analogues.
It has also been shown that other aspects of the MOA

www.aacrjournals.org

Downloaded from mict.zacrio:

AR American Association for Cancer Sesearch

urrnials.org on January 13, 2020. © 2012 American Association for Cancer Research.

1133



1134

Published OnlineFirst March 9, 2012; DOI: 10.1158/1535-7163.MCT-11-0727

Erickson et al.

(i.e., target binding, cellular uptake, and release of cata-
bolic products) may be similar for disulfide-linked and
thicether-linked ADCs (11). To develop a better under-
standing of the MOA of trastuzumab maytansinoid con-
jugates md differences in the preclinical activity between
these ADCs, we investigated the molecular basis for the
anticancer activity in in m!r" and in vive efficacy, 'K, and
qualitative and quantitative tumor catabolism studies.

RRRR

o

All experimental p"ocedureﬁ conformed to the princi-
ples of the Guide for the Care and Use of Laboratory
Animals and the American Physiological Society and
were approved by the Institutional Animal Care and Use
Committees of the respective laboratories.

Cell lines and reagents
The SK-BR-3 and BT-474 breast carcinoma cell lines
were obtained from The American Type Culture Collec-
tion and used within 2 months of receipt. The BT-474EEI
frastuzumab-resistant breast carcinoma cell line was
derived at Genentech (6} by subcultwi*\g tumors derived
from a BT-474 variant line (courtesy of Dr. fose Baselga).
BT-474EE! tumors express approximately 0.25 x 10° HER2
receplors per fumor cel 1l and are insensitive to frastuzu-
mab. MCF7-nes/HERZs are HER2-transfected cells made
at Genentech. Cells were cultured in RPMI medium sup-
plemented with 10% heat-inactivated FBS. M Cf*/—ﬂer\/
HER2, BT-474, and BT-474 in vive-selected variant (Base-
lga) were genotyped and authenticated using Illumina
Golden Gate single-nucleotide polymorphism testing.
Although the parent cells of the BT-474EEI cells (BT-474
Baselga var Hnﬂ were genoﬁypuﬂ as BT-474, the resulting
cells (BED after in vive selection have not been authenti-
cated at thl‘- point. Porapak extraction cartridges were
obfained from Waters. Ultima Gold scintillation fluid
was obtained from PerkinElmer. N-ethylmaleimide
(NEM) and all other chemicals were obtained from
Sigma-Aldrich. The 10 mm C-18 column (0.46 x 25 omy;
Vydak} was obtained from the Nest Group. The ULTRA-
TURRAX T8 dispersing instrument with an S8N dispers-
ing tool was obtained from IKA Works Inc. Trastuzumab
and the humanized antiglycoprotein D (g control
antibody, 586, were prepared at Genentech. Antibody-
[gﬁ]maytansinoid conjugates were prepared at Immuno-
Gen, Inc., as described previously (12). The ratio of linked
[ﬁ-ﬂmaytansimsid per antibody molecule (MAR) for
ach conjugate was as follows: T-SPP-PHIDMIT (3.2),
SPHIDM (4.0), 3B6-SPP-PPHIDMI (3.5) [SPP = N-succi-
J‘udyi 4-(2-pyridyldithi o) pentanoatel, and hubB6-MCC-
PHIDM1 (3.6) [SMCC = ,Nfsuccmxmidy] 4-(N-maleimido-
methyDoyclohexane-1 carboxylatel. Unlabeled antibody-
maytar conjugates with similar MAR values were
prepared at Genentech.

s

<
T
H

sinoid

Clonogenic assays
Cells were plated at low density (100 cells per well for
SK-BR-3, MCF7-neo/HER2, and BT-474EEL 200 cells per

well for BT-474) in Ham's F-12:20MEM (50:50) + 10% £BS
+ 2 mmol/L t-glutamine and allowed to adhere over-
night. Conjugates were added the next day and the cells

incubtated unh] colony formation was determined to be
maximal. The medlu*n was removed and the colonies
stained with crystal violet dye (0.5% in methanol). Colo-
nies were quantified witha Gcli “ouni (Oxford Optronix).

In vitvo catabolism studies

A stable tritium label was incorporated into the C-20
methoxy group of the DM1 used to prepare the SH—iabeied
conjugates as described previously (12). HERZ-dependent
processing of the “H-labeled conjugates was investigated
in HER2-overexpressing BT-474EElL MCF/-neo/HER?,
and SK-BR-3. Cells were plated in flat bottom T-75 cell
culture flasks in cell culture medium and grown to a
density of approximately 107 cells per flask. The medium
was exchanged with 10 mi of RPMI containing 10% FBS
and 20 to 40 nmol/L of T-PHIDM1T or 1‘—81‘[’—[ ‘HIDM1L.
The cells were placed on ice for 2 to 3 hours or for 30
minutes at 37°C with 6% COs,. The treated cells were then
Wash(‘c‘ 3 times with fresh medium and incubated at 37°C

vith 6% CO, with 10 mL fresh culture medium for 3 to 24
hOULb. The spent medinm was separated and cells were
harvested at selected time intervals and analyzed for
catabolites fc H(swmg acetone extraction as described pre-
viously (11, 12}. The precipitates from the acetone extrac-
tHons were sombihzed and analyzed for fritium by liquid
scintillation counting {L5C) to assess the level of protein-
bound maytansinoid associated with the cell pellet, pre-
sumed to be nonmetabolized conjugate or DM 1 still linked
to large protein fragments.

Maytansinoid catabolites were isolated from the medi-
wm bv solid phase extraction followed by reversed-phase
}HUI\-“T{‘QS ure liquid chromatography (HPLC). Media
satr‘pk‘s were applied to 6 mL pwragak cartridges equil-
ibrated with 3 mL acetone and then with 3 mL water. The
cartridges were washed with 4 mlL water and the may-
tansinoids eluted with 4 ml. acetone. The eluates were

evaporated and analyzed by reversed-phase HPLC and
L5C as described for exiracts containing the cell catabolites.

Cell volume measurements

Cell volumes were calculated from average cell dia-
meters as measured by a cell viability analyzer (Beckman
Coulter). Cell volumes for the SK-BR-3, BT-474EEIl, and
MCF7 /nec-HERZ cells were 3823, 3955, and 3648 ;J,mS,
respectively.

Animals

Female beige nude XIDD mice (Charles Rivers Labora-
tory) were used for all in vivo studies. Mice were housed in
a clean barrier facility in standard rodent microisolator
cages.

In vive efficacy studies
To allow comparison of results obtained i vitro and
i vivo, a mouse xenograft model was selected that
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was suitable for both systems. Previously, the founder
5 (Fod) mouse allo ransplant model was used {for
in vive comparisons of maytansinoid ADC efficacy (6).
However, this model was not suitable for these studies
as it cannot be cultured in wvifro. Thus, the BT-474EE]
xenograft model, suitable for in vifro and in vivo investiga-
tions, was chosen (13). BT-474FEF cells 2 x 107 were
injected into the mammary fat pad of beige nude XID
niice, and tumors were grown to approximately 250 m .
Animals were then randomized into 9 groups (7 = 10 per
group) and treated with a single iv. bolus dose of 3
to 18 mg/kg (~60-360 ug/kg based on DM1 dose) of the
conjugates. Tumors were measured with calipers
twice weekly for 24 days following dosing, and then
weekly for 120 days or until tumors reached a volume of
3,000 mm®. Tumor volumes were determined with the
formula: Tumor volume (um) = (longer diameter x
shorter diameter)” x (.5.

In vivo catabolism studies

Mice-bearing BT-474EEl tumors {as described above)
were randomized inte 2 groups (n = 15 per group)
and treated with a single 300 pg/kg iv. bolus dose of
T-PHIDM1T or T-SPP-IPHIDMI (doses based on TIM1,
equivalent to 10-12 mg/kg antibody}. Three mice per
group were sacrificed after 8 hours and 1, 2, 4, and
7 days. bmmediately following sacrifice, the systemic
circulation was flushed by injecting 5.0 mL PBS into
the left veniricle and draining through an incision in the
inferior vena cava. Whole tumor tissues were collected
and frozen at —80°C. Two control groups of mice (17 =
3 per group) were freated with matching doses of
nontargeting 5B6-MCC-PHIDM1 or 5B6-SPP-[PHIDM1
conjugates and sacrificed after 2 days. Tumors were
homogenized and analyzed for total radioactivity by
solubilization and LSC, and mavytar id catabolites
by HPLC and LSC as described previously. To defer-
mine the amount of protein-free maytansinoid catabo-
lites present in the tumors, the tumor hom(:-genates
were extracted with organic solvent and analyzed as
described previously (12).

Analytic methods

All maytansinoids were separated on an analytic C-18
column equilibrated with 20% aqueous acetonitrile
{CHACNS containing 0.023% trifluoroacetic acid and
using a linear gradient of 2% CHaCN min ™ and a flow
rate of 1 mL-min ", The effluent was collected in 6 mL
polypropylene scintillation vials {1 ml fractions). Counts
per minute ({CPM) of tritium associated with each frac-
tion were determined by mixing each vial with 4 mL
Nitima Gold liquid scintillation cocktail before counting
or 5 minutes in a Tri-Carb 29007 liquid scintillation
counter {Packard BioScdence).

The identities of the catabolites were confirmed by
liquid chromatography mass spectrometry by methods
similar to those described previously (11).

P

3

Pharmacokinetic studies

Animals (7 = 20 per group) were administered a 3
mg/kg iv. bolus dose of T-DM1 or T-SFP-DMI. At
selected intervals up to 42 days following dosing, bleod
samples were collected on a rotational basis, with 17 = 4
animals per time point. Blood samples were processed for
plasma by centrifugation and plasma decanted to poly-
propylene collection tubes. Samples were stored at —60°C
to -80°C until analysis.

ADC plasma concentration analysis

Plasma ADC concentrations were determined with an
ELISA that measured any trastuzumab antibody contain-
ing one or more conjugated DM1 molecules. An anti-DM1
monoclonal antibody was coated on ELISA plates. Cap-
tured ADC was detected with biotinylated HER2 exira-
cellular domain (HERZ ECD)} followed by streptavidin-
horseradish peroxidase. The limit of quantitation (LOQ}
was 1.6 ng/mL Total trastuzumab concenirations were
determined as described previously {6) using an ELISA
that measured any trastuzumab antibedy. In brief, HER2
ECD was coated on ELISA plates. Captured total trastu-
zumab was detected with goat-anti-human IgG-horserad-
ish peroxidase. The LOQ was 1.6 ng/mL.

Pharmacokinetic analysis

The PK analysis of plasma ADC ELISA concentration—
time data was conducted using a naive pocl approach
with individual data from all animals. Data were fit to a
Z-compartmental model with iv. bolus input, first
order elimination, and macro rate constants (Model 8,
WinMonlin Pro, v.5.2.1; Pharsight Corporation). Mominal
sample collection times and dose concentrations were
used in the data analysis.

i

Exposure response

In wive response was assessed by calculating the mean
tumor volume for each animal up to day 38 following
dosing. The mean tumor volume is a sum of the measured
tumor volumes in an individual animal from days § to 38,
divided by the number of sampling times. Day 38 was
chosen to allow for the observation of full ADC response
without substantial tumor regrowth. Evaluation of other
time points did not atfect the results {data not shown). To
show exposure response, the individual animal mean
tumeor volume value for each dose group was plotted
against the estimated plasma ADC exposure [area under
the curve (AUC] for that dose group.

sensitivity to T-DM1 and T-SPP-DBMI

The cytotoxic potencies of T-DM1 and T-SPP-DM1 and
the matching nonbinding conjugates were compared in
the trastuzumab-sensitive breast cancer cell lines SK-BR-3
and BT-474, and the trastuzumab-insensitive breast can-
cer cell lines BT-474EEl and MCF7-neo/HERZ using a
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clonogenic assay (Fig. 1). Both trastuzumab conjugates
were found to be potent inhibitors of colony formation in
the HERZ-positive cell lines, whereas the nontargeting
rmﬁ}uuams displaved little cvtofux;mtv The chemical

ture of the linker had little influence on the cytotoxicity
of trastuzumab-DM1 conjugates towa 'rd BT-474 (Fig. 1A}
and SK-BR-3 cells (Fig. 117) consistent with an earlie
report (6). However, the T-DDM1 was more cytotoxic {haﬂ
T-SPP-DM1 toward BT-474EET (Fig. 1C) and MCF7-neo/
HER? cells (Fig. 1D},

T-DM1 and T-SPP-DM1 display similar efficacy in
wmice bearing trastuzumab-insensitive BT-474FE]
bumors

Th g

antitumor activity associated with T-DM1 and T-
SF‘P-DM 1 in mice bearing the BT-474EEI tumors is shown
in Fig. 2A. Following treatment with trastuzumab con-
jugates, tumor volume def'reﬁsed i*\ proportion to dose
with maximum respornse at 18 mg /kg of either conjugate.
Tumor regression reached its maximum apprommntely
10 to 21 d ays after dosing with subsequent stasis or
regrowth. The exposure-response relationship for T-DM1
and T-5PP-DM1 was similar (Fig. 2B).

3 [ICs; values mg/m_].hn.my

FPharmacokinetics of T-DM1 and T-SPP-DM1

The PK of T-DM1 and T-SPP-DM1 are shown
in Fig. 3 and Supplementary Table 51. Total trastuzu-
mab {Tab) PK were similar for both conjugates (Sup-
plementary Table 51), indicating that conjugation
with the respective linker-DM1 did not differentially
affect the antibody PK behavior. T-SPP-DM1 ADC
concentrations dccroas;d more rapidly than T-DMI,
with T-SPP-DM]I exhibiting a faster clearance (40.1 &
1.87 vs. 18.9 4+ 0.29 mL/d/kg) and shorter terminal
half-life (2.69 + 0.087 vs. 5.72 4 0.150 days}, consistent
with a previous report (6). Central compariment vol-
ume of distribution was similar between the conju-
gates, as expected, based on the general similarity in
their structure.

Characterization of maytansinoid catabeolites
following in vitro exposure of breast cancey cells
to T-DM1 and T-$PP-DM1
The radiochromatograms in Fig. 4A show the cata-
bolites of T-IPHIDM1 and TST‘P PHIDM1 fuﬂowmg
treatment of the BT-474EEl cells. The scle T-PHIDM?I
catabolite at each time point was found to be lysine-
N MCC-PFHIDM1. The corr esponding iysine—i‘\"a—SPP—
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gy A, efficacy of
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overlaid. The herizontal line is the
median of the 10 animal mean

volumes in each group; the ends of
the box range from the 3rd 1o 7th
highest of the 10 means. This
interquartiie range (QR} is an outlier
resistant astimate of the variability of
sach group of mean volumes. The
dashed whiskers extend 1.5 IQR's
from the ends of the box, denoting a
Gaussian distribution-based
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e whish

estimate of stz
Values beyond

PHIDM1 catabolite of T-SPP-PHIDM1 was observed
along with a similarly abundant DM1 catabolite. The
DM1 catabolite was alkylated at its free sulfhydryl
group by NEM in the suspension buffer before extrac-
tion and thus was detected as its NEM adduct in the
radiograms. No maytansinoid catabolites (<0.1 pmol/
10° cells) were detected in the acetone extracts of the
spent medium samples indicating that little, if any,
efflux of maytansinoids from the cells had occcurred
over the 24-hour assay.

The catabolism rates of trastuzumab conjugates

following exposure t¢ BT-474EEL cells are similay
The radioactivity associated with the maytansinoid

catabolites in acetone extracts (Fig. 4A} and precipitates

from the acetone extractions were converted to pmol/cell
and nmol/L and plotted versus time (Fig. 4B). Of partic-
ulat interest for understanding the antimitotic activify of
T-DM1 is the concentration of its maytansinoid catabolites
in the cytoplasm of the targeted cells. The molar values for
the catabolites in Fig. 4B may not accurately reflect their
cytoplasmic concentrations if they accumulate in subcel-
lular compariments such as lysosomes. However, previ-
ous studies with anti-CanAg maytansiotd conjugates sim-
ilar to those described here suggest that maytansinoid
catabolites are retained by targeted cells through binding
to their cytoplasmic tubulin target (11). Therefore, the
molar values in Fig. 4 likely approximate the true cyto-
plasmic values. The amount of maytansinoids in the
precipitates (representing intact conjugates and any
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potential protein fragments) was found to decrease at

approximately the same rate for both conjugates. This

100 \\;gzggx; ZanC decreasebwahs ma tchec‘f by a corresponding in crease in th‘e
—T.OM Tab maytér\sm(n(‘i $atab(>htszs in i’hfz exi’racts,'rszgacnmg mam’-‘-

g 101 ~r T-DM1 ADC mal mtraceh’mar m.aytam;{nm?{ concentrations of 20\_}

£ — nmol/L and 300 nmol/L after 24 hours for cells treated
2] AN with T-5PP-DM1 and T-DMI1, respectively. In separate

é 3 RN N~ experiments, the total maytansinoids associated with the

% 0.1 4 \-)\\ ~ \f extract and the precipitate for each time point were equiv-

8 3 N alent to the amount of conjugate bound at t = 0 (data not

é 0.01 1 \-\\\\\\M‘ shown) indicating that all maytansinoid catabolites had

] ) been accounted for (upper curves, Fig. 4B). Approximate-

0,007 Ao e T o P T T S T T T T T T T T T ly 30% more T-DM1 was bound to cells after the incuba-

0 5 10 15 20 25 30 35 40 tion and wash steps than T-6PP-DM1. This, coupled with

Time (day) a higher MAR for T-DM1 compared with T-8PP-DM1 (4.6

vs. 3.2} accounts for the higher maytansinoid values

Sigwwe & Plasma pharmacokinetics in nontumor-bearing mice. associated with cells treated with T-DM1 (Fig. 4B, a and
Mean {+ SD} ADC and Tab concentrations following iv. b). The catabolite levels for the conjugates were divided by
bolus administration of 3 mg/kg of trastuzurmab-DM1 the total maytansinoids in the sample (acetone pellet +
Conjugates. extract ~ conjugate bound at f = ) to determine the
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Flgwe 4 Activation of trastuzumab-DM1 conjugates in HERZ-positive breast carcinoma cells. A, HPLC radiograms of the target cell

s following exposure of BT474EE! cells to T--{BH]DM‘: and T-SPP-PHIDM1. Cells were harvested at the icated time paints and
yzed for maytansi . The chromatograms show the fraction number {x-axis) and the TPM {y-axis). B, rates for the catabolism of
conjugates. Paneis a and b show the concentration of maytansineid catabolites of T-DM1 (g} and T-SPP-DM1 (b} formed within cells over time.
Concentrations were calculated from the ragioactivities in A and plotted versus time. A total of 1 pmol/10° calls is equivalent to 253 nmal/L. The
ty associated with the
acetone precipitates. A&, total maytansinoid levels. Pane! ¢ shows the percentage of the conjugates processed at each time. The processing of T-
DMt ({3 and T-SPP-DM1 (o} was calculated from a and b by dividing the catabolites of each conjugate formed at each time by the cerresponding
total maytansinoid levels.
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fraction of the conjugates processed to the observed cat-

abolites and raplot‘ed in Fig. 4B, ¢. The rates of formation

of catabolites from the 2 conjugates are similar when so

normalized. HERZ-mediated processing of these conju-
S

’

gates is similar in other breast carcinoma lines (Supple-
mentary Fig. 513.

Catabolism of trastuzumab conjugates within tumor
tissue

The concentration of the conjugates in plasma (based
on DM1} was calculated from the plasma radioactivity
and shown in Fig. 5A. The concentration of T-DM1 after
7 days is about 3-fold greater than the concentration of
T-5PP-DM1 (top), consistent with the ELISA P in
nontumor-bearing mice (Fig. 3). The plasma conjugate
concentrations (ELISA) in nontumor-bearing mice
(Fig. 3) when adjusted for dose, were approximately
x2 higher than the estimated plasma conjugate
concentrations derived from the plasma radioactivity
measurements in mor bearing mice, consistent with
observations from a separate study (14). The causes of
these discrepancies are not known, but do not affect the
interpretation of this study. The plasma concentrations
of the nonbinding control conjugates after 2 d ays were
E} ivalent to the matched trastuzumab co onj

expected.

Ma"t(-nsmmd concentrations in the tumors of mice
reated with frastuziimab conjugates were found to reach
a maximum level at about 1 to 2 days with peak concen-

ugates, as

trations of approximately 700 nmol/ L (equivalent to 9%
D/ g or 500 nmol/L, (equivalent to 7% IU/ ghior T- DI‘ Al
or T-5PP-DMI, respectively, followed b‘/ a gradual
decline (Fig. 5A, rmddk,, The 7 day A‘_,C for the ﬁu’fal
maytansinoids in the tumors treated with T-IDM1 was
1.5- fold higher than T-5PP-DMI1.

On the basis of HPLC radiochromatograms, the cata-
bolites of the frastuzumab conjugates in fumor tissues
were identical to those identified in vibro-— \ysine»-f\v’s»-
MC ( -DM1 for T-DM1 and lysine-N*-SPP-DM1 and DM1
for T-5PP-DM1 (Fig. 5B). The concentrations of the may-
tansineid catabolites for the 2 conjugates (Fig. 5A, bottom)
were very similar despite the differences in total maytan-

sinoid levels (Fig. 5A, middle), with maximal maytansi-
noid catabolite concentration for both conjugates of
app"oximatelv 150 nmol/L

The lysine-N*-MCC- F’Mi catabolite

bserved with

T-DM1 also observed for the control 5B6-MCC-
DM1 (’()n,u;rate at substantially reduced levels (Fig.
6A}. Sir , the lysine-N*-8PP-DM1 and DM1 cata-

bolites observed for T-SPP-DM1 were also observed
for the 5B6-SPP-DM1 conjugate—again at reduced
levels. Concentrations of maytansineid catabolites of
the nontargeting conjugates were approximately 5-fold
and 3-fold lower, respectively, than the concentrations
of the catabolites of T-DM1 and T-SPP-DM1 (Fig. 6B).
These rszsu}tq sh(sw the effect of HERZ targeting on
the ma} noid  delivery of trastuzumab-DM1
njugates

WAWW. aa

ournials.org

Downloaded from mict.zacrio:

Mol Cancer Ther; 11(5) May 2012

urrnials.org on January 13, 2020. © 2012 American Association for Cancer Research.

1138



1140

Published OnlineFirst March 9, 2012; DOI: 10.1158/1535-7163.MCT-11-0727

Erickson et al.

T-DMt T-$PP-DM1
3,000 3,000
= lysine-fve. g DME-NEM
& 20m MCC-DM1 20004 | ¥
Qo g (S lysine-fe
s Py £ SPP-ON]
3 1000 S 1000
kS B
= =
55 Ot -
11215 1719 21 23 25 1193 15 17 19 21 23 25
Fraction Fraction
. 3000, 5Bs-MCC.DM1 __ 3000 5B6-5PP-DM1
= =
& a.
Q. 2000 O 2000
‘é tystne-NEMOC-DM1 E lysine-Ate
3 1000 \ S 1owf SPP-OM puainem
E ¥ = \1 M
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Mavytansinoid {nmol/L)

HER?2 dependence of
maytansinoid delivery to tumar, A,
HPLC radiograms associated with
the 2-day tumor catabalites of T-
PHIDM1, T-SPP-PHIDMT, and the
nontar g 5B6-MCC-PHIDM!1
and 5B6-SPP-CHIDMT conjugate.
The radiograms show the fraction
numoer (x-axis) and CPM of tritium
{y-axis). B, concentrations of the 2-
day tumor catabi
caiculated from the peaks of
radioactivity in the radiograms

from A.

Interest in ADCs has grown in response to the favor-
able safety and efficacy associated with T-DMI1 and
S5GN-35—the latter, an antibody-auristatin conjugate
targeting CD30-positive tumors (2, 13). Additional
ADCs are in early clinical trials and more are expected
to toliow (1, 16). Efforts to understand the molecular
basis for the anticancer activities of ADCs have inten-
sified; with studies of maytansinoid and auristatin con-
jugates providing a mechanistic basis for their clinical
activity (11, 12, 17-20).

The aims of these studies were to investigate the MOA
and anticancer activity of T-DM1 and the role of the linker
in these processes. To explore the underlying mechanisms
determining trastuzamab-maytansinoid ADC activity, in
vitro studies were conducted assessing ADC potency and
the kinetics of ADC uptake into tumor cells, and the
identity and accumulation of the catabolic products. Both
trastuzumab conjugates were highly, and similarly,
potent against HERZ-expressing cell lines {(¥Fig. 1; SK-
BR-3, BT-474}, consistent with a previous report (6). How-
ever, T-DM1 exhibited slightly greater potency in the
BT474EEY and MCF7-neo/HER2 cell lines. It is not clear
why these cell lines behave differently than the other ceil
lines tested.

fn vitro tumor cell uptake and catabolism studies
showed that the uptake and catabolism occurred at a
comparable rate for both ADCs (Fig. 4B). This finding
was expected, based on the similarity in HER2 binding
affinity of the ADCs {data not shown), and the assump-
tion that target-mediated cellular frafficking and catab-
olism of the ADCs are independent of linker type. The
half-life of cellular catabolism of the ADCs was found to
be approximately 19 hours, consistent with data
reported for "L-trastuzumal; indicating that the may-
tansinoid conjugation does not alter catabolism rate
(21). These studies also showed that lysina—l\JE—I\dCC—
DMT1 is the sole T-DM1 catabolite accumulating in the
tumor cells tested (Fig. 4A). The high in vitro activation

rate for T-IDM1 within cancer cells is consistent with its

potent cytotoxicity (Fig. 1) and is likely an important
factor in ifs antitumor activity.

To explore the i1 vifro—in vivo correfation of these find-
ings, FK, efficacy, in vioo tumor uptake, and catabolism
studies were conducted with the HER2', trastuzumab
insensitive, xenogratt tumor BT474EEL In vive tumor
catabolism data confirmed the i vitro data identifying
lysine-N™-MCC-DM1 as sole catabolic product
(Fig. 5B).

Previous nonclinical studies reported that T-DM1 dis-
plaved slightly greater etficacy than T-5PP-DM1, when
compared by dose (6). It was hypothesized that the greater
efficacy of T-DM1, which uses a thioether to link DM]1 to
theantibody, compared with T-SPP-DM1, which contains
a disulfide linker, may be related to improved PK or
differences in the tumor accumulation of active catabolic
products. The plasma clearance of T-DM1 is approximate-
ly 2 times slower than T-5PP-DM1 (Supplementary Table
51), likely due to greater stability of the thinether linker.
This results in greater plasma exposure (AUC) per unit
dose of T-DM1, but does not result in a substantive
increase in efficacy (Fig. 2A). Indeed, comparing ADC
efficacy as a function of plasma ADC exposure indic:
similar in vivo potency (Fig. 2B).

The greater exposure of T-DM1 compared with T-5PF-
DM corresponds with increased total tumor maytansi-
noid concentrations (Fig. 5A) for T-DM1, a logical sequels
based on the similarity in the factors determining tumor
uptake and binding for both ADCs. However, despite
differences in total tumor maytansinoid concenirations,
the tumor cafabolite exposure levels for the 2 conjugates
are similar (Fig. 3A). This was not expected, as the higher
total maytansinoid concentrations for T-DM1, coupled
with the more residualizing nature of its catabolic product
predicted higher catabolite concentrations for T-DM1. The
reasons for the similarity in tumor catabolite levels are
unclear. One possibility is that the primary accumulation
of conjugate in the tumor driving the subsequent HER2-
mediated catabolisin occurs within the first day or so
when the plasma concentrations for the 2 conjugates are

wes
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similar. Another possibility is that the in vive cleavage of
the disulfide-linked T-SPP-DM1 was more efficient than
T-DM1 despite similar in vifro processing rates. For exam-
ple, direct cleavage of DM from T-SPP-DM1 within
tumor tissue via thiol-disulfide exchange reactions could
increase the processing rate by complementing the lysine-
NESPP-DIM1 released via the lysosomal degradation
route.

it is postulated that the cellular catabolic products of
ADCs are responsible for their cytotoxic activity. The
ohservation of similar tumor catabolite concentrations
for T-DM1 and T-SPP-DM1 when both conjugates are
administered at the same ADC dose coupled with the
slightly greater in vitro potency of T-DM1 in BT474EE([
LeLs would predict greater efficacy for T-DM1; how-
ever, no substantive dlffer;n\ e in efficacy was observed
(¥ig. 2). This is a unique observation as, in studies with
ADCs targeting the CanAg antigen antibody maytan-
sioid conjugate, thicether-linked conjugates were less
active fthan disulfide-linked conjugates, even when
tumor catabolite concentrations for the thioether-linked
ADC were somewhat higher than those of the disul-
fide-inked ADC (12), an observation attributed to
bystander killing (11-13}. Both the disulfide-linked and
thioether L\"kgd anti-CanAg cow;ugaks were efficiently
degraded in the lysosomes of cancer cells to vield the
corresponding lyvsine-linker-maytansinoid catabolites.
For the thioether-linked conjugate, no further catabo-
lism was observed. However, the catabolites of the 2
disulfide-linked conjugates huC242-5PP-DMT and
hu(242-5PDB-DM4 were both turther processed to
vield catabolites capable of diffusing throughout tumor
tissue, thereby enhancing the activity of the disulfide-
linked conjugates through bystander killing mech
isms. Although this may also apply to the i @tu]umab
ADCs in this study, the greater in vitro potency of T-
DM1 may compensate {o: the bystander effect associ-
ated with T-SPP-DM1 to explain th e similarity in in vive
efficacy.

In summary, the studies described herein provide a
detailed understanding of mechanistic aspects of the PK,
tumor uptake, and "-ha?‘ma\oloom activity of T-DM1 and
contrast those properties with a mwore labile disulfide
linker. These studies confirm that T-DM1 and T-SPP-DM1

1. Lambert JM. Antibody-maytansinoid conjugates: a new strategy for
the treatment of cancer. Drugs Fut 2010;35:471-80.
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have potent antitumor activity in HERZ-expressing cell
lines apd show that T-DM1 is rapldl\; activated by HERZ-
positive cancer cells to lysine-N™MCC-DM1. Impro*’ed
linker stability with T-DMT1 leads to greater plasma ADC
exposure and fumor uptake of total maytansinoid than T-
5PP-DM1. Surprisingly, the increase in total tumor uptake
with T-DM1 does not translate into greater tumor
catabolite concentrations or improved efficacy, when
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T-DM1. The efficacy and tumor-targeting characteristics
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mats are effective in payload delivery and antitumor
activity
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We have previously shown that antibody—dmg conjugates (ADCs) consisting of cACIO (anti-CD30) linked to
the antimitotic agent monomethylauristatin E (MMAE) lead to potent in vitro and in vivo activities against antigen
positive tumor mod s, MMAF is a new antimitotic auristatin derivative with a charged C-terminal phenylalanine
residue that attenpuates its cytotoxic activity compared to its uncharged counterpart, MMAE, most likely due to
impaired intracellular access. In vitro cytotoxicity studies indicated that rnAb-—maleimidocaproyl-valine-citoulline-
p-arginobenzyloxycarbonyl—MMAF (mAb—L1-MMAF) conjugates were >2200-fold roore potent than free
MMAF on a large pagel of CD30 posiive hematologic cell lines. As with cACIO—LI-MMAE, the comesponding
MMAF ADC induced cures and regressions of established xenograft turaors at well tolerated doses. To further
optimize the ADC, several new linkers were generated in which various components within the LI linker were
either altered or deleted. One of the miost promising linkers contained a noncleavable maleimidocaproyl (£4)
spacer between the drug and the mAb. cAC{0—1A-MMAF was am}mximately as potent in viro as cACIG—
L1-MMAF against a large panel of cell lines and was equally potent in vivo. Importantly, cACI0—-L4—-MMAF
was tolerated at >3 times the MTD of cACIO—LI-MMAF. LCMS studies indicated that drug released from
cACI10—LA—MMAF was the cysteine—L4—MMAF adduct, which likely arises from mAb degradation within
the lysosomes of target cells, This new linker technology appears to be ideally suited for drugs that are both
relatively cell-impermeable aud tolerant of substitution with amino acids, Thus, alterations of the linker have

pronounced impacts on toxicity and lead to new ADCs with greatly improved thexapeutic indices.

INTRODUCTION

Io recemt vears, the impact that yoonoclonal astibodies
{raAbs)! have had in the clinical treatroent of cancer has been
pronounced. There are now several approved therapeutic
antibodies, including trastuzumab (Herceptin), rituximab (Rit-
uxan), cetuximab (Erbitux), and bevacizumab (Avastin}, and
many others are in late-stage development (reviewed in refs 1,

). While these agents display significant activities through mch
muhambms as antibody- depgndmt cellular cytotoxicity, comp
meti-dependent cytotoxicity, and signal tratasdu\,non? the ;)Ltl\’l-
ties are generally suboptimual, even when combined with
conventional cancer chernotherapentic agents, Cousequently,
significant attention bas turaed toward the use of mAb-based
immunocoajugates, in which the mAb carges a toxic payioad

* To whom correspondence should be addressed. E-mail: sdoronina®
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! Abbreviations: ADC, antibody —drug conjugate; cACI0~linker—
drugs o, CACIO ADC with four or eight drugs/mAb; Cif, L-citrulline;
Cys, L-cysteine; Dap, delaproine; DEPC, diethyl cyanophe :spi-x,nat
DIEA, [\/,[\/—diisopmpyk[hV‘;amim’ Dil, dolaiscleuine; DMY, dimeth-
yiformamide; DTNB, 5.5-dithio-bis{2-nitrobenzoic acid); DT'T, dithio-
threitol; Fmoc, 9-fluorenylmethoxyecarbonyl; HATU, O-(7-azabenzo-
triazol-1-yh-N, NN N -tetramethyluroninm hexafluorophosphate; HRP,
horseradish peroxidase; ICsp, dose that inhibiis cell growth by 50%:;
Li-4, linkers 14 (Table 1); MeVal, N-methyl valine: mAb, mono-
clonal antibody; MDR, mmuitidrag resistance; MMAE, monomethylau-
ristatin E; MMAY, monomethylauristatin F; MMAF-OMe, monoeme-
thylauristatin F methyl ester; MTD, maximum tolerated dose; PAB,
p-aminebenzyl; PARC, p-amnobenzyloxycarbonyl, PABOH, p-amino-
benzyl alcohol; PBS, phosphate-buftered saline; Phe, L-phenylalanine;
pNFP, p-nitrophenyl; TFA, triflucroacetic acid; Val, L-valine.

10.1021/bc0502917 CCC: $33.50

to tornor cells (reviewed in tefs 3, 4). Three such agents are
now chinically approved: ibritumomab tiuxetan (Zevaling, a >°Y
labeled anti-CD20 mAb; tositumomab (Bexxar), an 131 labeled
anii-CD20 mAb: and gemtuzumab ozogamicin (Mylotarg), an
anti-CD33—calicheamicin conjugate. The activities of these
conjugated mAbs provide validation for the concept, and a basis
for developing other such agents for cancer therapy.

The goal of targeted therapy with mAb—dmg wnjugatm is
to achieve high degrees of therapeutic activity, while sparing
normal tissues fmm chemotherapeutic damage. Towaxd this end,
several critical parameters have been identified that niust be
add"eqsed These include the barriers to mAb extravasation,

onjugate immunogenicity, widespread expression of the target

1-:1an on normal tissue, metabolism at nontarget sites, low
drug potency, and efficient release of the drug in tom"% that do
not impair activity (3—6). Consequently, the focus in many
iaboratories has been to use chimeric or humamized mAbs
against highly selective tumor-associated antigens, attached to
potent drugs through linkers that allow for efficient drug release
once the antibody—drug conjugate (ADC) has bound to the
target and bas undergone internalization. Examples of some
advanced agewts include C242-DM1 (camtuzarnab mertansine),
an anticarcinoma yaAb linked 1o a derivative of maytansine (7),
MINZ704, an anti-prostate cancer axAb attached 1o maytansine
(5}, and an anti-C22-—calicheamicin conjugate for the treatment
of B-cell lymphornas (8).

In developing highly active agents that address the issues
described for targeted therapy, we have focused considerable
attention on the drug payload, the lioker used for dmg
attachment, and the metbod by which the aafibody is modified.
This has led to the d\,velopmem of mAb-auristatin conjugates
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Figure 1. Structures of drugs and linkers.

that include a highly potent and totally syathetic drug attached
to mAb cysteine residues through a proteolytically cleavabie
lirker (3, 6, 9—72). The most advanced agent that we bave
described (1215} is cACI0—maleimidocaproyl-valine-citrul-
line-p-aminobearyloxycarhonyl-raonomethylauristatin E (cAC10-
malei;*iidocapmyi Val-Cit-PABC~MMAE, or ¢cACIO—L1—
MMAE, showxn in Figure 1). This is compused of the highly
poteat antimitotic ageat MMAE, attached to mAb—cysteines
through the L1 linker that is cleaved by intracellular proteases
such as cathepsin B. The optimal nurber of drugs/mAb was
found to be four (14), where pronounced activities at well
tolerated doses were obtained in CD30 positive hematologic
malignancies.

Here, we describe the properties of a new auristatin, MMAF,
that was designed to be mmuch more active when actively
delivered inside cells with a mAb, compared to treatment in
the untargeted form. We viewed such an approach to targeted
delivery as advantageous compared to that of drugs that have
high potency in the uuntargeted form, since any drug that is
systemically released would not be expected to contribute to
toxic side-effects. Several linker technologies were evaluated
to optimize the delivery of MMAF 1o target cells. In this report,
we demonstrate that targeted MMAF is mouch more potent than
the free drug, asd that cAC10 conjugates of MMAFE display
pronounced actvities, both ia vitro aad is vivo. In additon,
corgugates of MMAF circarovest a common form of multidrug
resistance (MIIR). The developroent of this drug, together with
the biological activines of ADCs decived from i, are described
for the first time.

EXPERIMENTAL PROCEDURES

General. Unless otherwise noted, matenials were obtaioed
frovo comunercial suppliers in the highest puxity grade available
and used without fucther purifications. Aahydrous DMFE and
CHyCL were purchased from Aldrich, N-Fmoc-L-{ring-PCel-
Pheaylalanine was obtained from Cambridge Isotope Labora-
tories, Inc. {Andover, MA). 2-Chlorotrityl chioride resin was
purchased from Advanced ChemTech and loaded with ¥N-Fmoe-

1-fring-PC¢l-phenylalanine according to manufacturer’s speci-
fications. Phenylalanine-2-chlorotrityl resin was purchased from
Novabiochem. Phenylalanine loading level of the resin was
deterrnined (0.55 mmol/grany) by extensive acylation with
Fmoc-(1 followed by spectrophotometric Fmoc-quantitation
assay. Solid-phase synthesis was performed in plastic syringes
(National Scientific Company) fitted with a filter cut out of
fritware PE medium grade porous sheet (Scienceware). Burrell
wrist action shaker (Burrell Scientific, Pittsburgh, PA) was used
for agitation. All solid-phase yields reported are based upon
the initial phenylalanine substitution level of the resin and
constitute a mass balance of isolated pure material from support,
unless otherwise stated. Fmoc-Dap was custom synthesized by
Albany Molecular Research, Inc. (Albany, NY).

HPLC assays were performed using C12 Phenomenex
Synergy MAX-RP 44, 80 A reversed- phase column, 150 < 2.0
mm. The eluent was a linear gradient of acetonitrile from 3%

0 95% in 5 mM aquecus ammonium phosphdbe pH7.0,in 10
min, then 85% acetonitrile for 10 min, flow rate 1 mb/min,
215 nm detection. Preparative HPLC purifications were per-
formed on Varian instrument equipped with C12 Phenomenex
Synergy MAX-RP 4y reversed phase column, 250 x 21.2 mm,
cluting with 0.1% TFA in a water—acetonitrile gradient. Flash
chromatography was carried out using Wbatman 60 A 230—
400 mesh ASTM silica gel.

Low resolution mass spectra (LCMS) were recorded on a
ZMD-Micromass Single Quadrupole Mass Spectrometer equipped
with an electrospray ion source (45 eV) coupled with HPMGO
HPLC system (reverse phase C12 Phenomenex colomn, 4 ¢
100 A 1<O x 2.0 mm. The cluent was a linear gradient of
acetonitrile from 5% to 95% in water in the presence of 0.1%

formic acid in 10 min, then 95% acetonitrile for 5 min, flow
rate 400 pl/min). High resolution (exact mass, HRMS) elec-
trospray ionization (ESI) data were obtained at the University
of Washington Medicinal Chernistry Mass Spectrometry Center
on a Bruker APEXI 47¢ [FTUCR)IMS. NMR data were
recorded on Varian Mercury 400 MHz Instrement. Chemical

shifts (5) are repmrtﬁd in ppm downfield from an internal solvent
peak, and J values are in hertz.
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The chimenc IgG; cACIO (16) and c¢BR9G (/7)) mAbs
recogaize the CD30 and Lewis Y antigens, respectively. The
human lymphoma cell lines Karpas 299, SUP-M2, SU-DHL-1,
SR-786, DEL, HDLM-2. 1428, KMH-2, and WSU-NHL were
obtained from the DSMZ (Braunschweig, Germany). 786-0 and
Caki-1 renal cell carcinoma and HH lvmphoma cell lines were
pu;f")asad from the ATCC {(Manassas, VA). H339¢ breast
carcinoma cells were obtained as described earlier (/16). The
parent/drug resistant cell line pair NCI-H69, NCE-H69/1.X4 were
obtained from the ECACC (Salisbury, England), and the
Hodgkin’s disease cell line L540cy has been previously
described (/8). All cell lines were grown according to the
manufacturers’ recommendations and routinely checked for
mycoplasma contamination.

Maleimidocaproyl—-MMAE (L4—-MMAE). To a solution
of MMAE (12} (72 mg, 0.1 mymol) in anhydrous CH,CL, (2
ml) 6-maleimidocaproic acid (30 mg, 0.15 mmol, 1.5 equiv)
was added followed by DEPC (36 gL, 0.2 mmol, 2 equiv) and
DIEA (55 uk., 0.3 numol, 3 equiv). The reaction mixture was
stirred at room temperature for 2 h, CHLCle (36 ml) was added,
and the miixture was washed with 10% aqueous citric acid (2
x 20 mL), water (20 mL), and brine (20 mL) and concentrated
to near dryness. Product was isolated by flash chromatography
on silica gel eluting with 5% MeOH in CH,Cl; to give a white
solid, 32 mg (35%}). Reversed- phase HPLC cmdlys,s 8%
948 min. ‘H NMR (DMSO-dg): 0 0.70—0.89 (38H, w), 0.95—
1.05 (6H, my, 1.19-1.34 (m), 1.44-1.55 (m), 1.66—1.84 (m),
1.88-2.02 (m), 2.06—2.16 (m), 2.22-2.46 (m), 2.81 (s}, 2.86
(s}, 2.90 (s}, 2.93 (5), 2.97 d) 3.01--3.08 gu), 312 (d), 3.17
(d), 3.20 ¢4y, 3.23 (dd), 3.35-3.40 (mh 3.42--3.50 (m), 3.52~
3.58 (m), 3.77 (d}, 3.93-4. (4 (), 4.37-4.54 (m), 4.59-4.64
(m), 4.70-4.78 (m), 5.36 (d), 543 ((E,7 7.01-7.02 CH, m),
TA4-731 (SH, m}, 7.65 (dy, 7.74 (d}, 7.78 (d}, 7.89-7.92 {m),
8.56-8.61 (m). HRMS (ES81) calcd for CugHgNgOo (MH)™
911.5858; found, mfz 911.5830,

Fmoc-MMAF-OMe. Fmoc-MeVal-Val-Dil (123 {0.50 ¢, 0.78
mnol) and Dap-Phe-OMe-HCL (J2) (0.30 g, 0.7% mmol) were
dissolved 10 CH2CL (5 ral) followed by the addition of DIEA
{0.30 yal., 1.7} morool, 2.2 equivy. DEPC (0.20 ruk., 1.17 miol,
.5 equivy was added next while the contewts stirred Lnd-.;r Ar.
Reaction was complete according to HPLLC aunalysis after 1 b
The mixtuee was concentrated and purified oo silica gel eluting
with a step gradient of ethyl acetate (from 30% to 100%) i
hexane to provide a white foam, 0.65 g (87%). Reversed-phase
HPLC ‘\rialyq st 95% at 16.2 min. H NMR (DMSO-dg): &
0.71—0.95 (20H, m), L.01—-1.07 GH, dd), 1.22—1.30 (m), 1.34—
1.52 (m), 1.60—1.83 (ny), 1.92—2.11 (m), 2.16—2.28 (2H, m),
231-242 (ny, 2.79-2.8% (m), 2.96—3.07 (my), 3.15-3.16 (m),
3.9 (s), 3.24 (5), 3.29 (d), 3.42—3.55 (m), 3.63 (1.5H, s), 3.60
(1.5H, s), 3.75 (U.5H, d), 3.96 ({H, m), 4.09—4.11 {m), 4.21—
4.51 (m), 4.61—4.74 (m), 7.15-7.23 (5H, m). 7.31 (2H, 1), 7.41
(GH. v, 7.62 (2H. d), 7.89 (2H, d), 8.05 (0.5H, d), 8.1} (0.5H,
d), 8.29 (0.5H. d), 851 (0.5H. d). LCMS (BESI: m/z 968.33
(MH)" (eluted at 14.84 min).

MMAF-OMe. Frnoc-MMAF-OMe (140 mg, 0.14 mmol) in
CHCly (5 ml) was treated with diethylamine (2 mL). After 2
h. the reaction was concentrated and purified by preparative
HPLC to give a TFA salt of MMAF-OMe as a white solid, 126
mg (98%). Reversed-phase HPLC analysis: 94% at 11.25
minH NMR (BMSO-dg): & 0.77 (3H, m), 0.87—1.07 (19H,
my, 1.22—1.32 (my, 1.37—-1.52 (m), 1.60—1.88 (m), 1.96—-2.12
{(ny), 2.18—2.29 (m), 2.32—2.54 (m), 2.83—2.90 (m), 2.99 (s),
3.07 (s),3.16—3.20 (m), 3.26 (s}, 3.42—3.58 (m), 3.64 (5), 3.66
(s), 3.75 (&), 3.98 {m), 4.43-4.52 (m}, 4.55-4.76 (m), 7.17—
7.58 (SH, my, 8.30 (0.5H, 4), 8.56 (058, 4), 8.83—-8.93 (3H,
m). HRMS (ESD caled for CagtlssNsOg (MH)™ 746.5068; found,
mlz 746.5037.

Doreonina et al.

Maleimidocaproyl-¥al-Cit-PABC - MMAF-OMe (L
MMAF-OMe). MMAF-OMe TFA (110 mg, 9.13 mmol, 1.0
equivy, maleimidocaproyl-Val-Cit-PAB-OCO-pNP (10 (303
mg, .14 yamol, 1.1 equiv), and 1-hydeoxybenzotaazole { HOB!:,
3.4 myg, 26 wmol, 0.2 equiv) were dissolved in pyridine (3.5
mb) and DMF (2 ;L) uader Ar. To this mixture was added
DIEA (22.5 uL., 0.13 mmol, 1.0 equiv). The resuliing solation
stirred for 3 b before more DIEA (22.5 4L} was added. After
stireing for 40 b total, the mixture was concentrated, taken up
in DMSO (2 mL). Preparative HPLC purification followed by
ptcc ipitation frora CHy C;, (2 yal.) with ether resulied 10 90 mg

52%) of white solid. Reversed-phase HPLC analysis: 95% at
9 48 min. TH NMR (DMSO-de): 9 0.72-0.94 (”‘aH n) 1.02-~
1.06 (3H, dd), 1.14-1.52 Um) 1.54-1.82 (m), 1.90—2. % {(my},
2.28--2.46 (m), 2.85 (br s}, 2.97 (5), 3.04 (s}, 3.16 (), 3.18 {3),
3.20 (5), 3.25 (s}, 3,28----3.3( (o), 3.42-3.58 (m), 3.63 (s), 3.66
(83, 3.75 (d), 3.96 (my, 4.17-4.21 (m), 423428 (), 4. ’3”
4.42 (m), 4.44-4.55 (m), 4.60—4.74 (m), 494512 (m), 6
(18, brs), 7.00 (2H, &), 7.18-7.32 (9H, m}, 7.58 (2H, m), /.81
(1H, d), 8.07-8.12 (L.5H, w}, 829 (1H, m), 8.51 (03H, 4},
10.0 (18, d). HRMS (ESD caled for CeoelioeN110Ohe (MEDT
1344.7819; found, m/z 1344.7776.

Maleimidovaproyl-PAB-OCO-pNP. To a suspension of
G-maleimidocaproic acid (1.0 g, 4.52 mmol) in CHCL (13.0
ml) was added p-aminobenzyl alcohol (PABOH, 1.11 ¢, 9.04
mmol, 2.0 equiv) apd 2-ethoxy-1-ethoxycarbonyl-1,2-dihydro-
quinoline (EEDQ, 2.24 g, 9.04 mmol, 2.0 equiv}. The reaction
mixture was stitred at ambient temperature for 16 b, and then
concentrated to near dryness. The residue was purified by flash
chromatography on silica gel, ehuting with a step gradient from
25 10100% cthyl acetate iu hexane, to give 1.38 g (96%) of
maleimidocaproyi-PABOH as a white solid. Maleiraidocaproyl-
PABOH (0.85 g, 2.6% mmoly was then activated by reaction
with bis p-nitrophenyl carbouate {2.45 g, 8.07 mmol, 3 equiv)
and DIEA (0.94 mL., 5.38 romwol, 2 equiv) in DMFEF (10 rol).
After 1 h, HPLC analysis indicated complete consumption of
starting rnaterial. Solvent was removed under reduced pressure,
and the residue was triturated with diethyl ether (5 x 20 ml)
resuliing in 1.25 g {96%) of aun off white solid. Reversed-phase
HPLC analysis: 99% at 9.98 min. 'H NMR ((‘D(‘ 3) & 1.37
Q2H, m), 1.64 2H, m), 177 2H, m), 2.37 (2H, = 7.6},
354 CH, b, J=7.2), 668 CH, 8, 737 2H, 4. J = 9 2,741
28, 4,7 =88, 757 2H, d, /= 88), 827 2, 4, J =972}

MeVal-Val-Dil-Dap-Phe-2-chlorotrityl Resin. Frooc-Dap
(450 mg, 1.1 mmol} and HATU (418 myg, 1.1 mmol, 2 equiv)
were dissolved in anhydrous DMFE (8 mlb), and DIEA (384 1,
2.2 munol, 4 equiv). The resulting solution was added to the 20
mi. syringe coutaining Phe-2-chlorotrity resin (1 g, 0.55 mmol},
Mixture was agitated for 3 h. Reaction completion was
determined by LCMS analysis of material cleaved off a small
amount of resin. The resin was filtered, washed with DMF (6
x 10 k), CHoCL (6 x 10 mb), ethyl ether (6 x 10 mb), and
dried in vacuo for 2 h. A 20% piperidine in DMF solation (5
mi.) was added to the syringe, and the mixture was agitated
for 2 b The resin was then filtered, rinsed with DME (6 x 10
mi), CHoCl (6 x 10 roll), and ethy] ether (6 = 10 ml), and
dried in vacuo. In a separate flask Fmoc-MeVal-Val-Inl
tripeptide ({2) (702 mg, 1.1 mmol} and HATU (418 mg, 1.1
romol, 2 equivy were dissolved in anbydrous DME (8 ml)
followed by the addition of DIEA (384 pl, 2.2 mamol, 4 eqaiv“
The solution was then transferred to the syringe containing the
resin, and the mixture was agitated for 3 h. LOMC analysis of
raaterial cleaved from a small arount of resin was used 1o
determine reaction completion. The resin was filtered, washed
with DMFE (6 = 10 ml), CHLCh (6 x 10 ml), aad ethyl ether
(6 x 10 mb), and dded in vacuo for 2 h. A 20% piperidine
sofotion 1a BMEF (8 mb) was added to the resin, and the mixture
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was agitated for 2 b. The resin was then filtered, washed with
DMFE (6 x 10 ;l), CHCL (6 x 10 md), and ethyl ether {6 x
10 mL), and dried in vacuo.

MMAY (MeVal-Val-Dil-Dap-Phe). ‘\/IeV al-Val-Dil- Dap-
Phe-2-chlorotrityl resin (100 mg, 0.044 numol) in a 5 mL syringe
was treated mtl" 29% TFA in CH;CL, (4 miL) for 5 nun at ambicnt
temperature. Preparative HPLC purification provided 27 mg
( 7"3%) of white solid. RC\'Lbed -phase HPLC analysis: 95% at

5.74 min. 'H NMR (DMF-4;): 8078 t3H £}, 0.90—1.15 (194,
o), 1.28—1.44 (m), 1.46—1.62 (m), 1. 00 (m), 2.03-2.12
(ny), 2.14—2.23 (m), 2.24—2.48 (m), 23\0 2.61 (m), 2.78—2.82
(m), 2.97-3.09 (my), 3.12 (s), 3.18§-3.21 (m), 3.26 (d), 3.30
{(s), 3.34 (s), 3.41-3.46 {m), 3.49 (d), 3.53—3.60 (m), 3.61—
3.69 (m), 3.72-3.78 {my), 3.93 (&), 4.10 (ZH, br &), 4.12-4.38
(1H, br), 4.64-4.92 (38, m) 7.21-7.35 (’i}i ny), 8.12 (0.5H,
dy, 8.40 (O.5H, d), 8.78-8.83 (1H, m), 9.03 (1H, br ), 9.63
{1H, br s). HRMS (ESD caled for CagHelNsOs (M) ™ 732.4011;
found, mfz 7324890,

Maleimidocapreyl-Val-Cit-PABC - MMAF (L1- ‘W\EAF)
MeVal-Val-Dil-Dap-Phe-2-chlorowrity] resin (120 mg, 0.053
wmmol) 8 a 5 ml syringe was trnatui with a <.(3]u[1(m of
makumdump{ovl -Val-Cit-PAB-OCOpMNP (313 mg, 0.42 yomol,
8 equiv), [-hydroxy-7-azabenzotriazole (HOAtL, 2 mg, 0.015
mmoi, 0.3 equiv), and DIEA (148 »L, 0.84 mmol, 16 equiv) in
DMF (4 mL) for 16 h. The resin was then filtered and washed
with DMF (6 x 3 mL), CH.Cl; (6 x 3 mL) and cthyl ether (6
x 3 mL). Cleavage from resin by treatment with 2% TFA in
CHyCL: (4 mb) for 5 min and preparative HPLC purification
of the released material generated 15 mg (21%) of white solid
that was 98% pure by reversed-phase HPLC analysis (retention
time 7.20 min).'H NMR (DMSO-dg): 8 0.75-0.95 (28H, m),
1.05 BH, 1), L.14 (my), 1.22-1.53 (m), 1.53-1.80 (m), 1.80—
240 (m), 2.80 (brs), 2.96 (d). 3.11 {s), 3.13 (5), 3.20 (s), 3.62—
370 (d)y, 3.83-3.94 (m), 4.08—4.24 (m), 42845 (m), 4.50-
4.68 (m), 4.90-5.10 (m), 5.35 (s), 396 (1H, 1), 7.02 2H, s),
708732 OH, my, 7.54 (ZH, 4), 7.80 (d), 8.04-8.12 (m),
816833 (m), 100 (IH, br ). HRMS (B8] caled for
CosHiaN1106 (MEDT 1330.7663; fouad, mfz 1330.7665.

Maleimidocaprayl-Val-Cit—MMAF (L.2-MMAF). Fmoc-
Cit (140 mg, 0.352 mmol) and Fmoc-Val (60 mg, 0.176 mmol)
were coupled sequentially to MeVal-Val-Dil-Dap-Phe-2-chlo-
rotrityl resin (200 mg, 0.088 mmol) using HATU coupling
chemistry as described above for MeVal-Val-Dhi-Dap-Phe-2-
chlorotrityl resin. Then, to the dry Val-Cit-MeVal-Val-Dil-Dap-
Phe-2-chlorotrityl resin a solution of 6-maleimidocaproic acid
N-hydroxysuccinimide ester (54 mg, 0.176 mmol) in DMF (3
ml) was added. The mixture was shaken at room temperature
for 4 hi. Cleavage from resin by treatment with 2% TFA in CHy-
Cly (4 ml) for 5 min pfovided 28 mg (27%) of white solid
after prepam" ve HPLL plm fication. Reversed-phase HPLC
amlysm 98% at 6.16 muin. ‘H NMR (DMF-d7): 5 0.69-0. 9)

(Z8H, oy, 1.01-1.06 GH, m), L.17 (m), 1 42 l‘ﬂﬁm 1.53-
} 68 (), 170228 (m), 2.28-2.46 (), 2.74--2.8%8 (m), 2.89—
3.00 (m), 3.04-3.06 (u), 3.15 nﬂ 3.8 (8), 3.24 (5), 3.40—
3.47 (m), 3.48-3.58 (m), 2.59-3.68 (m), 3.71-3.76 (d), 3.96
(ny), 4. 14 (0, 4.23 (m), 4.38—4.52 {m), 4.58—4.76 (m), 4.89
(m), 595 (m), 7.01 CH, s), 7.17-7.28 (SH, m), 7.77 {m), 7.89
(m), 7.96 (m), 8.04 (m), 8.17 (m). 8.28 (m), 8.38 (d), 847 (m).
HRMS (ESD caled for Cg()HA}'}NmOM (]\IEHY‘— 11817186, fc,und,
miz 1181.7164.

Maleimidocaproyl- PABC-MMAF (L3—-MMAF). MeVal-
¥V al-Dil-Dap-Phe-2-chlorotrityl resin (100 mg, 0.044 mmol) was
treated with a solution of maleimidocaproyl-PAB-OCO-pNP (42
mg, 0.088 mmol, 2 equiv), 1-hydroxybenzotriazole (HOBt, 1
mg, 9 umol, 0.1 equiv), and DIEA (30 ul, 0.176 amol, 4 equiv)
in DMFE (3 mL) for 16 h. The resio was then filtered and washed
with DMFEF (6 x 3 mb), CH:Ch (6 x 3 mbL), and ethyl ether (6
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x 3 ml). Cleavage from resin by treatment with 2% TFA iu
CH,Ch (4 ral) for 5 min followed by preparanive HPLC
purification provided 31 mg (66%) of white solid which was
90% pure by reversed-phase HPLC analysis (retention time 7.14
min). H NMR (DMF-dy: & 0.76—0.98 (I18H, ), 1.04 (2H,
dy, 112 3H, m), 1.25—140 (m), 1.51—-1.61 (m), 1.63—1.69
(my), £.70—1.90 (m), 1.94—2.40 (m), 1.35—2.38 (m), 2.50—2.60
(m), 2.96 (53, 3.10 (s), 3.23 (5), 3.27 (5), 3.30 (s), 3.34 (5), 3.41—
3.50 (m), 3.50—3.80 (n1), 3.90—4.20 (m), 4.33— 448 (m), 4.54—
4.62 (m), 4.63—4.77 {(m), 4.82—4.93 (ny), 5.06—5.20 (m), 7.02
(2H, 5), 7.36—7.21 (9H, m), 7.70 (2H, d), 8.11 (U 5H, d), 8.36
(0.5H, 4), 16.00 (1H, brs). HE\‘WS (EST) caled for Cs7HgaN7Oq3
(MH)' 1074.6127; found, m/z 1074.60953.

Maleimidocaproyl—MMAF (I;L&»---"‘si]‘vﬁAF‘) H-Maleimidoca-
proic acid (37 mg, 0.176 mmol, 2 equiv) and HATU (67 mg,
0.176 mmol, 2 equiv) were disso lved in aphydrous DMEF (3
mb.), followed by the addition of DIEA (62 ul., 0.35 munol, 4
e nv‘ The solution was then wansferred 1o a 5 mL syringe
containing MeVal-Val-Dil-Dap-Phe-2-clilorotrityl resin (200 rag,
0.088 mmol), and the mixture was agitated for 3 b, The resia
was filtered, washed with DMF (6 x 3 ml), C }lgﬂ; (6 x 3
mi), and ethyl ether {6 x 3 mL), and dried in vacuo. Drug—
finker was cleaved off the resin by treatment with 2% TFA in
CHoChL (4 mL) for 5 min and then purified by preparative HPLC
to give 57 mg (70%) of white solid. Reversed-phase HPLC
analysis: 98% at 6.72 min. '"H NMR (DMF-d7): 8 0.78—0.96
(18H, m), 1.04 (2H, v, 1.12 3H, m), 1.25—1.36 (m), 1.41 (2H,
d), 1.46—1.65 {m), 1.73—1.87 (m}, 1.88—2.07 (m), 2.08—2.26
(m), 2.32—2.48 (m), 2.48—2.67 (m), 2.79—2.84 (m), 2.96 (d),
3.02 (dy, 3.10 (d), 3.23 (d), 3.27 (s), 3.30 (s), 3.34 (5}, 3.45 (1),
3.532—3.61 (m}, 3.62-3.80 (m)}, 3.93 (d). 4.09-4.28 (m}), 4.54
478 (m}, 4.82-4.91 (2H, m}), 7.03 (2H, s}, 7.21-7.35- (5H,
), 7.51 (0.5H, d), 8.11 (O.5H, d), 8.36 (0.5H, d3, 8.48 (0.5H,
d), 13.0 (br 3). HRMS (EST) caled for Ciolly N0y (MED)T
925.5650; found, m/z 925.5636.

Maleimidocaproyl— [PCIMMAF (L4 [PCIMMAF ) was
prepared as described above starting from N-Frooc-L-[ring-2Cel-
phenylalanine-2-chlorotdtyl resin. LCMS (ESD): m/z 931.62
(MHE)™.

Preparation of Antibody—Drug Conjugates. The conju-
zates with eight drug molecules per antibody were prepared as
described previously (12, 19). Briefly, cBR96 or cACIO (5—
15 mg/mL) were mixed with DTT (10 mM, final) at 37 °C for
30 min, and the buffer was exchanged by elution through
Sephadex G-25 resin with FBS containing ! mmol/L diethyl-
enctriaminepentaacetic acid. PBS containing | mmol/L dieth-
ylenetriaminepentaacetic acid was added to the reduced mADb
bringing its final concentration to 2.5 mg/ml. The thiol
concentration was ~8.4 thicls/mAb as measured by Ellman’s
reagent, DTNB. A 9.5-fold molar excess of linker—drug (L1
MMAF, L1—Dox {(10), LI-MMAE (J2), or L4—~-MMAE) was
added 10 the reduced antibody at 4 °C for 1 b, and the
conjugation reaction was quenched by adding a 20-fold excess
of cysteine. The reaction roixiure was concentrated by ceatuifu-
gal ultrafilteation and buffer-exchanged through Sephadex G-25
equilibrated with PBS at 4 °C. The conjugate was then stexile
filtered through a 0.2-um filter.

cACIO antibody—drug conjugates with four drugs per
antibody were prepared by partial reduction of the mAb (74,
20) followed by reaction with desired linker—drug (L1—MMAF,
12—-MMAF, L3—MMATF, or L4A—MMAF). The antibody cAC10
(10 mg/ml) was partially reduced by addition of 3.0 molar
equivalents of DTT at pH 8.0, followed by incubation at 37 °C
for ~2 h. The reduction reaction was then chilled to ~10 °C
and the excess DTT removed via diafiltration. The thiol
concentration was deterruiged by DTNB, and the SH/AD ratio
was found to be in the range of 3,845, The linker- -drug was
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then added to a linker—drug/thiol molar ratio of ~1.15. The
comugation reaction was carried out in the presence of 15%
viv of DMSO. After conjugation, excess free cysteine {2 mol/L
cysteine per mol/L linker—drug) was added to quench unreacted
linker—drug to produce the cysteine—linker—drug adduct. The
reaction mixture was purified and buffer-exchanged into PBS
by diafiltration to obtain the partially loaded cACH0—linker—
drugy conjugate. The molar ratio of drug substitution was
determined according to previously published methods (14, 20).

Released Drug Identification. Lysosomal extracts of L540cy
cells were prepared by swelling 2.4 x 10% cells in 9 mL of
0.25 M sucrose, 1 mM EDTA, and 10 mM HEPES (4-(2-
hiydroxyethyDpiperazine-1-ethansulfonic acid), pH 7.4. After 30
ntin oa ice, cells were Dounce homogenized until >95% were
broken as measured by Trypan Blue dye exclusion. Homoge-
pates were centrifuged (3000g, 10 min, 4 °C) to pellet cellular
debris, and the supernatant (4 x 107 cell equivalents per tube)
was traosferred to polyallomar ultracentafuge tubes (13 x 51
wmm) and centrifuged (17000g, 15 yain, 4 °C) ina TLAT003
rotor 1o solate the lysosome-containing light roitochondrial
pellet. Pellets were stored at —80 °C. The pellets were thawed
and resuspended in 500 uL of 50 mM sodivm acetate pH 5.0
and 2 mM DTT. cACIO—L4-[2CIMMAF,, cACI10—-L4-[13CT-
MMAF,, and cACIO—LA-[YBCIMMAF, (50 pg/ml) were
independently added to one pellet. After three freeze/thaw cycles
to break open lysosomes, samples were incubated for 24 1y at
37 °C. Cold methanol (2 vol} was added to precipitate protein,
the samples were centrifuged at 14000g to pellet debris, and
100 u4L of supernatant was analyzed by low resolution mass
spectrometry as described above. Authentic cysteine—L4-—
MMAF was prepared by treating 100 M L4—-MMAF with 1
mM cysteine in PBS at room temperature for 10 min.

In Vitro Growth Inbibition. Log phase cultures of cells were
collected and cells plated at seeding densities ranging from 500
to 10000 cells/well according to predetermined condiions. After
incubating 24 b to allow surface protein reconstitution, sevial
dilugons of test molecules were added and cultures incubated
a further 46 days depending on cell line. Assessment of
celiular growth and data reduction to generate ICs; values was
done using Alamar Blue (Biosource International, Camarilio,
CA) dve reduction assay as previously described, according to
previously published methods ({2, 14, 15, 19). Briefly, a 40%
solution (wt/vol) of Alamar Blue was freshly prepared in
complete media just before cultures were added. Ninety-two
hours after drug exposure, Alamar Blue solution was added to
cells to constitute 10% culture volume. Cells were incubated
for 4 4, and dye reduction was measured on a Fusion HT
finorescent plate reader (Packard Instruments, Meriden, CT).

fn Vive Therapy Experiments. For the localized, subcutane-
ous disease model of anaplastic large cell lvmphoma, 5 x 10°
Karpas 299 cells were implanted into the night flanks of C.B.-
t7 SCID mice. Therapy was initiated when the tumor size in
each group of six aniroals averaged approxiraately 100 mm?.
Treatmeants consisted of a single injection of solutions of the
conjugates or controls in PBS intravenously (tail vein). Tumor
volume was determined using the formula (L x W2Y/2. For the
disseminated ALCL model, | x 10° Karpas 299 were injected
in the tail vein into C. B.-17 SCID mice. Single dose injection
reatment was performed at 9 days after tumor injection. Mice
that developed hind limb paralysis or other signs of significant
disease were euthanized in accordance with Animal Care and
Use Committee guidelines.

In Vivo Localization of Antibodies via Immunohistochem-
istry. When subcutaneous Karpas 299 tumor size reached 300
mm?, three animals per group received oue injection of 10 mg
antibody compounent/kg body weight of either ¢cACI0-LI—
MMAFE, or cBRSO—L1-MMAF; intravenously. Tumors were
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Table 1. In Vitro Cytotoxicity of Auristatins

1Cs0 (M)*

cell tine type MMAE MMAF MMAF-OMe
Karpas 289  anaplastic large cell 6.5 ite <0001

Iymphoma

3396 breast carcinoma 0.1 105 <0.00
786-0 renal cell carcinoma 2.0 257 0.01
Caki-1 enal cell carcinoma 0.7 200 <(.001

2 Cells were exposed to the drugs, and the cyiotoxic sctivities were
determined 96 h later using Alamar Blue dye conversion as a measure of
cell viability.

then removed and placed in optimal cutting temperature (OCT)
compound (Sakura Finetec, Torrence, CA), and 5 gm-thin frozen
tissue sections were stained using immunohistochemistry evalu-
ation. Briefly, frozen tissves on the slides were air-dried theu
fixed 1n 4% paraformaldehyde for 135 min at room temperature.
Endogenous peroxidase activity was blocked using 0.6% Ha(h
for 15 min. Additional blocking for endogenous biotin was done
using the Avidin—Biota Blocking kit (Vector Labs). Biotiny-
iated-anti-human-Fc and biotinylated-anti-drug antibodices (both
Seattle Genetics) were incubated on tissues at 2 ug/mb
concentration for I h at room temperature. Following incubation
of slides with avidin conjugated to HRF (Vectastatin Elite ABC
kit, Vector Labs), 3,3"-diabenzidine (DAB) was used as a
substrate for HRP. Tissues were counterstained using hema-
toxylin, slides were debydrated, and slips were applied. Images
were faken using the Zeiss Axiovert light microscope.

TUNEL Assay. Apoptosis was evaluated by TUNEL Staining
(In Sitmuy Cell Death Detection Kit, TR Red, Roche Applied
Science, Germany) according to the mamufacturer’s iastructions.
TUNEL staining was carted out on sections of frozen specimens
embedded in OCT. Labeling was visualized by Zeiss Axiovert
flaorescence mICroscopy.

RESULTS

Development of MMAF-Based Conjugates. The structure
of the antimitotic agent MMAE is shown in Figure 1. This drug
has previously displayed 1Csq values in the range of 15 nM
on hematologic cell lines (12, 75} and was designed for mAb-
hased targeted delivery vsing peptide-based Bukers appended
to the N-terminal methylvalive residue (12, 19). The syothesis
of MMAE proceeded through a solution-phase route involving
the coupling of the amino-protected N-terminal trireer to the
C-terminal dimer. Due to the convergent nature of the process,
it was possible for us to produce a large number of auristatins
with varied solubilitics, potencies, and pharmacokinetic proper-
ties. One molecule that emerged was MMAF-OMe (Figure 1),
a C-terminal phenylalanine containing auristatin that remains
one of the most potent drugs we have ever made (Table 1). We
regarded MMAF-OMe 3s a prodrug of MMAF (Figure 1), with
the potential of having facilitated intracellular uptake due 10
the presence of a aeurral C-terminus. o addition, intracellular
ester hydrolysis of MMAF-OMe should rapidly generate
MMAF, a C-teguinally charged molecule expected to have
impaired membrane transiocation capabilities. Theretfore, MMAF
was synthesized using solid-phase synthetic methodology and
as expected was much less potent than MMAE on all cell lines
tested (Table 1). In addition, the maximum tolerated dose in
mice of MMAF (> 16 mg/kg) was much higher than MMAE
(1 mg/kg). Thus, MMAT was of great interest for targeted
delivery, since the free drug bad atienvated poteacy, lower
toxicity, aad much higher aguecus sohubility compared 1o
MMAE. Facilitated intracellnlar tragsport was expectad to
sreatly ephance its activity.

Comjugates of MMAYF were produced using the maleimi-
docaproyl-Val-Cit-PABC linker (L1, Figure 1) as described
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Table 2. In Vitro Cytotexicity of cACI0—-MMAF ADCs and Free MMAF on a Panef of CD30" and CD36~ Celf Lines

ICs0 (MM

cell line tumor type cACIO-LI-MMAF, cACIO—-L4—-MMAF, MMAF
Karpas 299 anaplastic large cell lymphoma 0.057 0.059 119
SUP-M2 anaplastic lar, ge cell lymphoma 0.023 0.024 9.7
SU-DHLE-] anaplas | lymphoma 0.007 0.045 347
SR-786 anaplastic | 1lymphoma 0.010 0.016 38.1
DEL anaplastic large cell lymphoma 0.038 0.046 53.0
HR cutaneous T-cell lymphoma G.016 0.022 30.7
L540cy Hodgkin's di < 0.060 0.085 704
HDIM-2 Hodgkin’s di 0.080 0.210 56.0
1428 Hodgkin’s d-“ 0.021 0.038 68.0
KMH-2 Hodgkin's 0.009 0.068 454
RPMI 6666 Hodgkin’s di 0.091 0.180 154
WSU-NHL Non- H(n(nr}’m s g’mph-:)ma, D30~ >25b »>25b 60.3
mean (all lines) 0.034¢ 0.066¢ 70.4

« Cytotoxicity was measured as indicated in Table 1. Concentrations of the ADCs are represented by the drug component. » Represents 1000 ng/mL mAb
component. © Represeuts 1.36 ng/ml. mAb component. ¢ Represents 2.64 ng/mL mAb component.

earlier for MMAE (12, 19). The mAbs used were BRY6 (I7)
and ACID (J9), chimeric IgGl mAbs that bind to the LewisY
antigen on buman carcinomas, and the CD30 antigen on
hematologic malignancies, respectively. Initlal studies were
undertaken with conjugates that had eight drugs/mAb, but roore
recert data demonstrating improved pharmacokinetic and toxi-
cologic propertics of conjugates having lower drug loadings (74)
prompted us to investigate the activities of conjugates with fewer
drugs/imAb. These were obtained through carefully controlied
mAb disulfide reduction with limiting amounts of DTT sufficient
to produce an average of four thiol groups/mAb. Alkylation with
drugs bearing thiol-reactive maleimide functionalities led to the
formation of conjugates baving an average of four drugs/mAb.
The resulting distributions of specigs were as previously
described (203, It was found that the ability of the pzarem
unmodified wAb to bind to cell-surface receplors was main-
tained in conjugates (/2), and aggregate (<5%) and free drug
levels (0.5%) were very low.

In Vitre Grewth Inhibition. cACIO-L1 - MMAF, was
tested on a pcmel of both CD30 positive and negative cell lines
as shown in Table 2. Cells were exposed to the ADCs
continnously for 96 b, and the cytotoxic effects, as determined
by Alaraar Blue cogversion, were compared 1o those of free
MMAF. On a molar basis, th" cACIO—LI-MMAF, was an
average of >2200-fold more potent than free MMAT and was
active on all the CD30- pos tive udl lines tested. The effects
were immunologically specific, since WSU-NHL cells, which
do not express detectable levels of the CD30 antigen, were
unaffected by the conjugate. Limited studies were also under-
taken with the cACI0—-L1-MMAF-OMes-based conjugates,
and it was found that they displayed ICsq values on Karpas 299
{0.04 nM) and L540cy (0.11 nM) cells that were comparable
to those of cACIO—1L1-MMAF, (Table 2). This is consistent
with the assumption stated earlier that the active foua of
MMAF-OMe is the free acid MMAF.

Further studies were undertaken with MMAF and the
¢BRY6—-L1-MMAFs conjugate on a LewisY positive buman
small cell lung carcinoma cell line (H69) and its P-glycoprotein-
overexpressing counterpart HO9/L X4 (18). The results were
£comp: ared to doxorubicin and ¢BR96-L1-—-doxorubicing, a
previously described conjugate with eight doxorubicin molecules/
mAb (17, 27). H69/LX-4 cells were approximately [00-times
less sensitive to doxorubicin compared to the parental cell
(Figure 2A), while there was only a 3-fold difference with
MMAF (Figure 2B). This trend extended to the conjugates, in
that the drug resistant cell line was refractory to BR96—LI—
doxorubicing (Figure 2C), but quite sensitive to the correspond-
ing MMAF conjugate (Figure 2I3). These results have been
confirmed on several MIDR positive cell lnes {data oot shown},

in which it has been found that MMAF and MMAF - based
immunoconjugates circunvent common forms of the MDR
phenotype.

New Linker Technologies. The linker joining the drug to
the mAb carrier plays a critical role In conjugate potency (3,
21-24). We applied our pepi;ds Iinker technology to MMAF,
based on its successful application with MMAE (12, 14, 15
{9, 20y and other drug classes (6, 9—17). To expand our
understanding of the role that the linker plays in doug release
and cytotoxicity, we raade tuncated linker—MMATF derivatives
;;\d\.ng the p-aminobenzyloxycarbonyl (PABC) self-immolative
group (L2, Figure 1), the peptide (L3), and both the peptide
and the PABC group (£4). The resulting modified drugs were
attached to cACIO, forming ADCs with approximately four
drugs/mAb. As expected from earlier work with related doxo-
ribicin ADCs (6, 9—11), cACI0—L2—-MMAF, was devoid of
activity on Karpas 299 cells {Table 3}. In contrast, both ¢cACIO~
L3-MMAFE; and cACI0-L4--MMAY, were highly active, apd
were as active as the fulldength construct (¢cACI0-L1—
MMAF,). Interestingly, ADCs with truncated Lokers (L2, 1.3,
and L4) were not substrates for hnman cathepsin B, which was
a critical design eleyaent is forruing the original proteciytically
cleavable linker technology for doxorubicin (6, 9—17). The
effects of the truncated linkers were drug-dependent, in that
cACI0—LA—-MMAE; had no cytotoxic activity above 50 oM
(1000 ng/mL) on Karpas 299 cells.

The results prompted us to test cACIO—LA—-MMAF; on the
broad panel of hematologic cell lines shown in Table 2. The
conjugate was active against all CD30 positive cell lines tested
and had approximately half the activity of cACI0—LI—
MMAF,. In addition, the effects were immunologically specific,
as CI30 negatve SU-NHL cells were not affected by cAC10—
LA-MMAFE,. Thos, MMAF can be attached to cAC 10 ) through
linkers not desxgned for protenlytic cleavage, without significant
foss 1n potency.

The high potency and broad reactivity of ¢cACI0—LA4-
MMAF; (:onjugate*s raised the queskinta of precisely what drug
related molecule might be released from the conjugate, since
the L4 lioker Wou]d appear to be noncleavable. To elucidate
this, PC-phenyialanine snbatituted L4—MMAF was synthesized
and conjugated to ¢ACIO. 12C, BC, and a 1:3 mixture of °C
and BC cACI0—L4—MMAF,; were then incubated in lysosomal
extracts of L340cy cells. Low molecular weight pr oducts were
separated from pru teins and were analyzed by LCMS. The
identification of released drugs was based on the 6 mass unit
shifts between the '*C and °C derivatives of the drug. After
inspection of mass spectra for such shifts, the only detectable
drug-related molecule that was found was the cysteine adduct
of maletmidocaproyl-MMAF (Figure 3}. To confirm this, au
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Figure 2. Cytotoxic effects of drugs (A, B) and cBR96-drug conjugates (C, D) on human small cell lung carcinoma cell line H69 (-M-) and its
P-glycoprotein-overexpressing counterpart H69/L.X-4 (-O-). Both cell lines are Lewis Y positive. The cells were incubated with either the drugs or
the conjugates for 6 days, and the cytotoxic effects were determined by metabolism of Alamar Blue during the last 24 h of incubation.

Table 3. In Vitro Cytotoxicity of Drug—Linker Combinations

target 1Csp (nM)
conjugate antigen Karpas 299 cells®

cAC10—-L1-MMAF, CD30 0.03
cAC10-L2—MMAF, CD30 >25
cAC10-L3—MMAF, CD30 0.055
cAC10-L4—MMAF, CD30 0.065
cAC10—-L1-MMAE;g CD30 0.18
cAC10-L4—MMAE;g CD30 >50
cBR96—L1-MMAF, Lewis Y >25
cBR96—L4—MMAF, Lewis Y >25

@ Karpas 299 cells are CD30 positive, Lewis Y negative. Cytotoxicity
was measured as indicated in Table 1. Concentrations of the ADCs are
represented by the drug component. The numbers reported are representative
of at least two independent experiments.

authentic sample of cysteine—L4-MMATF was syathesized and
was shown to have the same elotion and LCMS profile as the
drug released from the cACIO—LA—-MMAF, ADC (data not
showa). The mAb is the likely source for cysteine in cysteine—
LA-MMAF, since this was the residue to which the doug was
attached. Thus, drug release takes place through mAb degrada-
tion. Studies are currently ongoing to identify other products
that might also be formed and to establish the rates and extent
of drug release.

Maximum Tolerated Doses. The maximum tolerated doses
(MTDs) of the cACI0—MMAF conjugates were determined in
BALB/c mice and in Spragee—Dawley rats and are defined as
the highest dose that did not induce > 20% weight loss, distress,
or overt toxicities in any of the auiroals. This dose was generally
within 20% of doses where such events took place. cACHG—
L1-MMAF, has ag MTD of 50 mg/ky 16 mice and 15 mg/kg
in rats. The corresponding cACIG—L4A-MMAF, ADC was
much less toxic, having MTDs in mice and rats of > 130 mg/
kg (the highest dose tested, which resulted in no apparent
toxicity) and 90 mg/kg in rats, respectively. This clearly
indicates that the method by which the drug is attached to the
mAb can have a pronounced effect on ADC tolerability, and
the ADC lacking the peptide spacer within the Laker was much
less toxic than the peptide-based ADC.

bBomunchistochemical Analyses. Studies were vadertaken
to determine if cACI0—L1-MMAF; localized into subcutane-
ous Karpas 299 tumors in nude mice. Animals were injected
intravenously with cACIO—LI-MMAF: or cBR96—-LI—
MMAF, at 10 mg antibody component/kg body weight. Tumors
were removed 24 h later, and frozen sections were evaluated
for the presence of the mAb and drug components using
immmunochistochemistry with biotinylated anti-human-Fc and
anti—MMAYF mAbs as secondary antibodies, respectively.
Figures 4A and 4C show that cACI0—LI-MMAF, ac-
cumulated much more efficiently within Karpas 299 tumors
compared to the ¢cBR96 nonbinding control ADC (Figure 4B
and 4D). Since both the mAb (Figure 4A) and drug (Figure
4C) moieties were detected throughout the tunior, we conclude
that the ADC is delivered as an intact molecule.

Additional studies were undertaken to determine the effects
of ADC localization on apoptosis. Figure 4E demonstrates that
there were sigaificant levels of fragmented DNA in tumors of
animals that received cACIO—LI—MMAF,. This was estab-
lished by TUNEL aunalysis, which measures bromodeoxyuridine
incorporation into fragmented DNA. A nonbindiag control ADC
(Figure 4F) did not induce nearly this level of fragmentation,
which is consistert with the localization data.

I Vive Therapy Studies. The therapeutic effects of the
ADCs were detenmined in oude mice with subcutaseous or
disseminated Karpas 299 mmors. Ja anircals with subcataneous
tumors, significant antimynor effects were obtained with a single
wjection of either cACHO-LI-MMAF, or ¢cACI0-L4-
MMAF,, which were indistinguishably poteat and active (Figure
5A). MNeady all animals that received single ADC injections at
2 mg antibody component/kg body weight were cured. In
lowering the dose to 1 rag/kg, efficacy for both ADCs, dropped
off in an apparently equal manner. At this dose, there were still
two of six asd three of six aniraals cured with the cACIO—
L1-MMAF, and cACI0—L4~-MMAF, ADC s, respectively.

To establish disseminated tumors, Karpas 299 cells were
injected iptravenously aad allowed to distribute and become
established before therapy was initiated 9 days later. In the
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Figure 3. LCMS analysis of products released in lysosomal extracts of 1.540cy cells from cAC10—L4—MMAF, conjugate composed of ['*Ce-
Phe] —-MMAF (top), ['*Cs-Phe] —MMAF (middle), and a 1:1 mixture of these two conjugates (bottom). The fragments obtained from the co-mixture
of the conjugates were analyzed for (M) and (M + 6) molecular ion clusters. Cysteine—L4—MMAF, m/z 1046/1052, was the only identitiable
MMAF compoenent.

antigen posttive, ¢cBR96 antigen negative} were injected etther with cACIO—L1-MMAF, (A, C, E) or with ¢BR96-L1-MMAF, (8, D, F) to
investigate the localization and the induction of apoptosis on tumor xenografts. The presence of intratimoral mAb (A, By and intratumoral MMAF
(C, D) were determined by immunchistochemistry y either biotinylated anti-hum ¢ biotinyiated anti-MMAF mAbs, respectively, as
secondary antibodies. The tumors were excised and s oned 24 b posteonjugate administration. The apoptotic effect on Karpas 299 (E, F) were
investigated vsing the TUNEL assay. The images were taken using 20x objectives on a Zeiss microscope.
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Figure 5. In vivo therapeutic efficacy of the conjugates in SCID mice. The data reported are representative of a number of independent studies.
(A) Groups of mice (six/group) with subcutaneous Karpas 299 human ALCL tumors (cAC10 Ag™) of approximately 100 mm? average in size were
treated with cAC10—L1—MMAF, or cAC10—L4—MMAF, at 1 mg and 2 mg mAb component/kg. Cures: 1 mg/kg cAC10—L1—MMAEF,, two out
of six; 1 mg/kg cAC10—L4—MMAEF,, three out of six; 2 mg/kg cAC10—L4—MMAEF,, five out of six; 2 mg/kg cAC10—L1—MMAF,, six out of
six. (B) Groups of mice (ten/group) with disseminated Karpas 299 ALCL tumor model (cAC10 Ag*, cBR96 Ag™) were treated on day 9 after
tumor injection with cAC10—L1—MMAF,, cAC10—L4—MMAF, cAC10 + unconjugated MMAF, cBR96—L1—MMAF,, or cBR96—L4—MMAF,

at the doses indicated.

absence of any treatment, all of the asimals succumbed to
disseminated disease by day 45. A single administration with
either cACIO—L1-MMAF, or cACIO—1L4—MMAF, was suf-
ficient to cure most of the animals, with a slight dose response
between 0.8 mgfkg and § mg/kg. The differences between the
L1 and L4 linkers were not significant in this tumor model.
One of the noteworthy findings in this experiment was the level
of specificity. The nonbinding contrel ADCs, cBRO6—-L1—
MMAF, and ¢BR96—L1-MMAFE, were inactive, even at 8 mg/
kg, which is 10-times the effective dose of the corresponding
cACLIE ADCs. Thus, the MMAF conjugates exhibit prosounced
activity at very well tolerated doses aad are highly immunclogi-
cally specific. Furthermore, the therapeutic window of cACIO—
LA—-MMAT, is measurably greater than that of cACIO—Li—
MMAF,, indicating that the linker technology plays a critical
role in the design of effective ADCs that can be safely
administered.

DISCUSSION

In this paper, we describe the synthesis and properties of
MMAF, a new auristatin antimitotic agent designed for attach-
ment to mAbs through the secondary amino terminus. MMAF
has much lower cytotoxic activity than MMARE (12, /4, 75, 19),
presumably owing to the charged C-terminal phenylalanine
group that iropairs iptraceliular access. This hypothesis is

supported by the pronounced activity of MMAF-OMe, oae of
the roost potent auristatins that we have developed. To further
understand the precise cause of the attenuated activity of MMAF
compared to the other drugs, studies are currently underway to
measure intracellular concentrations in MDR positive and
negative cell lines.

ADCs coraprised of MMAF are distiact from those of other
drugs, including MMAT, We show that the activities of MMAF
are potentiated an average of 2200-fold when the drug is
attached through the L1 linker to cACI0, a mAb that is
efficiently taken up within the lysosomes of target cells (Table
2y, With one exception that is likely cell line dependewt (25),
broad-scale drug potentiation through ADC formation 1s gener-
ally not seeq, as evidenced by the in vitro results of MMAE
(12 and other drug-containing ADCs (23, 24, 26, 27). The
significance of this finding will become evident though detailed
toxicological analyses, in which MMAE- and MMAF-based
ADCs should be quite distinct if systemically released drug
contributes to ADC toxicity.

One of the most siriking results from this work surrounds
the unexpected activity of cACI0—L4A—MMAF,, an ADC that
has no built-in provision for drug release. Purified human
enzymes that we have tested were unable to facilitate release
of MMAF or any identifiable MMAF fragmeunts, yet cAC10—
LA-MMAF, is highly potent, both in viro and in vivo. We
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propose that the mechanisra of doug release involves ¢ ompi St
degradation of the mAb, based on the identification of the
cysteine adduct of LA—-MMAF. The finding that the released
drug from the L4 linker is highly modified might explain why
such truncated linker technology is not uniformly appL abl;,
since many drugs lose activity as a result of derivatization.
Indeed, MMAE was not tolerant of such medification (Table
3), and corresponding doxombicin ADCs have also proven to
be inactive (date not shown). The data in Table 3 also
demonstrate that the various linkers within the MMAF ADC
farmily provide a range of cytotoxic activities. The fact that
cACHO—L2-MMAF,; was inactive suggests that the released
agent from the L2—~MMAF ADC 1s ighly attenuated in activity.
We focused on cACI0—1L4—-MMAF, for further work rather
than cACI0—L3—MMAF,, since the PABC group in the L3
linker is hydrophobic and apparently unnecessary for activity.

The objective of the investigations with various linkers was
to determine if the mode of drug release could affect ADC
therapeutic index. We found that cAC10—LA—-MMAF, differed
from cAC10—LI—-MMAFY, by an average of only 2-fold on a
large pcmel of iﬁema tologic cell Tines {Table 2) although L1 linker
cleavage is quite £ ,,Eﬁ through enzymes such as cathepsin B,
while drug release through the L4 DBuoker reguires antibody
degradation. This provided the basis for 1n vivo experiments,
since we aoticipated that the different pathways required for
drug elimination could strongly influence the therapeutic
windows of the ADCs. Indeed, it was found that cACIO—L4—
MMAF, was tolerated at significantly higher doses in rodents
than cACI0—L1—MMAF, but was equally efficacious in vive.
Our results suggest that the therapeutic window is increased by

t least 3-fold through the L4 linker system.

We are in the process of assessing several aspects of MMAF
linker technology. Current studies inclode the application of
mAb—LA-MMAF ADCs directed against antigens on an areay
of tumor types. Our preliminary data suggest that such ADCs
are broadly active agaiost hematologic malignancies but are only
sporadically effective in the carcinomas we bave evaluated. We
are gaining insight ioto the factors that influence activity by
assessing bound and unbound dmg both inside and outside target
cells. In addition, we are char acterizis ng the mechanisms of dmg
release in target and nontarget cells in order to further understand
the principles that influence activity and toxicity.

Supporting Information Available: Synthetic schemes for all
linker—drugs. This material is available free of charge via the
Internet at http://pubs.acs.org/BC.
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ARSTRACT: The systemic stability of the antibody—drug linker

is crucial for delivery of an intact antibody—drug conjugate (ADC)

to target-expressing tumors. Linkers stable in circulation but readily “
processed in the target cell are necessary for both safety and
potency of the delivered conjugate. Here, we report a range of
stabilities for an auristatin-based payload site-specifically attached
through a cleavable valine-citrulline-p-aminobenzylcarbamate
(VC-PABC) linker across various sites on an antibody. We
demonstrate that the conjugation site plays an-important role in
determining VC-PABC linker stability in mouse plasma, and that
the stability of the linker positively correlates with ADC cytotoxic
potency both in vitro and in vivo. Furthermore, we show that the
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VC-PABC dleavage in mouse plasma is not mediated by Cathepsin B, the protease thought to be primarily responsible for linker
processing in the lysosomal degradation pathway. Although the VC-PABC cleavage is not detected in primate plasma in vitro,
linker stabilization in the mouse is an essential prerequisite for designing successful efficacy and safety studies in rodents during
preclinical stages of ADC programs. The divergence of linker metabolism in mouse plasma and its intracellular cleavage offers an
opportunity for linker optimization in the circulation without compromising its efficient payload release in the target cell.

B INTRODUCTION

Antibody—drug conjugates offer the advantage of delivering
cytotoxic agents directly to the target-expressing cells, thus
potentially improving the therapeutic efficacy and minimizing
harmful side effects as compared to conventional chemo-
therapy.l_3 Loss of toxin from the conjugate while in circulation
can result in off-target toxicity from the released payload, and
generation of an unconjugated antibody that can compete for
target binding with the intact ADC, leading to loss of efficacy.
Therefore, it is highly desirable that cytotoxic agents remain
stably attached until the conjugate reaches the tumor, where the
toxic payload may then be efficiently released into the tumor cell
only after internalization.”®

Previously, we described an efficient site-specific conjugation
method using microbial transglutaminase to attach a wide
range of cleavable and noncleavable payloads to various sites
in an antlbody to generate homogeneous conjugates with unique
properties. 6% In this approach, a glutamine-containing tag
(LLQG) was engineered into selected positions in an antibody
sequence, and microbial transglutaminase was used to catalyze
transamidation reaction between the glutamine y-carboxamide
group and a primary amine of the payload of choice, creating a
covalent isopeptide bond. The selected sites were shown to be
ACS Publications
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transferrable among several different antibodies. We further
showed that the glutamine tag engineered into the antibody
sequence, as well as the transglutaminase-catalyzed isopeptide
linkage between the engineered antibody and the payload,
remain intact upon exposure to rodent serum in vitro and
upon administration in vivo. We did, however, detect plasma
cleavage of the VC-PABC linker resulting in a loss of the
payload moiety.7 Here, we investigate the stability of a cleavable
linker-payload conjugated at a wide range of positions, its
dependence on the site of conjugation, and the correlation of
stability with efficacy in vitro and in vivo. While the site of
attachment has previously been shown to modulate stability of
maleimide-based conjugates, the effect was due to chemical
decoupling of the maleimide linkage9 rather than the enzymatic
processing of the VC-PABC linker during circulation. We
further examine the cleavage of the VC-PABC linker resulting
in the loss of an auristatin-based payload from a mechanistic
perspective to gain insight into the plasma enzyme(s) re-
sponsible for this process.
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Figure 1. Stability studies of site-specific cleavable ADCs. (a) Positions of conjugation sites on an antibody. (b) Structure of the cleavable C6-VC-PABC-
Aur0101 payload conjugated to the glutamine tag on the antibody, and its cleavage product. The glutamine residue is shown in blue. (c) Experimental

setup for in vitro and in vivo ADC stability assays.
p y:

B HESULTS

Stability and Cytotoxic Potency of Cleavable Con-
jugates in Vitro. Earlier studies of transglutaminase-based
conjugates revealed the significant role played by the conjugation
site in determining the stability and pharmacokinetic properties
of ADCs.” To further evaluate linker-payload stability across a
number of conjugation sites (Figure 1a), we generated a series
of site-specific conjugates using an auristatin-based cleavable
linker-payload, Aminocaproyl-VC-PABC-Aur0101 (C6-VC-
PABC-Aur0101, Scheme 1)'° conjugated to a glutamine residue
(Figure 1b) that had been engineered into anti-M1S1 anti-
body C16 using site directed mutagenesis at selected positions
(Figure 1a, Table 1). The conjugates were incubated in the blood
plasma of several species, followed by purification and analysis of
their drug loading using hydrophobic interaction chromatog-
raphy (HIC) and mass spectrometry (Figure 1c). While the
isopeptide linkage resulting from transglutaminase conjugation
was intact across all sites and all species, in mouse plasma we
observed cleavage of the VC-PABC linker resulting in the loss of
the hydrophobic PABC-Aur0101 moiety {Figure 1b), and a shift
toward lower retention time on HIC {Supporting Information
Figure 1). Mass spectrometric analysis following incubation in
mouse plasma reveals a corresponding 873 Da mass loss from the
ADC (Figure 1b, Figure 2a,b, Supporting Information Figure 2).
This cleavage appears to be at the same Cit-PABC amide bond as
occurs through normal processing in Iysosomal compartments
that leads to payload release in target cells.'* '3 The VC-PABC
linker is cleaved in this way to a varying extent at different sites on
either heavy and/or light chains of the antibody when incubated
in mouse plasma from either Balb/c or SCID strains, but appears
to be more stable in rat, cynomolgus monkey, and human plasma
(Table 1). The wide range of mouse plasma stabilities across con-
jugation sites suggests varied degrees of protection of the linker
from proteolytic cleavage through steric hindrance by adjacent
antibody domains.

651

Linker stability is a key determinant of ADC potency which
relies on the efficient linker processing and payload release
inside target cells and, at the same time, the exquisite systemic
stability prior to internalization. To examine how the differential
C6-VC-PABC-Aur0101 linker stability across conjugation sites
correlates with the cytotoxic activity of the ADCs, we performed
in vitro cytotoxicity assays using C16 conjugates before and after
incubation in mouse plasma. All of the untreated C6-VC-PABC-
Aur0101 conjugates showed comparable and target specific
potency against the BxPC3 cell line (M1S1+++) demonstrating
an efficient mechanism of intracellular payload release at all con-
jugation sites (Figure 3a—c, Supporting Information Figure 3a,c
and Table 1). Lack of efficacy from a nonbinding, negative
control conjugate NCC Site F-C6-VC-PABC-Aur0101 verified
that target recognition and conjugate internalization are required
for specific cell killing (Supporting Information Figure 3b).
Target specificity was also demonstrated using the SW620
cell line that does not express M1S1 (Supporting Information
Figure 3c). In contrast to untreated conjugates which show
similar anti-BxPC3 ICj, values (0.6—1.2 nM), ADCs purified
after a 4.5 day incubation in mouse plasma showed varying
degrees of potency decrease that correlated with their VC-PABC
linker instability, with the most stable Site I-C6-VC-PABC-
Aur0101 conjugate showing no change in the ICg, value after
plasma exposure (IC,, before and after exposure of 1.0 and 0.9 nM,
respectively), and the least stable Site A-C6-VC-PABC-Aur0101
conjugate showing significantly reduced cytotoxicity (ICs, changed
from 1.2 nM for untreated conjugate to >266 nM after treatment)
(Figure 3a—c, Supporting Information Figure 3a and Table 1).
Establishing an exact quantitative dependence between ADC
potency and linker stability is not possible due to the presence of
other factors that affect ADC activity (such as internalization
rates, possible differential intracellular processing by lysosomal
proteases), all of which are functions of time. Nevertheless, the
qualitative correlation between stability and potency can be seen

DOI: 10.1021/bc5005747
Bioconjugate Chem. 2015, 26, 650—659



Bloconjugate Chemistry

Table 1. Stability of the Cleavable C6-VC-PABC-Aur0101 Conjugate Series under Various Conditions”

A LC 200-202 C6-VC-PABC-Aur0101 S
B HC 160 C6-VC-PABC-Aur0101 12
C HC 135 C6-VC-PABC-Aur0101 22
D HC C-terminus C6-VC-PABC-Aur0101 34
E HC 190-192 C6-VC-PABC-Aur0101 42
E LC C-terminus C6-VC-PABC-Aur0101 86
G N297A C6-VC-PABC-Aur0101 88
H N297Q C6-VC-PABC-Aur0101 100
1 HC 294-297 C6-VC-PABC-Aur0101 100

94 99 99 0
99 100 100 -
97 98 96 -
97 99 100 -
97 97 100 0
99 100 98 -
100 99 100 -
100 100 100 -
100 100 100 57

“Stability values are calculated as the ratio of drug loading after treatment and before treatment, and expressed as a percentage. Calculations are
based on DAR values obtained from HIC analysis for most conjugates, except for Site G, H, and I conjugates for which DAR values are determined
by mass spec analysis. Both methods give consistent DAR values; however, HIC chromatograms of Site G, H, and I conjugates show insufficient shift

between DAR 0, 1, and 2 peaks for accurate integration.
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when stability is plotted against in vitro cytotoxicity data
(Supporting Information Figure 4).

In Vivo Efficacy and Its Relation to Stability of
Cleavable ADCs. To evaluate whether the in vitro VC-PABC
linker stability differences observed in the mouse plasma trans-
late into differences in antitumor efficacy, we selected three C16
conjugates for comparative in vivo efficacy study: the unstable
Site A-C6-VC-PABC-Aur0101, the intermediate stability Site
E-C6-VC-PABC-Aur0101, and the stable Site I-C6-VC-PABC-
Aur0101. A single intravenous dose of the three conjugates given
to mice implanted with BxPC3 cells resulted in varying degrees
of tumor growth inhibition or tumor regression that correlated
with the VC-PABC linker stability observed in vitro (Figure 3d).
The NCC Site F-C6-VC-PABC-Aur0101 conjugate wasused as a
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negative control to monitor tumor response to nontargeting
conjugate present in the circulation {Figure 3d). A pharmaco-
kinetic study in non-tumor-bearing mice verified that the
observed efficacy differences among the conjugates were not a
result of different whole antibody exposure as demonstrated
using total antibody ELISA (Figure 3e). Instead, the efficacy
differences can be attributed to differential amount of drug loss
resulting in different ADC exposure (Figure 3e). These data
suggest that a kinetic competition between the rate of VC-PABC
cleavage in the plasma and the rate of cell killing by the ADC,
even in the early days post dosing, will have a significant effect on
the antitumor outcome of the treatment.

The varying extent of PABC-Aur0101 payload loss in vivo was
confirmed by isolating the three conjugates from non-tumor-bearing

DOI: 10.1021/bc5005747
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Figure 2. Mass spectrometric analysis of cleavable conjugates before (a and c) and after (b and d) incubation in mouse plasma. The figure labels
represent experimentally observed masses. (a) Intact mass deconvolution of C16 Site A-C6-VC-PABC-Aur0101 conjugate before plasma incubation.
The mass difference between the peak representing drug to antibody ratio of 1 (DAR 1) and DAR 2 is approximately 1243 Da which corresponds to the
mass of the cytotoxic drug plus the linker (less ammonia). (b) Intact mass analysis of C16 Site A-C6-VC-PABC-Aur0101 conjugate after plasma
exposure. Cleavage by a plasma protease results in a loss of 873 Da from each conjugated payload, shifting the DAR 2 peak by 2 X 873 Da, and the DAR 1
peak by 1 X 873 Da. (c) Intact mass deconvolution of C16 Site I-C6-VC-PABC-Aur0101 conjugate before plasma incubation. The observed DAR 2 peak
represents the mass of the antibody conjugated to two linker-payload molecules. (d) Intact mass analysis of C16 Site I-C6-VC-PABC-Aur0101
conjugate after mouse plasma treatment. No mass difference is observed for this conjugate, indicating a high degree of stability in mouse plasma.

mice at 4.5 days after a 3 mg/kg dose, and evaluating their drug
loading using HIC and mass spectrometry (Table 1). We note
that in mice the VC-PABC linker appears to be cleaved more
efficiently in vivo relative to the in vitro assay. This could be a
result of a continuous source of putative enzyme(s) in vivo, or
alternatively due to a contribution from intracellular cleavage and
release of the unconjugated antibody through endocytic
recycling. Target-mediated recycling is unlikely in this case,
since the C16 antibody does not recognize the mouse M1S1
protein in non-tumor-bearing mice. While we detect only low
levels of VC degradation in rat plasma, and practically none in
monkey or human plasma in vitro assays (Table 1), the loss of
payload due to VC-PABC cleavage from a related C16 Site
D-C6-VC-PABC-MMAD conjugate was observed in pharmaco-
kinetic studies in both rat and cynomolgus monkey (Supporting
Information Figure 3).

Mechanistic Comparison of VC-PABC Cleavage in
Mouse Plasma to Cathepsin B Activity. To determine
whether an enzymatic mechanism is responsible for the hydro-
lysis of the VC-PABC linker in the mouse plasma, we conducted
thermal inactivation, protease inhibitor, and pH dependence
studies. Preincubation of mouse plasma at 65 °C for 1 h com-
pletely abolished its VC-PABC cleavage activity {data not
shown), suggesting that the VC metabolism in plasma is a result
of a thermo-labile enzymatic process. Next, we investigated whether
the cleavage of the VC-PABC linker in the plasma occurs through
the activity of Cathepsin B, one of the key endosomal/lysosomal
cysteine proteases believed to be responsible for intracellular
VC-PABC cleavage and toxin release."V' > While Cathepsin B
is not thought to be prevalent in the plasma of healthy
individuals, increased extracellular levels of the enzyme and
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other cysteine cathepsins have been described in various
pathological states such as neurodegenerative disease, arthritis,
and tumorigenic and metastatic pathways.lé_22

All of the described cleavable C6-VC-PABC-Aur0101 C16
conjugates displayed comparable in vitro efficacy profiles against
target positive BxPC3 cells (Figure 3a—c, Supporting Informa-
tion Figure 3a and Table 1), suggesting comparable intracellular
processing and payload release for each of the examined sites on
the time scale of the cytotoxicity assay (4 days). However, the
cleavage of the VC-PABC linker in mouse plasma was distinctly
dependent on the conjugation site (Table 1). Therefore, we
selected the least stable C16 conjugate, Site A-C6-VC-PABC-
Aur0101, as a substrate for enzymatic characterization assays. In a
series of comparative assays, the substrate was incubated under
the conditions described in the presence of purified Cathepsin B
or plasma from mouse or human, followed by HIC analysis to
assess the extent of VC-PABC linker cleavage and payload loss.
The Site A-C6-VC-PABC-Aur0101 substrate underwent a
complete cleavage in the presence of mouse or human Cathepsin
B over a 20 h incubation at either pH 5.2 or 6.0; however, both
enzymes showed negligible activity at pH 7.4 or higher (Table 2).
This observation is consistent with the expectation that
endosomal/lysosomal proteases, including Cathepsin B, have a
pH optimum in the acidic range.23 In contrast, incubation of the
substrate in the mouse plasma at 37 °C for 20 h resulted in an
efficient VC-PABC cleavage over a wide range of pH from 5.2 to
8.5 (Table 2). We did not detect any proteolytic activity upon
incubation of the VC-PABC substrate in human plasma in vitro,
suggesting that either human plasma does not contain the
responsible hydrolase(s) or the human enzyme is inactive or
inhibited under conditions used in the in vitro assay.

DOI: 10.1021/bc5005747
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Figure 3. Comparative efficacy studies of cleavable ADCs. Comparison of in vitro cytotoxic activities of untreated and plasma-treated anti-M1S1
cleavable conjugates against BxPC3 cells (M1S1+++). (a) Plasma-sensitive C16 Site A-C6-VC-PABC-Aur0101 conjugate. (b) C16 Site E-C6-VC-
PABC-Aur0101 conjugate with intermediate plasma stability. (c) Stable conjugate C16 Site I-C6-VC-PABC-Aur0101. (d) In vivo comparison of the
three conjugates in the BxXPC3 xenograft model, along with a negative control conjugate NCC Site F-C6-VC-PABC-Aur0101. All compounds were
dosed at 3 mg/kg. (e) Mouse pharmacokinetic profiles of the three conjugates. Solid lines represent total antibody ELISA, while dashed lines show

antidrug ELISA. All compounds were given as single dose at 3 mg/kg.

Table 2. Testing pH Dependence and Protease Inhibitor
Sensitivity of the A-C6-VC-PABC-Aur0101 Linker Cleavage
by Mouse and Human Cathepsin B in Comparison with
Mouse and Human Plasma“

6.0 - 0 0

45 100
7.4 95 94 47 100
85 - 100 100 42 100
6.0 Eo64, 10 uM 99 100 44
6.0 Leupeptin, 10 uM 90 76 44
6.0 Pefabloc, 1 mM 0 0 100

“The A-C6-VC-PABC-Aur0101 cleavage activity is expressed in terms
of ADC stability values which are given as percentage. The incubation
time was decreased to 20 h to capture any differences between
Cathepsin B and plasma cleavage under various conditions.

To further investigate whether the cleavage of the VC-PABC
linker in mouse plasma occurs through a Cathepsin B-independent
mechanism, we employed a series of protease inhibition assays.
The purified mouse and human Cathepsin B showed a reduced
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VC-PABC cleavage when incubated at pH 6.0 in the presence of
protease inhibitor E64 (known to inhibit primarily cysteine pro-
teases including Cathepsin B'"***) and Leupeptin (an inhibitor
of cysteine and serine protease524) (Table 2). In contrast, the
addition of either E64 or Leupeptin to the substrate in mouse
plasma had no effect on the extent of VC-PABC cleavage at either
pH 6.0 or 7.4 (Tables 2 and 3). This observation further suggests
that the enzymatic cleavage taking place in the mouse plasma
is not mediated by Cathepsin B or a closely related cysteine
protease. In further tests, the addition of Pefabloc, mainly a serine
protease inhibitor,”* had no effect on the VC-PABC cleavage by
either mouse or human Cathepsin B at pH 6.0 (Table 2), but
resulted in a significant inhibition of the cleavage in mouse
plasma at both pH 6.0 and 7.4 (Table 2 and 3).

Among other serine protease inhibitors tested (Leupeptin,
Antipain, Chymostatin, Aprotinin, Benzamidine, and 3,4-
Dichloroisocoumarin®**®), only 3,4-Dichloroisocoumarin had
a partial inhibitory effect on the VC-PABC cleavage in mouse
plasma (Table 3). Inhibitors against cysteine-based hydrolases
(E64, Leupeptin, Antipain, Chymostatin, and N- -etllylrnaleirnide24’2 )
had no effect on the VC-PABC plasma cleavage, with the exception of
partial inhibition by N-ethylmaleimide (Table 3). While a cysteine-
based mechanism cannot be completely ruled out, it is possible that
the partial sensitivity of the plasma enzyme to N-ethylmaleimide
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Table 3. Protease Inhibition Studies of the C6-VC-PABC-
Aur0101 Cleavage in Mouse Plasma“

- - 3
E64, 30 uM Cys proteases and trypsin 3
Leupeptin, 100 gM Cys & Ser proteases 4
Antipain, 100 uM Cys & Ser proteases 4
Chymostatin, 100 yM Cys & Ser proteases 6
N-Ethylmaleimide, 1 mM  Cys proteases 17
Aprotinin, 5 gM Ser proteases 3
Pefabloc, 1 mM Ser proteases 96
Benzamidine, 4 mM Ser proteases 6
3,4-Dichloroisocoumarin, ~ Ser proteases 28
1 mM
Pepstatin A, 1 uM Asp proteases 4
Bestatin, 135 uM Metalloproteases 3
EDTA, 5§ mM Metalloproteases S
Carboxypeptidase inhibitor, Carboxypeptidase A & B 4
10 M
a2-macroglobulin, 0.3 UM Broad spectrum inhibitor S

“The A-C6-VC-PABC-Aur0101 cleavage activity is expressed in terms
of ADC stability values which are shown as percentage. All assays were
carried out at pH 74.

might be due to reactivity with a cysteine, histidine, or the
a-amino group of N-terminal residue.?® Inhibitors of aspartate
proteases (Pepstatin24), metalloproteases (Bestatin, EDTA24),
and carboxypeptidases (carboxypeptidase inhibitor™), as well as
the broad-spectrum inhibitor atZ-macroglobulin25 had no effect
on the VC-PABC cleavage in mouse plasma (Table 3). These
data suggest that the VC-PABC linker degradation in mouse
plasma is most likely mediated by a serine hydrolase.

Interestingly, proteolysis of the Site A-C6-VC-PABC-Aur0101
conjugate by either mouse or human Cathepsin B is completely
blocked upon the addition of plasma even when adjusted to pH 6.0
(Supporting Information Table 2). The loss of Cathepsin B
activity in the presence of plasma could result from its inhibition
or degradation by plasma components,27 preference of Cathepsin B
for other substrates that may be available in plasma, or its insufficient
affinity toward the Site A-C6-VC-PABC-Aur0101 conjugate in
the rich plasma environment. This observation further demon-
strates that an enzyme other than Cathepsin B is likely responsible
for VC-PABC cleavage in the plasma.

Taken together, our results suggest that the cleavage of the
VC-PABC linker likely occurs by two independent enzymatic
processes with unique characteristics: proteolysis by the
Iysosomal proteases such as Cathepsin B, most efficient under
acidic conditions and effectively blocked by cysteine protease
inhibitors, and in mouse plasma by a novel enzymatic activity
attributed to an unidentified extracellular hydrolase. The plasma
hydrolase activity shows less dependence on pH, and is sensitive
to serine hydrolase inhibitors Pefabloc and 3,4-Dichloroisocou-
marin. The existence of a distinct enzymatic process responsible
for the VC-PABC linker instability in the plasma opens up the
possibility to remedy this liability without affecting the desired
ADC processing and payload release in the endosomal/lysosomal
compartment of the target cell.

B DISCUSSION AND CONCLUSIONS
The rapidly expanding field of antibody—drug conjugates for

cancer therapy has relied on the properties of linkage chemistries
which ideally would offer both a stable toxin attachment to the
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antibody while in the systemic circulation and an efficient release
by intracellular proteases. Cleavable linker technologies designed
to undergo drug release in response to pH or reducing environ-
ment show relatively poor in vivo stability compared to peptide-
based linkers.>*®*° While the widely popular valine-citrulline
based linkers have been thought to be stable in the plasma
environment, payload loss has been reported to occur through
the decoupling of thiosuccinimide linkages from conjugates
generated through cysteine—maleimide methods.”*° The
maleimide linkage stability was reported to be dependent on
solvent accessibility and local environment, and has been demon-
strated to be enhanced by forced or spontaneous maleimide ring
opening.g’m’32

Alternative conjugation method utilizing microbial trans-
glutaminase produces a site-specific and stable amide linkage
between a primary amine of the linker-payload and a glutamine
side chain on the antibody. The linkage remains intact upon
prolonged exposure to plasma environment (both in vitro and
in vivo) and allowed us to examine the stability of the remainder
of the linker-payload. We report a wide range of plasma stabilities
of ADCs bearing cleavable linker-payloads, with stability varying
across specific locations throughout the antibody.

Our data suggest that the C6-VC-PABC-Aur0101 cleavage
occurs most readily in mouse plasma, and is mediated by an
alternative enzymatic entity than the endosomal/lysosomal
protease Cathepsin B with altered pH preference and different
protease inhibitor sensitivity. In the rat, the VC-PABC cleavage is
more efficient in the circulation in vivo than in the plasma assays
in vitro. In our experiments, we did not detect any VC-PABC
proteolytic activity on the tested conjugates in human or
cynomolgus monkey plasma in vitro; however, we observed
some level of drug loss from a related C6-VC-PABC-MMAD
conjugate in the monkey in vivo samples. While the problem of
premature VC-PABC degradation in the circulation appears
more severe in rodents than in primates so far, the time depen-
dent toxin loss in the rodent plasma confounds understanding of
relative efficacy and safety across various species. Clarifying these
differences and controlling the cleavage mechanism to optimize
ADC stability in the mouse and rat is essential since preclinical
efficacy and safety studies typically utilize rodent species.

Our results demonstrate that site selection is an important step
in the design of systemically stable cleavable auristatin-based
conjugates, offering the means to overcome inherent linker
instability. The VC-PABC linker proteolysis in the mouse plasma
shows a strong dependence on the site of conjugation, implicat-
ing either local environment or steric hindrance by proximal
antibody domains may play a role in protecting the VC-PABC
linker from proteolytic cleavage. The site of attachment can have
a dramatic impact on the conjugate stability both in vitro and
in vivo, and consequently on conjugate potency. These observa-
tions are in line with previous studies describing the effect of
conjugation site on ADC properties, including linker stability and
drug exposure,7’9 and further highlight the advantage of site-
specific conjugation methods that permit generation of a homo-
geneous population of ADCs with the desired properties. We
were able to identify positions on the antibody that are protective
of the labile VC-PABC-containing linker, and narrowed down
the potential hydrolases that are likely responsible for the cleav-
age in circulation. We expect that the VC-PABC degradation
in the plasma is not unique to the transglutaminase-based
cleavable conjugates, and that the cleavage will be observed at
susceptible gositions when other stable conjugation chemistries
are utilized.®® Future studies will focus on identification of the
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plasma hydrolase and deciphering how cleavable VC-PABC
linkers can be further stabilized in circulation without com-
promising their intracellular processing and cytotoxic activity.

B MATERIALS AND METHODS

Protein Purification. A glutamine tag was introduced at
selected positions of anti-M1S1 C16 antibody through residue
insertion or substitution using site directed mutagenesis as
previously described.” The sites are as follows: Site A, light chain
residues 200—202 replaced by LLQG tag; Site B, insertion of
LLQG tag at position 160 in the heavy chain; Site C, insertion of
LLQG tag at position 135 in the heavy chain; Site D, replacement
of residue 447 with LLQGA tag in the heavy chain; Site E, heavy
chain residues 190—192 replaced by LLQG tag; Site F, insertion
of GGLLQGPP tag after residue 214 in the light chain; Site G,
N297A deglycosylation mutant {conjugation happens at native
Q295 on the heavy chain); Site H, N297Q mutant (conjugation
happens on Q295 and Q297 on the heavy chain®*); Site I, heavy
chain residues 294—297 replaced with LLQG tag. Anti-M1S1
constructs were cloned into in-house expression plasmids and
transiently expressed in HEK293 cells. Conditioned media was
applied to Protein A MabSelect SuRe columns (GE Healthcare,
Inc.) and washed with 140 mM NaCl, 2.7 mM KC, and 10 mM
PO, (1x PBS) until baseline was reached. Protein was eluted
with 100 mM sodium citrate buffer, pH 3.5, and immediately
neutralized with 800 mM sodium phosphate bufter, pH 7.4.
Eluted protein was dialyzed into 1X PBS and stored at 4 °C.

B CONIJGATION

For the conjugation of anti-M1S1 C16 constructs to C6-VC-
PABC-Aur0101, the antibody concentration was adjusted to
S mg/mL in buffer containing 25 mM Tris-HCI, pH 8.0, 150 mM
sodium chloride. Payload was added in a 10- to 25-fold molar
excess over antibody, and the enzymatic reaction was initiated by
addition of 2% (w/v) bacterial transglutaminase (Ajinomoto
Activa T1, Japan). Following incubation with shaking at 37 °C for
16—24 h, conjugates were purified using MabSelect SuRe (GE
Healthcare, Inc.) following standard procedures. Alternatively,
conjugates were purified using preparative Butyl Sepharose
High Performance (Butyl HP, GE Healthcare Biosciences) by
adjusting the reaction mixture to obtain a buffer composition of
0.75 M ammonium sulfate, 25 mM potassium phosphate, pH 7
(Buffer A). The material was applied to a Butyl HP column,
washed with § column volumes of Buffer A, and eluted with a
linear gradient into 25 mM potassium phosphate, pH 7. Frac-
tions containing the ADC were pooled, dialyzed against PBS,
concentrated using a 10 kDa Amicon Ultra centrifugal filter unit
(Millipore Corporation), and sterile filtered through a 0.2 ym
filter.

Hydrophobic Interaction Chromatography Analysis.
Drug—antibody ratios (DAR) for purified conjugates and their
metabolic products were evaluated using a TSK-GEL Butyl-NPR
column (4.6 mm X 3.5 cm) {Tosoh Bioscience) on an Agilent
HP 1100 HPLC (Agilent). The HIC method utilized a mobile
phase of 1.5 M ammonium sulfate, 50 mM potassium phosphate,
pH 7 for Buffer A, and 50 mM potassium phosphate, pH 7 with
20% isopropanol for Buffer B. Using a flow rate of 0.8 mL/min,
ADC in 0.75 M ammonium sulfate was loaded onto the column,
and eluted with a gradient consisting of a 2.5 min hold at 0%
Buffer B, followed by a 35 min linear gradient into 100% Buffer B.

LC/MS Intact Mass Analysis. Prior to LC/MS analysis,
conjugates and metabolites were deglycosylated with PNGase F
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(NEB, cat#P0704L) under nondenaturing conditions at 37 °C
overnight. ADCs (500 ng) were loaded into a reverse phase
column packed with a polymeric material (Michrom-Bruker,
cat# CM8/00920/00). LC/MS analysis was performed using
Agilent 1100 series HPLC system, comprising binary HPLC
pump, degasser, thermostated auto sampler, column heater, and
diode-array detector (DAD), coupled to an Orbitrap Velos Pro
(Thermo Scientific) mass spectrometer with electrospray ion
source. The mobile phases were composed of solvent A (water,
0.1% formic acid) and solvent B (acetonitrile, 0.1% formic acid).
The HPLC was carried out using an increasing gradient of sol-
vent B over a 30 min run, consisting of isocratic flow of 3%
solvent B for 10 min, followed by a gradient up to 97% solvent B
over 1 min, held at 97% solvent B for 2 min, and followed finally
with an equilibration step at 3% solvent B for 17 min. The charge
state envelopes corresponding to the ADCs were deconvoluted
using ProMass software (Thermo Fisher Scientific) to determine
the masses.

LC/MS/MS Analysis of ADC Tryptic Digestions. ADCs
(100 pg) were solubilized in 0.2% RapiGest (Waters Corp,
186001861) in 20 mM ammonium bicarbonate. The samples
were then incubated at 80 °C for 15 min. Dithiothreitol (DTT,
20 mM final concentration) was added and the samples were
incubated at 60 °C for 30 min to reduce disulfide bonds. After the
samples were cooled to room temperature, iodoacetamide (IAA,
1S mM final concentration) was added, and samples were
incubated at room temperature for 30 min in the dark to alkylate
reduced cysteines. Modified trypsin {Promega, cat#V5111) was
added (1:100 enzyme/substrate) and the samples were
incubated at 37 °C overnight. To hydrolyze the RapiGest prior
to mass spectrometry analysis, TFA was added to a final con-
centration of 60 mM, and the solution was incubated at 37 °C for
45 min, and then centrifuged at 20 800 g at 4 °C for 30 min.
Samples (2.5 ug of digested protein) were loaded into an Agilent
Poroshell 120 C18 column (2.1 X 100 mm, 2.7 gm), and eluted
at 45 °C with a flow rate of 0.3 mL/min. LC/MS/MS analysis
was performed using Agilent 1100 series HPLC system, coupled
to an Orbitrap Velos Pro (Thermo Scientific) mass spectrometer
with electrospray ion source. Peptides were separated by gradient
elution using water as mobile phase A, and acetonitrile as mobile
phase B, both containing 0.1% formic acid. The gradient elution
used was as follows: 0—2 min 3% B; 2—85 min 3—50% B; 83—
83.1 min 50—95% B; 83.1—85 min 95% B; 85—85.1 min 95—3%
B and 85.1-90 min 3% B. The Orbitrap Velos was operated in
information dependent acquisition (IDA) mode with CID
performed on the top 10 ions. The MS scan was performed in the
Orbitrap at 100 000 resolution, whereas the fragment spectra
were collected in the low pressure trap. Ion trap and Orbitrap
maximal injection times were set to 50 and 500 ms, respectively.
The ion target values were 30 000 for the ion trap, and 1 000 000
for the Orbitrap.

In Vitro Stability and Protease Inhibitor Assays. Plasma
samples from mouse, rat, cynomolgus monkey, and human were
purchased from BioreclamationIVT. In vitro stability assays were
carried out by incubating 0.125 mg/mL of ADC in 62.5% {v/v)
plasma diluted in 1x PBS. Protease inhibitors (Roche, Sigma)
were added to plasma at appropriate concentrations as needed.
In some assays, pH was adjusted by addition of 120 mM sodium
acetate pH 5.2, 120 mM potassium phosphate pH 6.0 or 7.4, or
120 mM Tris HCI pH 8.5. Following incubation at 37 °C for
20 h — 4.5 days, samples were diluted with an equal volume of
1X PBS, and conjugates were isolated using MabSelect SuRe
beads or M1S1 antigen coupled to CNBr-activated Sepharose
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(GE Healthcare, Inc.) following standard protocols. DAR values
were assessed using HIC or mass spectrometric methods.

In Vivo Stability Assays. Plasma samples were obtained
from mice 4.5 days following injection with 3 mg/kg cleavable
ADCs. Samples were diluted with an equal volume of 1X PBS
pH 7.4, and conjugates were isolated using MabSelect SuRe beads
or M1S1 antigen coupled to CNBr-activated Sepharose (GE
Healthcare, Inc.) following standard protocols. DAR values were
assessed using HIC or mass spectrometric methods.

Enzymatic Assays. Purified recombinant mouse and human
Cathepsin B were purchased from R&D Systems. Purified
human Cathepsin B from liver was purchased from Sigma.
Enzymes were activated in the presence of 1.2 mM L-cysteine and
0.75 mM EDTA at 40 °C for 10 min, and 0.5 ug/mL of enzyme
was reacted with 0.125 mg/mL Cl16 Site A-C6-VC-PABC-
Aur0101 substrate in one of the following buffers: 120 mM
sodium acetate pH 5.2, 120 mM potassium phosphate pH 6.0 or
7.4, or 120 mM Tris HCI pH 8.5. Appropriate concentrations of
protease inhibitors {Roche, Sigma) and 52.5% (v/v) mouse or
human plasma (Bioreclamation) were added to reactions prior to
the addition of substrate as desired. Following incubation at
37 °C for 20 h, conjugate was isolated using MabSelect SuRe
beads or M1S1 antigen coupled to CNBr-activated Sepharose
(GE Healthcare, Inc.) following standard protocols. DAR values
were assessed using HIC or mass spectrometric methods.

In Vitro Cytotoxicity Assays. In vitro cytotoxicity studies of
anti-M1S1 ADCs were performed on the high target-expressing
pancreatic adenocarcinoma BxPC3 cell line (M1S1+++), and the
target-negative colorectal adenocarcinoma SW620 cell line
(M1S1-). Cells were seeded on white-walled clear-bottom plates
at 2000 cells per well 24 h before treatment. Cells were treated
with 4-fold serially diluted ADCs in triplicate. Cell viability was
determined by CellTiter-Glo Luminescent Cell Viability Assay
96 (Promega, Madison, WI) 96 h after treatment. Relative cell
viability was determined as percentage of untreated control. IC,
values were calculated by GraphPad Prism $ software.

In Vivo Efficacy Studies. In vivo efficacy studies of ADCs
with different stabilities were performed with the high target-
expressing BxPC3 (M1S1+++) xenograft model. Two million
BxPC3 cancer cells were implanted subcutaneously into 5—8
weeks old female CB17 SCID mice, and tumor growth was
monitored until the tumor sizes reached around 200 mm?’.
Animals were randomized by tumor sizes into groups of 4—5, and
a single dose of either 3 mg/kg or 1.5 mg/kg of cleavable ADC
was administered through bolus tail vein injection. Tumor volume
was measured twice a week by a Caliper device and calculated with
the following formula: Tumor volume = (length X width®)/2.
Animals were euthanized once tumor volumes reached 2000 mm°.

Pharmacokinetics and in Vivo Stability Studies. For PK
and stability experiments, compounds were dosed IV through the
lateral tail vein at 3 mg/kg, and samples were withdrawn via retro-
orbital bleed under isoflurane anesthesia at appropriate time
points. For pharmacokinetic studies, a single intravenous dose of
3 mg/kg of ADC was administered into female CB17 SCID mice
(n = 3). Stability samples were obtained from the same group at
terminal bleeds.

Total Antibody PK Assay. Each well of a 96-well microtiter
plate (NUNC) was coated with 100 uL of goat anti-human IgG
antibody Fc specific (Pierce catf# 31125) at 1 ug/mL in 1X PBS
(Cell Gro). The plates were incubated at 4—8 °C overnight. All
washing steps were performed with a Biotek ELx405 plate washer
with 1X PBS/0.05% Tween. After washing 3 times, plates were
blocked with 200 uL of assay buffer (1x PBS/0.5% BSA/0.05%
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Polysorbate 20) and incubated for 1-2 h at room temperature
with gentle agitation. Plates were washed 3 times and 100 yL of
standards, controls, and samples diluted 1:100 in assay buffer
were added to the corresponding wells. After a 2 h incubation
with gentle agitation at room temperature, plates were washed
6 times before dispensing 100 yL of the detection antibody (anti-
human IgG, Fab specific, HRP-labeled from Sigma, cat#A0293)
diluted to 250 ng/mL in assay buffer. The plates were incubated
for one more hour with gentle agitation at room temperature
before washing 6 times. Then, 100 4L of TMB (KPL, SureBlue)
was added to each well. Color development was allowed for
approximately 5 min before stopping the reaction with 100 L
of 1 M phosphoric acid. Absorbance was measured at 450 nm
with a reference at 650 nm on a SpectraMax 340 plate reader
(Molecular Devices). SoftMax Pro 5.2 software was used to fit
standard curves with a 4-parameter regression, and to calculate
sample concentrations.

ADC PK Assay. Each well of a 96-well microtiter plate
(NUNC) was coated with 100 yL of goat anti-human IgG anti-
body at 2 pig/mL in 1X PBS (Cell Gro). The plates were in-
cubated at 4—8 °C overnight. All washing steps were performed
on a Biotek ELx405 plate washer with 1X PBS/0.05% Tween.
After washing 3 times, plates were blocked with 200 yL/well of
assay buffer (1x PBS/0.5% BSA/0.05% Polysorbate 20) and
incubated for 1-2 h at room temperature with gentle agitation.
Plates were washed 3 times and 100 uL of standards, controls,
and samples diluted 1:100 in assay buffer were added in duplicate
to the corresponding wells. After a 2 h incubation with gentle
agitation at room temperature, plates were washed 6 times before
dispensing 100 yL of the detection antibody (biotinylated anti-
MMAD monoclonal antibody, Pfizer) diluted to 4 pg/mL in
assay buffer. The plates were incubated for 1.5 h with gentle
agitation at room temperature before washing 6 times. Avidin-
HRP (Vector, cat A-2004) was diluted to 0.25 yg/mL in assay
buffer and 100 yL was dispensed into each well. Plates were
incubated for another hour before washing 6 times. Then, 100 gL
of TMB (KPL, SureBlue) was added to each well. Color develop-
ment was allowed for approximately 5 min before stopping the
reaction with 100 4L of 1 M phosphoric acid. Absorbance was
measured at 450 nm with a reference at 650 nm on a SpectraMax
340 plate reader (Molecular Devices). SoftMax Pro 5.2 software
was used to fit standard curves with a 4-parameter regression, and
to calculate sample concentrations.

Chemical Synthesis. Synthesis of C6-VC-PABC-MMAD
(AmCapValCitPABC-MMAD) was previously described.”
Synthesis of C6-VC-PABC-Aur0101 (AmCapValCitPABC-
Auristatin-0101) was as follows:

Fmoc-AmCapValCitPABA-OH (2). A solution of Fmoc-6-
aminohexanoic acid (4.2 g, 11.40 mmol) in anhydrous N,N-
dimethylformamide (S0 mL) was treated with N,N-diisopropy-
lethylamine (3.8 mL, 2.82 g, 21.8 mmol, 1.8 equiv) and HATU
(5.6 g, 14.75 mmol, 1.25 equiv) and the mixture was stirred at
room temperature for 10 min. 1-Valyl-N°-carbamoyl-N-[4-
(hydroxymethyl)phenyl]-L-ornithinamide ' (56 g 14.75 mmol,
1.25 equiv) was then added to the mixture and stirring was
continued for 15 h at room temperature. Dichloromethane was
added to precipitate the product, which was filtered and air-dried
to provide 5.9 g {100%) of the desired material as an off-white
solid. This material was used directly in subsequent reactions
without further purification. MS (ES) m/z: 715.6 [M + H]".

Fmoc-AmCapValCitPABC-PNP (3). A solution of
FmocAmCapValCitPABA-OH (500 mg, 0.7 mmol) and bis(4-
nitrophenyl)carbonate (638 mg, 2.1 mmol, 3 equiv) in anhydrous
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N,N-dimethylformamide (3 mL) was treated with N,N-
diisopropylethylamine (365 uL, 270 mg, 2.1 mmol, 3 equiv)
and the reaction was stirred at room temperature overnight. The
reaction mixture was concentrated in vacuo and the resulting
residue was purified by silica gel chromatography using gradient
elution of 0—25% methanol in dichloromethane over 15 min,
followed by isocratic elution of 25% methanol in dichloro-
methane. Pooled product-containing fractions were evaporated
to provide 402 mg (68%) of the desired product as an off-white
solid. MS (ES) m/z: 8803 [M + HJ*.

N-(6-Aminohexanoyl)-t-valyl-N-{4-[(85,11S,12R)-11-[(2S)-
butan-2-yll-12-(2-{(2S)-2-[(1R,2R)- 1-methoxy-2-methyl-3-oxo-3-
{[(15)-2-phenyl-1-(1,3-thiazol-2-yl)ethyl] amino}propyllpyrrolidin-
1-yl}-2-oxoethyl)-5,5,10-trimethyl-3,6,9-trioxo-8-(propan-2-yl)-
2,13-dioxa-4,7,10-triazatetradec-1-yllphenyl}-N°-carbamoyl-L-
ornithinamide (AmCapValCitPABC-Auristatin-0101, 5). A
solution of 2-methylalanyl-N-[(3R,4S,5S)-3-methoxy-1-{(2S)-
2-[(1R,2R)-1-methoxy-2-methyl-3-0x0-3-{[(1S)-2-phenyl-1-
(1,3-thiazol-2-yl)ethyl]Jamino }propylJpyrrolidin-1-yl}-S-methyl-
1-oxoheptan-4-yl] -N-methyl—L—va]inamidew (105 mg, 0.141 mmol),
FmocAmCapValCitPABC-PNP (138 mg, 0.157 mmol), HOAt
(6.40 mg, 0.047 mmol), and 2,6-lutidine (91 uL, 84 mg, 0.783
mmol) in N,N-dimethylformamide (1.4 mL) was heated at 45 °C
for 21 h. Additional FmocAmCapValCitPABC-PNP (31 mg,
0.035 mmol), HOAt (3.83 mg, 0.028 mmol), and 2,6-lutidine
(16 uL, 15 mg, 0.141 mmol) were then added, the reaction was
heated at 40 °C for an additional 6 h, and then kept at room
temperature overnight. LCMS analysis indicated that the reaction
contained a mixture of compounds 4 and S. Piperidine (0.5 mL) was
added and the reaction stitred at room temperature for 1 h. LCMS
analysis indicated that the Fmoc-deprotection reaction was complete,
and the reaction was concentrated and the residue was and purified
by reverse phase chromatography over a 100 X 30 mm’ S pm
Phenomenex Luna C18 column using flow rate of 20 mL/min and
gradient elution of 10—85% acetonitrile in water containing 0.02%
trifluoracetic acid over 20 min. Pooled product-containing fractions
were concentrated and lyophilized to provide 97 mg (54%) of the
desired product (5) as white solid. MS (ES): m/z 1062.3[M + H]".
This material was greater than 95% pure by analytical HPLC and the
'H NMR was consistent with the assigned structure.
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Amendments to the Claims:

This listing of claims will replace all prior versions, and listings, of claims in the

application:

Listing of Claims:

1. (Canceled)

2. (Previously Presented) An antibody-drug conjugate or a pharmaceutically
acceptable salt thereof, comprising an anti-epidermal growth factor receptor antibody
covalently linked to a cytotoxic agent via a cleavable linker, wherein the anti-epidermal
growth factor receptor antibody comprises a heavy chain and a light chain, wherein the
heavy chain has a variable region comprising CDR1, CDR2 and CDR3 having sequences as
shown in SEQ ID NOs: 5 to 7, and the light chain has a variable region comprising CDR1,
CDR2 and CDR3 having sequences as shown in SEQ ID NOs: 12 to 14.

3. (Previously Presented) The antibody-drug conjugate or the pharmaceutically
acceptable salt thereof according to claim 2, wherein FR1, FR2, FR3, FR4 of the variable
region of the heavy chain of the anti-epidermal growth factor receptor antibody

respectively comprise sequences as shown in SEQ ID NOs: 8 to 11.

4. (Currently Amended) The antibody-drug conjugate or the pharmaceutically
acceptable salt thereof according to claim 2, wherein FR1, FR2, FR3, FR4 of the variable
region of the light chain of the anti-epidermal growth factor receptor antibody respectively

comprise sequences as shown in SEQ ID NOs: 15 to 18;.

5. (Previously Presented) The antibody-drug conjugate or the pharmaceutically
acceptable salt thereof according to claim 2, wherein the heavy chain of the anti-epidermal

growth factor receptor antibody has a constant region selected from the group consisting of
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a human IgG constant region, a human IgM constant region, a human IgA constant region,

and a human IgD constant region.

6. (Previously Presented) The antibody-drug conjugate or the pharmaceutically
acceptable salt thereof according to claim 5, wherein the IgG is selected from the group

consisting of IgG1, IgG2, IgG3 and IgG4.

7. (Currently Amended) The antibody-drug conjugate or the pharmaceutically
acceptable salt thereof according to claim 5, wherein the constant region of the heavy chain

of the anti-epidermal growth factor receptor antibody comprises an amino acid sequence as

shown in SEQ ID NO: 3-erecomprises—asequence—with-antdentity—of greater—than906%;

[1] [1]
>

8. (Previously Presented) The antibody-drug conjugate or the pharmaceutically
acceptable salt thereof according to claim 2, wherein the light chain of the anti-epidermal
growth factor receptor antibody has a constant region selected from the group consisting of

a human lambda constant region, and a human kappa constant region.

9. (Currently Amended) The antibody-drug conjugate or the pharmaceutically
acceptable salt thereof according to claim 8, wherein the constant region of the light chain

of the anti-epidermal growth factor receptor antibody comprises an amino acid sequence as

shown in SEQ ID NO: 4-erecomprises—a—sequence—with-an—tdentity—of-greater—than906%:;

0 0
>

10. (Previously Presented) The antibody-drug conjugate or the pharmaceutically
acceptable salt thereof according to claim 2, which has a structure as shown in Formula I,
Ab-(L-D)p
Formula |
wherein:

Ab represents the anti-epidermal growth factor receptor antibody;
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L represents a cleavable linker;
D represents the cytotoxic agent;

p represents 1-9.

11. (Previously Presented) The antibody-drug conjugate or the pharmaceutically
acceptable salt thereof according to claim 10, wherein the cytotoxic agent is selected from
the group consisting of chemotherapeutic agents, radioisotopes, antibiotics, enzymes, and

biologically active peptides.

12. (Previously Presented) The antibody-drug conjugate or the pharmaceutically
acceptable salt thereof according to claim 11, wherein the cytotoxic agent is selected from
the group consisting of Monomethyl auristatin E (MMAE), Monomethyl auristatin F
(MMAF), maytansinoid alkaloids, Calicheamicin, duocarmycin MGBA, doxorubicin, ricin,

diphtheria toxin, 131, and tumor necrosis factors.
13. (Canceled)

14. (Previously Presented) The antibody-drug conjugate or the pharmaceutically
acceptable salt thereof according to claim 10, wherein the linker is selected from the group
consisting of valine-citrulline (val-cit), alanine-phenylalanine (ala-phe), N-succinimidyl 4-(2-
pyridylthio)valerate (SPP), and 6-maleimidocaproyl-valine-citrulline-p-
aminobenzyloxycarbonyl (MC-vc-PAB).

15. (Previously Presented) The antibody-drug conjugate or the pharmaceutically

acceptable salt thereof according to claim 10, which is:

o I HET H OH
o) O/\o N ﬁl}l N NTI\G
N\/\/\*vm-cn—” o 0.0 6.0 _
p

wherein Ab represents the anti-epidermal growth factor receptor antibody, p is 1-8.

Ab-S

O
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16. (Previously Presented) A composition, which comprises the antibody-drug
conjugate or the pharmaceutically acceptable salt thereof according to claim 2, optionally,

further comprises at least one pharmaceutically acceptable carrier, diluent or excipient.

17.-22. (Canceled)

23. (Previously Presented) A method for treatment of a disease associated with epidermal
growth factor receptor (EGFR), comprising: administering to a subject in need a
therapeutically effective amount of the antibody-drug conjugate or the pharmaceutically

acceptable salt thereof according to claim 2.

24. (Previously Presented) The method according to claim 23, wherein the disease
associated with epidermal growth factor receptor (EGFR) is a tumor associated with

overexpression of EGFR.

25. (Previously Presented) A method for inhibiting tumor angiogenesis, delaying tumor
progression, inhibiting tumor growth, or inhibiting tumor cell proliferation, comprising:
administering to a subject in need a therapeutically effective amount of the antibody-drug

conjugate or the pharmaceutically acceptable salt thereof according to claim 2.

26. (Original) The method according to claim 25, wherein the tumor is selected from
colon cancer, rectal cancer, head and neck cancer, lung cancer, ovarian cancer, cervical cancer,
bladder cancer, esophageal cancer, breast cancer, renal cancer, prostate cancer, gastric cancer,

pancreatic cancer and brain glioma.

27. (Previously presented) The method according to claim 24, wherein the tumor is a

tumor with KRAS gene mutation.
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28. (Previously Presented) The method according to claim 24, wherein the tumor is a

tumor with BRAF gene mutation.

29.-34. (Canceled)

35. (Previously Presented) The method according to claim 26, wherein the tumor is a

tumor with KRAS gene mutation.

36. (Previously Presented) The method according to claim 26, wherein the tumor is a

tumor with BRAF gene mutation.

37. (Previously Presented) The antibody-drug conjugate or the pharmaceutically acceptable
salt thereof according to claim 10, wherein the linker is 6-maleimidocaproyl-valine-citrulline-p-

aminobenzyloxycarbonyl (MC-vc-PAB).
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REMARKS

Reconsideration of the present application in view of the above amendments and the

following remarks are respectfully requested.

Claims 2-12, 14-16, 23-28, and 35-37 are pending. Claims 4, 7 and 9 have been
amended. Such amendments have been made to facilitate allowance and without acquiescing to

the rejections in the Office Action or disclaimers. No new matter has been added.

As an initial matter, Applicant thanks the Examiner for withdrawing the finality of the
previous Office Action. Applicant also thanks the Examiner for allowing claims 27, 28, 35 and

36.

Rejections Under §103

Claims 2-12, 14-6, 23-26 and 37 are rejected under 35 U.S.C 103 as unpatentable over
Tikhomirov (W02015/000062, D1) in view of Liu (CN103772504, D2), Brand et al. (Cancer
Biology & Therapy 11:777-92, 2011, D3), Chung et al. (New England Journal of Medicine
358:1109-17, 2008, D4) and Doronina et al. (Cancer Research 17:114-124, 2006, DS).

Applicant respectfully traverses this rejection. In its previous submission filed December
16, 2019, Applicant argued against the previous obviousness rejection over D1 in view of D2,
D3 and D4, and submitted that (1) one of ordinary skill in the art would not have been motivated
by the cited references to use a cleavable linker to arrive at the antibody-drug conjugate (ADC)
or a pharmaceutically acceptable salt thereof as claimed in the present application, and (2) the
ADC claimed in the present application is not obvious due to its unexpectedly superior property

as demonstrated in Example 6 of the present application.

In this Office Action, in addition to D1 to D4, DS is cited to support the assertion that it
would have been prima facie obvious to use a cleavable linker rather than a non-cleavable linker

in cases where the linked drug loses activity as a result of modification of the released drug such

as MMAE.
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Applicant respectfully disagrees and submits that one skilled in the art would not have
been motivated by the cited references, including newly cited D5, to use a cleavable linker to
arrive at the ADC or a pharmaceutically acceptable salt thereof as claimed in the present
application.  First, D5 relates to enhanced activity of monomethylauristatin F through
monoclonal antibody delivery and analysis of linker technology on efficacy and toxicity. The
antibody used in D5 is an anti-CD30 antibody, cAC10. Because the target to which an ADC
binds influences the efficacy of the ADC, and because the target of the ADC of D5 is different
from the target of the claimed ADC of the present application, EGFR, D5 fails to provide a
sufficient motivation for one of ordinary skill to use a cleavable linker to link an anti-EGFR
antibody and MMAE together. Specifically, Polson ef al., Cancer Res 69:2358-64, 2009 (cited
in the Office Action dated October 18, 2019) shows that the efficacies of ADCs with the same
linker and drug combination were different if the targets of the ADCs were different. It further

discloses:

In vitro data suggest that the biology of the target, in particular, the extent of
trafficking to the lysosomal compartment, will influence the effectiveness of the
ADC (7-10). In vivo, the situation is even more complex; the extracellular
microenvironment, and the intracellular trafficking of the target the longer
exposure times (weeks instead of days), in combination with the linker-drug used,
will determine where, to what extent, and in what form the cytotoxic drug is
released and thus which linker-drug combinations are both effective and safe. See
the first full paragraph in the right column on page 2358.

Thus, one skilled in the art would not have been motivated to use a cleavable linker with MMAE
in an ADC with a target different from CD30 simply because D5 uses a cleavable linker and
MMAE combination in an anti-CD30 ADC.

Second, even for the sake of argument assuming one had used a cleavable linker with
MMAE, such a person would not have modified the ADC of D1 to substitute its antibody
component with the antibody of D2. This is because Example 4 of D1 disclose that “Figure 13
shows that conjugation of cetuximab to MMAE by a cleavable linker (valine-citrulline)
potentiates its toxicity against normal cells and MDA-MB-468 cancer cells, whereas
conjugation via non-cleavable linker (SMCC) potentiates anti-cancer activity” (emphasis

added). In addition, Example 4 of D1 further states:



Application No. 15/550,995
Reply to Office Action dated January 17, 2020

Thus, in these studies, only fully antagonistic anti-EGFR antibodies were not
potentiated on normal cells by payload conjugation via non-cleavable linkers,
whereas toxicity against normal cells of partial antagonist EGFR antibodies was
potentiated by conjugation. Moreover, we subsequently tested the effect on this
activity profile of the cleavable vs. non-cleavable linkers, while maintaining
payload mechanism of action the same (i.e. anti-microtubule agent). The
antibodies were conjugated via cleavable linker to anti-microtubule payload,
MMAE as described by Doronina et al, Nature Biotechnology Nov 7, 2003, Vol
21: pp 778-784. Cleavable linker data demonstrate that when the fully
antagonistic antibodies are conjugated to their payloads via cleavable linkers,
their toxicity against normal cells is potentiated. Thus, a safe anti-EGFR
ADC should incorporate a strongly antagonistic anti-EGFR antibody linked
to an anti-microtubule payload by a non-cleavable linker. See the paragraph
bridging pages 29 and 30 (emphasis added).

Thus, in view of the disclosure of D1, one of ordinary skill in the art would be discouraged from
using a cleavable linker in incorporating a strongly antagonistic anti-EGFR antibody into an
ADC due to potentiated toxicity against normal cells of such ADCs. Using a cleavable linker in
generating anti-EGFR ADCs would eliminate or at least reduce the primary benefit of the
invention disclosed in D1, that is, potentiating anti-cancer activities of ADCs without increasing
their cytotoxicity against normal cells. As discussed in detail in Applicant’s submission of
December 16, 2019, cytotoxicity against normal cells of ADCs is a significant concern that
resulted in dose reduction, discontinuation of treatment, and exploration of conjugates based on

antibodies targeting mutated EGFR or with partial antagonistic activity against EGFR (see the

paragraph bridging pages 11 and 12 of the previous response). Due to such a concern and
because of the explicit teaching in the above-quoted paragraph of D1, even if one of ordinary
skill in the art were to use an optional and less desirable cleavable linker (which is mentioned
only once in D1), such a person would use it in combination with an antibody having partial

antagonistic activity against EGFR, not a strongly antagonistic anti-EGFR antibody, such as the

antibody of D2, which has higher binding affinity and ligand blocking abilities than cetuximab as
acknowledged in the Office Action (see the last paragraph on page 7 of the Office Action). In
addition, one skilled in the art would give more weight to D1 than D5 because unlike D5, the
ADCs of D1 target the same EGFR protein as those claimed in the present application.

In addition to DS, the Office Action also cites Erickson ef al. (Molecular Cancer

Therapeutics 11: 1133-42, 2012, D6). D6 relates to the effect of different linkers on target cell
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catabolism and pharmacokinetics/pharmacodynamics of trastuzumab (anti-HER2 antibody)
maytansinoid conjugates. Applicant is not very clear about the reason for citing D6 in the Office
Action. D6 seems to be used in the Office Action to allege that it was known in the art that DM
could be linked to either a cleavable linker or a non-cleavable linker whereas MMAE could only
be linked to a cleavable linker. Again, as discussed above, the efficacy of an ADC is not only
influenced by its linker and payload, but also by its target. Thus, one of ordinary skill in the art
would not have combined a particular type of linker with a given payload to generate an ADC
regardless the target of the ADC. One skilled in the art would also give more weight to D1 than
D6 because unlike D6, the ADCs of D1 target the same EGFR protein as those claimed in the

present application.

The Office Action further cites Dorywalska et al. (Bioconjugate Chemistry 26: 650-9,
2015, D7) to rebut Applicant’s previous arguments related to toxicity against normal
keratinocytes disclosed in D1. It is asserted in the Office Action that because the in vifro assay
of D1 was done in the presence of 10% fetal bovine serum (FBS), and because D7 teaches that
plasma from different sources comprise a factor, which cleaves VC-PABC resulting in drug loss
from the ADC, one of skill in the art would “reasonably conclude that increased toxicity
observed by Tikhomirov et al against keratinocytes in vitro on exposure to the cleavable DM1
conjugate was the result of exposure to untargeted DM1 rather than targeted DM1 relying on

uptake by Her2 internalization” (see the first full paragraph on page 9 of the Office Action).

Applicant respectfully disagrees. D7 relates to effect of attachment site on stability of
cleavable antibody drug conjugates. D7 tested stability of the cleavable C6-VC-PABC-Aur0101
conjugate series in mouse, rat, cynomolgus monkey, and human plasma, and found that among
the four sources of plasma, mouse plasma caused high levels of cleavage of ADCs, rat plasma
caused low levels of cleavage, but cynomolgus monkey and human plasma caused practically no
cleavage (see Table 1, the paragraph bridging pages 652 and 653). Nowhere in D7 shows that
FBS caused cleavage of ADCs. In addition, because only mouse plasma among the 4 tested
sources of serum caused significant cleavages of ADCs, one of ordinary skill in the art would not
reasonably expect that another untested source of serum would also cause significant cleavages
of ADCs. Accordingly, such a person would not interpret the toxicity against normal

keratinocytes of ADCs with cleavable linkers disclosed D1 as resulting from the use of FBS in

10
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its in vitro assay. In addition, it is worth noting that the Office Action seems to take an
inconsistent position regarding D1: On one hand, it uses D1 as the primary reference to combine
with the other cited references, but on the other hand, it cites D7 to discredit the primary teaching

of D1.

In view of the above remarks, Applicant submits that this rejection has been overcome.

Withdrawal of this rejection is respectfully requested.

Rejections Under §112

Claims 7 and 9 are rejected under 35 U.S.C. 112, first paragraph, as failing to meet the

written description requirement due to their recitations of percentage sequence identity.

To facilitate allowance and without acquiescing to this rejection, Applicant has amended
claims 7 and 9 to delete the recitations of percentage sequence identity. Accordingly, this

rejection has been overcome.

The Director is authorized to charge any additional fees due by way of this Amendment,
or credit any overpayment, to our Deposit Account No. 19-1090.
Respectfully submitted,
SEED Intellectual Property Law Group LLP

/Qing Lin/
Qing Lin, Ph.D.
Registration No. 53,937

QXL:bgh

701 Fifth Avenue, Suite 5400
Seattle, Washington 98104-7092
Phone: (206) 622-4900

Fax: (206) 682-6031

7177189.1
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(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individuat [ Corporation or other private group entity (] Government

4a. Fees submitted: [ Missue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)

(] The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date

Typed or printed name Registration No.

Page 2 of 3
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.UsSpto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
15/550,995 08/14/2017 Chaohong Hu 850231.401USPC 1813
500 7590 06/18/2020 | EXAMINER |
SEED INTELLECTUAL PROPERTY LAW GROUP LLP CANELLA, KAREN A
701 FIFTH AVE
SUITE 5400 | ART UNIT PAPER NUMBER |
SEATTLE, WA 98104 1643

DATE MAILED: 06/18/2020

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. Arecord from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.



Application No. Applicant(s)
; . 15/550,995 Hu, Chaohong
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
KAREN A CANELLA 1643 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the corresponderice address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to the response filed 3-26-2020.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are See Continuation Sheet . As a result of the allowed claim(s), you may be eligible to benefit from the
Patent Prosecution Highway program at a participating intellectual property office for the corresponding application. For more

information, please see http://www._uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to
PPHfeedback@uspto.gov.

4 [} Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) MIAIl by (J Some  *c) (J None of the:
1. Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No.

3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(3 including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6.[] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.[J Notice of References Cited (PTO-892) 5. ¥} Examiner's Amendment/Comment

2. Information Disclosure Statements (PTO/SB/08), 6. (J Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. [0 Other .

of Biological Material

4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/Karen A. Canella/

Primary Examiner, Art Unit 1643

U.S. Patent and Trademark Office i
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20200612




Continuation Sheet (PTOL-37) Application No. 15/550,995

Continuation of 3. The allowed claim(s) is/are: 2-12,14-16,23-28 and 35-37



Application/Control Number: 15/550,995 Page 2
Art Unit: 1643

EXAMINER'S AMENDMENT
An examiner’s amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the

payment of the issue fee.

The application has been amended as follows:

In claim 4:

“18;” has been replaced by ---18---.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to KAREN A CANELLA whose telephone number is (571)272-
0828. The examiner can normally be reached on M-F 10-6:30.

Examiner interviews are available via telephone, in-person, and video conferencing using
a USPTO supplied web-based collaboration tool. To schedule an interview, applicant is
encouraged to use the USPTO Automated Interview Request (AIR) at
http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Julie Wu can be reached on 571-272-5205. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see https://ppair-my.uspto.gov/pair/PrivatePair. Should you have questions on access to
the Private PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-
free). If you would like assistance from a USPTO Customer Service Representative or access to
the automated information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-
1000.



Application/Control Number: 15/550,995 Page 3
Art Unit: 1643

KAREN A. CANELLA
Examiner
Art Unit 1643

/Karen A. Canella/
Primary Examiner, Art Unit 1643



Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Noles 15/550,995 Hu, Chaohong
T -
KAREN A CANELLA 1643
CPC - Searched*
Symbol Date Examiner
AB61K47/6889 01/08/2020 kac
AB61KA47/6849 01/08/2020 kac
AB61K38/1808 01/08/2020 kac
AB61K47/6889 06/13/2020 kac
AB61K39/001104 06/13/2020 kac
CPC Combination Sets - Searched*
Symbol Date Examiner
US Classification - Searched*
Class Subclass Date Examiner

* See search history printout included with this form or the SEARCH NOTES box below to determine the scope of

the search.

/Karen A. Canella/
Primary Examiner, Art Unit 1643

U.S. Patent and Trademark Office

Page 1 of 2

Part of Paper No.: 20200612



Application/Control No.

Applicant(s)/Patent Under Reexamination

Search Noles 15/550,995 Hu, Chaohong
NNV [=-e
KAREN A CANELLA 1643

Search Notes
Search Notes Date Examiner
STN 03/16/2019 kac
West 03/31/2019 kac
inventor [DAV] 03/31/2019 kac
West 10/13/2019 kac
inventor [DAV] 10/13/2019 kac
West 01/08/2020 kac
inventor [DAV] 01/08/2020 kac
STNext 06/13/2020 kac
West 06/13/2020 kac
inventor [DAV] 06/13/2020 kac
Interference Search
g?n?;zfs/CPC US Subclass/CPC Group Date Examiner

West Interference 06/13/2020 kac

/Karen A. Canella/

Primary Examiner, Art Unit 1643

U.S. Patent and Trademark Office

Page 2 of 2

Part of Paper No.: 20200612



Application/Control No.
Issue Classification |sss0 995

Applicant(s)/Patent Under Reexamination

Hu, Chaohong

H “ ‘HH Examiner Art Unit
KAREN A CANELLA 1643

CPC
Symbol Type Version
AB61K 47 6811 F 2017-08-01
AG1P 9 10 | 2018-01-01
AG1P 35 00 | 2018-01-01
AB61K 47 6803 | 2017-08-01
AB61K 47 6851 | 2047-08-01
CO7K 16 2863 | 2013-01-01
AB1K 39 001104 | 2018-08-01
AB1K 38 1808 | 2013-01-01
AB61K 39 0011 | 20130101
GO1N 2030 8809 A 2013-01-01
AB1K 2039 505 A 2013-01-01
CO7K 2317 76 A 2043-01-01
CO7K 2317 24 A 2013-01-01
CO7K 2317 73 A 2043-01-01
GO1N 2030 027 A 2013-01-01
CPC Combination Sets
Symbol Type Set Ranking Version
NONE

Total Claims Allowed:
(Assistant Examiner) (Date) 23
{:tf.?r;znryAESaar?]ﬁ::{ Art Unit 1643 13 June 2020 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 none

U.S. Patent and Trademark Office
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Part of Paper No.: 20200612



/ssue Classification

Application/Control No. Applicant(s)/Patent Under Reexamination

15/550,995 Hu, Chaohong
Examiner Art Unit
KAREN A CANELLA 1643

INTERNATIONAL CLASSIFICATION

CLAIMED

ABG1K47/68 47
AG1P35/00 35
ABG1K39/00 39
CPCONLY NLY
NON-CLAIMED

AG1P9/10 9
C07K16/28 16
ABG1K38/18 38
GO01N30/88 30
GO01N30/02 30

US ORIGINAL CLASSIFICATION

CLASS

SUBCLASS

CROSS REFERENCES(S)

CLASS

SUBCLASS (ONE SUBCLASS PER BLOCK)

NONE

Total Claims Allowed:
(Assistant Examiner) (Date) 23
/Karen A. Canella/ 13 June 2020 ) , N
Primary Examiner, Art Unit 1643 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 none

U.S. Patent and Trademark Office

Page 2 of 3

Part of Paper No.: 20200612



/ssue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

15/550,995 Hu, Chaohong
Examiner Art Unit
KAREN A CANELLA 1643

(O Claims renumbered in the same order as presented by applicant (J CPA (3 T.D. [ R.1.47

CLAIMS
Final |Original]Final |Original|Final [Original|Final [Original|Final [Original]Final |Original]Final |Original|Final |Original

- 1 9 10 - 19 21 28 14 37

1 2 10 11 - 20 - 29

2 3 11 12 - 21 - 30

3 4 - 13 - 22 - 31

4 5 12 14 16 23 - 32

5 6 13 15 17 24 - 33

6 7 15 16 18 25 - 34

7 8 - 17 19 26 22 35

8 9 - 18 20 27 23 36
NONE

Total Claims Allowed:

(Assistant Examiner) (Date) 23
/Karen A. Canella/ 13 June 2020 ) ) N
Primary Examiner, Art Unit 1643 O.G. Print Claim(s) | O.G. Print Figure
(Primary Examiner) (Date) 1 none

U.S. Patent and Trademark Office

Page 3 of 3

Part of Paper No.: 20200612



Search History Transcript Page 1 of 1

WEST Search History

DATE: Saturday, June 13, 2020

Hide? Set Name Query Hit Count
DB=PGPB,USPT; PLUR=NO; OP=ADJ
L8 L7andL2 1
i L7 L6orLs5 37
L6  (SHANGHAI MIRACOGEN)![asn] 1
L5 (Hu, Chaohong)[in] 36
W L4 LlandL2 1
L3  (A61K47/6851)![CPC,CPCL] 2749
L2  (A61K39/001104)![CPC,CPCL] 198
L1  (A61K47/6889)![CPC,CPCL] 1218

END OF SEARCH HISTORY

http://jupiter8:42900/bin/cgi-bin/srchhist. pl?state=q619qe. 12. 1& f={fsearch&userid=kcanell... 6/13/2020



Ll

L2

L3

L4

L5
L6

L7

(FILE 'HOME' ENTERED AT 03:11:37 ON 13 JUN 2020)

FILE

FILE

FILE

FILE

FILE

D SET
D CLUSTER

"REGISTRY' ENTERED AT 03:11:52 ON 13 JUN 2020
2 SEA FILE=REGISTRY NYDVH(.) {1-}VIWSGGNTDYNTPFTS(.) {1-}ALDYYDYEFA
Y/SQSP
D LC TOT

'CAPLUS' ENTERED AT 03:12:56 ON 13 JUN 2020
3 SEA FILE=CAPLUS Ll
D TI BIB HITSEQ HITRN TOT

'USPATFULL' ENTERED AT 03:15:15 ON 13 JUN 2020
2 SEA FILE=USPATFULL Ll
D HITSTR 2
D BIB HITSTR TOT

'DGENE' ENTERED AT 03:20:17 ON 13 JUN 2020
RUN GETSEQ
17 SEA FILE=DGENE NYDVH(.){1l-}VIWSGGNTDYNTPFTS(.){1l-}ALDYYDYEFAY/S
QSP
0 SEA FILE=DGENE L4 AND @AD<20160216
2 SEA FILE=DGENE L4 AND AD<20160216
D BIB SEQ TOT

'USGENE' ENTERED AT 03:25:32 ON 13 JUN 2020
RUN GETSEQ
4 SEA FILE=USGENE NYDVH(.) {1-}VIWSGGNTDYNTPFTS(.){1-}ALDYYDYEFAY/
SQSP
D TI PN SEQN TOT
D BIB 1-3
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Foreign Priority claimed: ® ves OnNo
35 USC 119 (a-d) conditions met: Yes D No D Met After Allowance
Verified and Acknowledged: |/Karen A. Canella/ | |
Examiner's Signature Initials
Title: |Antib0dy—Drug Conjugate
FILING or 371(c) DATE CLASS GROUP ART UNIT ATTORNEY DOCKET NO.
08/14/2017 424 1643 850231.401USPC
RULE
APPLICANTS

SHANGHAI MIRACOGEN INC, SHANGHAI, CHINA
INVENTORS

Chaohong Hu SHANGHAI, CHINA
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To: USPTOeAction@SeedIP.com,pairlinkdktg@seedip.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 500

Jun 18, 2020 09:34:58 AM
Dear PAIR Customer:

SEED INTELLECTUAL PROPERTY LAW GROUP LLP
701 FIFTH AVE

SUITE 5400

SEATTLE, WA 98104

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 500 , have new
outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15550995 NOA 06/18/2020 850231.401USPC

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM



UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O.Box 1450 |

Alexandria, Virginia 22313-1450

WWW.USPLO.gov

I APPLICATION NO. FILING DATE l FIRST NAMED INVENTOR IATTORNEY DOCKET NO. CONFIRMATION NO. I
15/550,995 0RN14/2017 Chaoheng Hu 850231.401USPC 1813
I EXAMINER |
7590 071292020
SEED INTELLECTUAL PROPERTY LAW GROUP LLP CANELLA, KAREN A
701 FIFTH AVE
SUITE 5400 I ART UNIT ] PAPER NUMBER |
SEATTLE, WA 98104 1643
I NOTIFICATION DATE | DELIVERY MODE |
07/29/2020 ELECTRONIC

NOTICE REQUIRING INVENTOR’S OATH OR DECLARATION

4 An inventor’s oath or declaration in compliance with 37 CFR 1.63 or substitute statement in compliance with 37 CFR 1.64
executed by or with respect to each inventor has not yet been submitted.

The inventor’s oath or declaration or substitute statement dated is defective. The inventor’s oath or declaration
does not comply with 37 CFR 1.63 or the substitute statement does not comply with 37 CFR 1.64 because it:

(J does not include a statement that the person executing the oath or declaration or substitute statement believes the named
inventor or joint inventor to be the original inventor or an original joint inventor of a claimed invention in the application for
which the oath or declaration is being submitted.

0 does not state that the application was made or was authorized to be made by the person executing the oath or declaration or
substitute statement,

Q) does not acknowledge that any willful false statement made in such oath or declaration or substitute statement is punishable
under section 1001 of title 18 by fine or imprisonment of not more than 5 years, or both.

O does not identify the person executing the oath or declaration or substitute statement by his or her legal name.
O does not identify the application to which the oath or declaration or substitute statement is directed.
0O Other:

The substitute statement dated does not comply with 37 CFR 1.64 because it:
O does not identify the inventor with respect to whom the statement applies.

Q does not identify the relationship to the non-signing inventor.

O does not identify the circumstances permitting execution of the statement.

O was signed by someone other than the applicant.

O Other:

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR 1.64, executed
by or with respect to each inventor MUST be filed no later than the date on which the issue fee is paid. See 35 U.S.C.
115(f). Failure to timely comply will result in ABANDONMENT of this application. This period for reply is not extendable
under 37 CFR 1.136(a).

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200.

(571)-272-4200 or 1(888)-786-0101
Patent Publication Branch
Office of Data Management



To: USPTOeAction@SeedIP.com,pairlinkdktg@seedip.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 500

Jul 30, 2020 03:56:45 AM
Dear PAIR Customer:

SEED INTELLECTUAL PROPERTY LAW GROUP LLP
701 FIFTH AVE

SUITE 5400

SEATTLE, WA 98104

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 500 , have new
outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15550995 M327 07/29/2020 850231.401USPC

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM



PTO/AIO1 (06-12}

Approved for use threugh 11/3012020. OMB 0651-0032

118, Patent and Trademark Qffice; UL.5. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1895, no persons are required ta respond fo a collzction of information unless it displays a valid OMB conirol number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of | ANTIBODY-DRUG CONJUGATE

Invention

As the below named inventor, | hereby declare that:

This declaration Bt
is directed to- The attached applicalion, or

15/550,995

E] United States application or PCT international application number

August 14, 2017

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any wiliful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five {8) years, or both.

WARNING:

Petitionar/applicant is cautioned to avold submitting personal information in documents filed in a patent application that may
contribute to identily theft. Personal information such as social security numbers, bank accourtt numbers, or credil card numbers
{other than a check or credit card authorization form PT0O-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. if this type of personal information is included in documents submitted to the USPTO,
petitioners/applicants should consider redacting such personat information from the documents before submitting them ta the
USPTO. Pstitionerfapplicant is advised that the record of a patent application is available to the puttic after publication of the
application {unless a non-publication request in cornpliance with 37 CFR 1.213(a} is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available {o the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14}. Checks and credit card authorization forms
PT0O-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Chaohong HU ), Date {Optional) : Auﬁ 18‘; Zl]za

b Jn

”
(4 p* F v

nventor:

Signature:

Note: An application data sheet (PTO/SB/14 or edulvalent), including naming the enfire invantive entity, mus!t accompany this form or must have
been previously filed. Use an additional PTQ/ATA/D1 form for each additiona! inventor.

This colfection of information is required by 35 U.S.C. 115 and 37 CFR 1.83. The information is required to obtain of retain a benelit by the public which is to file {and
by the UBPTO to pracess) an application, Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14, This collechon is estimated to take 1 minute to
cemplets, including gatharing, preparing, and submitling the comgleted application fornn to the USPTO. Time will vary depending upon the individual case, Any
comments on the amount of Yme you sequire to complete this form andior suggestions for reducing this burden, should be seat 1o the Chlaf Information Ghicer, U.8.
Patent and Trademark Office, 1.8, Departrmant of Cammaree, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMSE TO
THIS ADDRESS. SEND TO: Comamissioner for Patents, P.Q. Box 1450, Alexandria, VA 22313-1450.

If you need sssistance in completing the form, call 1-800-PT0-8199 and select option 2.



Electronic Patent Application Fee Transmittal

Application Number: 15550995

Filing Date: 14-Aug-2017

Title of Invention: Antibody-Drug Conjugate
First Named Inventor/Applicant Name: Chaohong Hu

Filer: Qing Lin/Barbara Hannon
Attorney Docket Number: 850231.401USPC

Filed as Small Entity

Filing Fees for U.S. National Stage under 35 USC 371

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
OATH/DECL > 30 MOS FROM 371 COMMENCEMENT 2617 1 70 70

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:




Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

70




Electronic Acknowledgement Receipt

EFS ID: 40310723
Application Number: 15550995
International Application Number:
Confirmation Number: 1813

Title of Invention:

Antibody-Drug Conjugate

First Named Inventor/Applicant Name:

Chaohong Hu

Customer Number:

500

Filer:

Qing Lin/Barbara Hannon

Filer Authorized By:

Qing Lin

Attorney Docket Number:

850231.401USPC

Receipt Date: 18-AUG-2020
Filing Date: 14-AUG-2017
Time Stamp: 12:33:21

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $70

RAM confirmation Number E20208HC33433454

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:




File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
445763
1 QOath or Declaration filed 401USPC_DEC.pdf no 1
6d735b13c59c75ce2ecab456beal c786aae
9decsd
Warnings:
Information:
30520
2 Fee Worksheet (SB06) fee-info.pdf no 2
9b38fa80e8f3e943269e3afeaa7a9cab5376
Warnings:
Information:
Total Files Size (in bytes): 476283

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

500 7590 06/18/2020 Certificate of Mailing or Transmission
SEED INTELLECTUAL PROPERTY LAW GROUPLLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
States Postal Service with sufficient postage for first class mail in an envelope
701 FIFTH AVE addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
SUITE 5400 the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
SEATTLE WA 98 104 (Typed or printed name)
(Signature)
(Date)
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
15/550,995 08/14/2017 Chachong Hu 850231.401USPC 1813
TITLE OF INVENTION: Antibody-Drug Conjugate
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $500 $0.00 $0.00 $500 09/18/2020
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
CANELLA, KAREN A 1643 424-179100
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1 Seed IP Law Gr oup LiP

M| Change of correspondence address (or Change of Correspondence

Address form PTO/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of up to 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address” indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

SHANGHAI MIRACOGEN INC Shanghai, China

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual (2 Corporation or other private group entity (] Government

4a. Fees submitted: Klissue Fee [Jpublication Fee (if required) [_JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

& Electronic Payment via EFS-Web (] Enclosed check (L] Non-electronic payment by credit card (Attach form PTO-2038)
X The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No. 19-1090

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature / Oing Lin/ Date Au,@:ust 27, 2020

Typed or printed name Qing Lin, Ph.D. Registration No. 53,937

Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE



Electronic Patent Application Fee Transmittal

Application Number: 15550995

Filing Date: 14-Aug-2017

Title of Invention: Antibody-Drug Conjugate
First Named Inventor/Applicant Name: Chaohong Hu

Filer: Qing Lin/Barbara Hannon
Attorney Docket Number: 850231.401USPC

Filed as Small Entity

Filing Fees for U.S. National Stage under 35 USC 371

Description Fee Code Quantity Amount Sull)j-s'l'g(tsa\)l in

Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE 2501 1 500 500




Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

500




Electronic Acknowledgement Receipt

EFS ID: 40400180
Application Number: 15550995
International Application Number:
Confirmation Number: 1813

Title of Invention:

Antibody-Drug Conjugate

First Named Inventor/Applicant Name:

Chaohong Hu

Customer Number:

500

Filer:

Qing Lin/Barbara Hannon

Filer Authorized By:

Qing Lin

Attorney Docket Number:

850231.401USPC

Receipt Date: 27-AUG-2020
Filing Date: 14-AUG-2017
Time Stamp: 14:56:59

Application Type:

U.S. National Stage under 35 USC 371

Payment information:

Submitted with Payment yes

Payment Type CARD

Payment was successfully received in RAM $500

RAM confirmation Number E20208QE57331762

Deposit Account

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:




File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
400830
1 Issue Fee Payment (PTO-85B) 401USPC_ISS_FEE.pdf no 1
d58e7c29e47ba7d 1cal1907244468a45460)
3e23e
Warnings:
Information:
30071
2 Fee Worksheet (SB06) fee-info.pdf no 2
29d6fa1b9f2acae6a4d72fad861661cc52afe7]
Warnings:
Information:
Total Files Size (in bytes): 430901

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810}, a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.




UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
15/550,995 10/06/2020 10792370 850231.401USPC 1813
500 7590 09/16/2020

SEED INTELLECTUAL PROPERTY LAW GROUP LLP
701 FIFTH AVE

SUITE 5400

SEATTLE, WA 98104

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment is 225 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office
of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments
should be directed to the Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Chaohong Hu, SHANGHALI, CHINA;
SHANGHAI MIRACOGEN INC, SHANGHAI, CHINA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09)




To: USPTOeAction@SeedIP.com,pairlinkdktg@seedip.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 500

Sep 17,2020 04:15:51 AM
Dear PAIR Customer:

SEED INTELLECTUAL PROPERTY LAW GROUP LLP
701 FIFTH AVE

SUITE 5400

SEATTLE, WA 98104

UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 500 , have new
outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15550995 ISSUE.NTF 09/16/2020 850231.401USPC

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM





