@1 © 1998 Nature Publishing Group http://www.nature.com/naturebiotechnology

RESEARCH

An efficient route to human bispecific IgG
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Production of bispecific IgG (BslgG) by coexpressing two different antibodies is inefficient due to
unwanted pairings of the component heavy and light chains. To overcome this problem, heavy chains
were remodeled for heterodimerization using engineered disulfide bonds in combination with previously
identified “knobs-into-holes” mutations. One of the variants, S354C:T366W/Y349°C:T366 S:L368°A:Y407"V,
gave near quantitative (~95%) heterodimerization. Light chain mispairing was circumvented by using an
identical light chain for each arm of the BslgG. Antibodies with identical light chains that bind to different
antigens were identified from an scFv phage library with a very restricted light chain repertoire for the
majority (50/55) of antigen pairs tested. A BsigG capable of simultaneously binding to the human recep-
tors HER3 and cMpl was prepared by coexpressing the common light chain and corresponding remod-
eled heavy chains followed by protein A chromatography. The engineered heavy chains retain their ability
to support antibody-dependent celi-mediated cytotoxicity as demonstrated with an anti-HER2 antibody.
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The therapeutic potential of bispecific antibodies has been mini-
mally explored due to inefficient production methods. Robust
recombinant routes have been developed for bispecific antibody
fragments'™ but not for bispecific IgG (BsIgG). Many applications
of bispecific antibodies will require an IgG as this format provides
an Fc region, comprising C,2 and C,3 domains, that can confer
long serum half-life and support secondary immune functions.

The method of choice for preparing BsIgG has been the coex-
pression of two different IgGs in hybrid hybridomas®. IgG coex-
pression may produce up to 10 heavy (H} and light (L) chain pair-
ings’, thereby compromising the yield of BsIgG and often imposing
major purification challenges. IgG H chains form homodimers, as
well as the desired heterodimers, and L chains are prone to pair
with noncognate as well as their cognate H chains.

We describe a method for the construction of human BsIgG
that eliminates L chain mispairing and greatly diminishes H chain
mispairing (Fig. 1). Antibody H chains have previously been
remodeled for heterodimerization by rational design® and opti-
mization by phage’. We have investigated the ability of engineered
inter-C,3 domain disulfide bonds to further enhance H chain het-
erodimerization. Disulfide bonds were also evaluated as an analyt-
ical tool to distinguish heterodimers from homodimers by SDS-
PAGE as engineered disulfide bonds can increase the elec-
trophoretic mobility of proteins when analyzed by SDS-PAGE
under nonreducing conditions™". The L chain mispairing problem
was circumvented by constructing a BsIgG from antibodies that use
identical L chains. Such antibodies are routinely isolated from
phage libraries that have extensive H chain repertoires and have
unique" or very few"” L chain sequences.

Results

Design of C,;3 variants. Antibody H chains were remodeled for het-
erodimerization using engineered disulfide bonds both on their own
and in combination with sterically complementary, knobs-into-holes
mutations”. Three criteria were used to identify suitable pairs of C,3
residues for creating an inter-H chain disulfide bond. First, the a-car-
bons should be separated by distances similar to those found in natu-
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rally occurring disulfide bonds (5.0-6.8 A)". Distances up to 7.6 A
were considered to allow for possible movement of the main chain.
Second, the residue pairs should involve a different residue on each
C,3 domain. Third, cysteine replacement of the residues should per-
mit the formation of a disulfide bond with favorable geometry®.

Six pairs of C,3 residues satisfy the criteria above and were cho-
sen for cysteine replacement mutations. These six residue pairs are
located near the edge of the C,,3 domain interface either proximal
(K392C with D399°C and V397C with T394°C) or distal (§354C
with L351°C, and $354C, E356C, or E357C with Y349°C) to the C,2
domain (Fig. 2). In contrast, previously identified knobs-into-
holes mutations (T366W/T366°S:L368°A:Y407°V) that enhance
heterodimerization®” are located at the center of the C,3 domain
interface, away from the sites targeted for cysteine replacements
(Fig. 2). These two engineering strategies were combined in an
effort to further enhance H chain heterodimerization.

The cysteine replacement, L351C, was predicted and subse-
quently found to form disulfide-bonded homodimers as well as
heterodimers, thus decreasing its utility. The cysteine mutant pair,
V397C/T394°C, led to inefficient disulfide bond formation. The
four remaining pairs of cysteine mutants (K392C/D399°C,
$354C/Y349°C, E356C/Y349°C, and E357C/Y349°C) were installed
in both possible orientations into the phage-optimized knobs-
into-holes variant, T366W/T366°S:L368 A:Y407°V (ref. 7).

Enhancing Fc heterodimerization. C,3 variants were compared
with wild-type in their ability to direct the formation of an anti-
CD3/CD4-1gG antibody/immunoadhesin hybrid (Ab/IA)". The
CD4-IgG and anti-CD3 H chain variants were transiently coex-
pressed in human embryonic kidney 293 cells, along with the anti-
CD3 L chain. The yield of Ab/IA was optimized by varying the
ratios of transfected H chain to IA DNA as described previously*.
The products were affinity-purified using staphylococcal protein A
and quantified by SDS-PAGE and scanning laser densitometry*”. Fc
heterodimerization is evident from the molecular weight of the
resultant Ab/IA hybrid as this is distinct from both IgG and IA
homodimer. All Ab/IA variants (v1-v16) were recovered in yields
similar to molecules containing the wild-type C,3 domain.
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As with the parent molecules*, each of the six double cysteine
replacement mutants (disulfide-C,3 variants) gave rise to three
major products: IgG, Ab/IA hybrid, and IA homodimer (Fig. 3A).
However, Ab/IA hybrids from the disulfide-C,3 variants show
increased electrophoretic mobility compared with the Ab/IA con-
structed using wild-type C,3 domains, consistent with formation
of the designed disulfide bonds (Fig. 3A). Mutagenesis of the hinge
cysteines to serine provided direct evidence for formation of the
engineered disulfide bond. Covalently bonded Ab/IA hybrids were
observed by SDS-PAGE for disulfide-C,3 variant v11 in which the
two hinge cysteines were mutated to serine. In contrast, such cova-
lent hybrids were not observed for molecules with hinge mutations
and wild-type C,3 domains (Fig. 3A). The disulfide variant, vl
(K392C/D399°C), increased the Ab/IA yield over wild-type: 73%
versus 51%, respectively (Table 1), whereas the five other disulfide
variants constructed (v3 to v7) did not significantly impact Fc het-
erodimerization. This improvement with variant vl apparently
reflects disulfide bond formation rather than replacement of
residues K392 and D399 as the corresponding double serine
mutant (K3925/D399°S, v2) gave Ab/IA yields similar to wild-type
(Table 1).

Figure 1. Generic route to bispecific IgG. H chains (filled and unfilled)
were remodeled so that they heterodimerize but do not
homodimerize using knobs-into-holes C,3 mutations®*” and an
engineered disulfide bond (kinked line) between the C,3 domains.
Antibodies that share the same L chain (striped) were chosen to
circumvent the problem of L chains pairing with noncognate H
chains. Two naturally occurring hinge region disulfide bonds are
indicated by horizontal lines.

Figure 2. C,3 residues targeted for cysteine replacement mutations
{cyan} highlighted in the 2.9 A structure of human 1gG, Fc (ref. 18}. The
knobs-into-holes mutations, T366W/T366°S:L368°A:Y407V (refs. 6
and 7; magenta) were introduced by molecular modeling.
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Figure 3. SDS-PAGE analysis of protein A purified products from
transiently coexpressed antibody H and L chains and IA. (A) Ab/IA
production. Lane 1: wild-type; lane 2: v3; lane 3: v2; lane 4: v1; lane 5:
v8; lane 6: v11; lanes 7 and 8: C231S:C2345/C231°S:C234'S hinge
mutations in context of v11 and wild-type, respectively. {B) Bispecific
IgG production. Lane 1: H, + L,,; lane 2: H, + H,, + L,,;; lane 3: H, + L,,,,
lane 4: H,,, + L,,,; lane 5: H,,,, + H,... + L,,;; and lane 6: H,.., + L., where
H, and H,, correspond to mutant ($354C:T366W) and wild-type
versions of the anti-HER3 H chain, H,, and H,,,, correspond to mutant
{Y349C:T366S:L368A:Y407V) and wild-type versions of the anti-Mpl H
chain, and L,,, represents the common L chain.

Table 1. Yields of Ab/IA hybrids from C,3 variants.

Mutations Yield of Ab/IA
Variant Ab 1A hybrid (%)
wild-type none none 511
al D399C K392C 73+3
v2 D399S K392S 55+1
v3 Y349C $354C 54+4
va Y349C E356C 5516
v5 Y349C E357C 57+4
v6 L351C S354C 56+3
v7 T394C V397C 57+2
v8 T366W T366S:L368A: Y407V 86.7+2.3
vl T366W:D399C  T366S:L368A:K392C:Y407V 86.5+£0.5
vi0 T366W:K392C  T366S:D399C:L368A:Y407V 921
vl S354C:T366W  Y349C :T366S:L368A:Y407V 95+2
vi2  Y349C:T366W  S354C:T366S:L368A: Y407V 90+1
vi3  E356C:T366W  Y349C:T366S:L368A:Y407V 94+2
vi4 Y349C:T366W E£356C:T366S:L368A:Y407V 955+0.5
vi5  E357C:T366W  Y349C :T366S:L368A:Y407V  93x2
v16  Y349C:T366W  E357C:T366S:L368A:Y407V 91.0+£1.0

The yield of Ab/IA was estimated by SDS-PAGE followed by scanning laser den-
sitometry. Data are the mean (+ SD) from two or more independent experiments.
Mutations are denoted by the amino acid residue and number {(Eu numbering
scheme of Kabat et al.”) followed by the replacement amino acid. Muttiple
mutations are represented by the single mutations separated by a colon.
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When evaluated in the context of the phage-optimized C,3 vari-
ant, v8, the cysteine replacement mutations increased the Ab/IA
yield up to a maximum of approximately 95% (v11, v13, v14) or left
it unchanged (v9) (Table 1). The engineered disulfide bonds exhibit
a context-dependent effect upon Fc heterodimerization. For exam-
ple, the mutations K392C/D399°C are most effective in increasing
the Ab/IA yield for an otherwise wild-type C,3. In contrast, muta-
tions $354C/Y349°C and Y349'C/E356C give the greatest improve-
ment in Ab/IA yield for variant v8. One of the most successful vari-
ants, v11 (5354C:T366W/Y349°C:T366'S:L368°A:Y407°V), was uti-
lized in the construction of a BsIgG.

Identification of antibodies using identical L chains. Panning
of a large human scFv library” identified a panel of 11 antibodies
specific for the extracellular domain (ECD) of human epidermal
growth factor receptor 3 (HER3) also known as c-erbB-3 (ref. 15).
The V, and V, amino acid sequences of the anti-HER3 scFv were
compared with 23 scFv that bind to the human thrombopoietin
receptor, c-Mpl (data not shown). Five of the 11 anti-HER3 clones
share an identical V, amino acid sequence with one or more Mpl-
binding clones. Conversely, seven out of 23 anti-Mpl scFv share the
same V, as one of the anti-HER3 clones. In contrast to the V,
sequences, the V,, amino acid sequences share an identity level of
only 40-90% for any pair of anti-Mpl and anti-HER3 clones.

The frequency of identical L chains of clones derived by pan-
ning the phage library of Vaughan et al.” was assessed by compar-
ing 117 V, amino acid sequences for scFv binding 11 different anti-
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Figure 4. Sandwich ELISA for detection of simultaneous binding to
Mpl-lgG and HER3-IgG. Antibodies tested were the anti-Mpl x anti-
HER3 BslgG containing the mutations Y349C:T366S:L368A:Y407V/
T366'W:S354C, and the corresponding parental anti-Mpl or anti-
HERS3 antibodies with mutated Fc regions.
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gens (Table 2). scFv sharing identical L chains were identified for
the majority (50/55) of the possible pairwise combinations of two
different antigen specificities. Identical L chains were found in all
cases except where five or fewer sequences were available for one or
both of the antigen specificities. This high frequency of antibodies
sharing the identical L chain reflects the very limited size of the L
chain repertoire in the phage library. The majority (95/117) of the
V, sequences are represented by just nine clads, each comprising
sequences that differ by five amino acid residues or fewer from the
consensus sequence of the clad. Our V| sequence data closely match
those reported by Vaughan et al.”

Efficient construction of bispecific IgG. The anti-Mpl scFv,
12B5 (Genbank accession number, AF048775), and anti-HER3
scFv clone H6 (Genbank accession number, AF048774) use identi-
cal V, sequences and substantially different V,, sequences. These
scFv fragments were reformatted as IgG to test the scheme for con-
structing BslgG (Fig. 1). The common L chain was cotransfected
with the two H chains containing the C,3 mutations from variant
vil. The IgG products were then purified by protein A affinity
chromatography and analyzed by SDS-PAGE (Fig. 3B).

The BslgG preparation gave rise to a single major band showing
greater mobility than IgG containing wild-type C,3 domains (Fig.
3B). This increase in electrophoretic mobility is consistent with the
formation of the engineered disulfide bond in the BsIgG. As antici-
pated, the BsIgG, but not the parental anti-Mpl and anti-HER3
IgG, showed simultaneous binding to Mpl and HER3 ECD anti-
gens in a sandwich ELISA (Fig. 4).

Antibody with C,3 mutations supports efficient antibody-
dependent cell-mediated cytotoxicity. We also investigated the effect
of Fc mutations (S354C:T366W and Y349C:T366S:1L368A:Y407V)
on the ability of an IgG to support antibody-dependent cell-mediat-
ed cytotoxicity (ADCC). We chose to make this comparison in the
context of a monospecific, humanized anti-HER2 IgG, huMAb4D5-
5 (ref. 16), rather than the BsIgG, because the control molecule con-
taining a wild-type Fc region is easily prepared for the monospecific
IgG but not for the BslgG.

Anti-HER2 antibodies containing remodeled or wild-type Fc
regions had similar potency in ADCC with the HER2-overexpress-
ing breast cancer cell line SK-BR-3 (Fig. 5). Both antibodies showed
comparable, low activity against the nontumor breast epithelial cell
line HBL100, which expresses 33-fold less HER2 than SK-BR-3
cells” (Fig. 5). This maintenance of ADCC function is consistent
with the prediction that the C,;3 mutations are fully buried and do
not propagate major structural changes to the surface of the corre-
sponding C,3 domains.

Table 2. Usage of identical V, by scFv binding to different target antigens.

First Total # Second specificity

specificity scFv Axi GCSF-R IgE IgE-R c-Mpl MuSK NpoR Rse HER3 Ob-R VEGF
Axi 12 2 2 0 1 2 1 0 3 2 2 1
GCSF-R 11 2 0 1 2 2 1 2 2 2 3 2
IgE 2 0 1 0 1 1 0 1 1 1 1 0
IgE-R 4 1 2 1 0 1 0 1 2 1 1 1
c-Mpl 23 3 3 1 1 5 5 3 5 7 5 2
MuSK*" 3 1 1 0 0 3 0 1 1 2 1 1
NpoR 5 0 2 1 1 2 1 0 1 2 2 1
Rse 20 5 3 1 3 8 2 1 7 7 5 2
HER3 1" 2 2 1 1 5 2 2 4 3 4 4
Ob-R 18 5 3 1 1 9 1 2 8 9 7 1
VEGF 8 1 3 0 1 2 2 2 1 4 2 2

Values are the frequencies of scFv sharing identical V, amino acid sequences identified by alignment of 117 V. sequences for clones obtained using the library of
Vaughan et al.” Axl: Axl receptor tyrosine kinase; GCSF-R: granulocyte colony simulating factor receptor; IgE-R: IgE receptor; c-Mpl: human thrombopoietin recep-
tor; MuSK: muscle-specific tyrosine kinase receptor; NpoR: Npo receptor; Rse: Rse receptor tyrosine kinase; HER3: human epidermal growth factor receptor 3; Ob-
R: leptin receptor; VEGF: vascular endothelial growth factor. All antigens are human in origin except for IgE, which is murine.
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Figure 5. ADCC mediated by huMAb4D5-5 (Ref. 16) containing either
a mutant (S354C:T366W/Y349C:T366°S:L368°A:Y407V) or wild-type
Fc region or an isotype-matched control antibody (E25, Ref. 35) and
human peripheral blood mononuciear celi (PBMC) effector cells.
Data are the mean of triplicate measurements.

Discussion

We have developed an efficient method for the construction of
human BsIgG by remodeling antibody H chains for heterodimer-
ization and using a single L chain to circumvent L chain mispairing
(Fig. 1). We anticipate that BslgG technology will be applicable to
antibodies recognizing virtually any pair of antigens, as antibodies
with different antigen-binding specificities that share identical L
chains have been routinely identified by us (Table 1) and others™".
In addition, the C,3 mutations required for H chain heterodimer-
ization can be incorporated into H chains of any antigen-binding
specificity. These engineered H chains promise to be useful in het-
erodimerization of other human immunoglobulins because the
mutated residues are fully conserved across human IgG isotypes
and the majority of the C,3 interface residues are highly con-
served™®. The engineered H chain variants may also be applied
directly to the construction of bispecific immunoadhesins” in
addition to the BsIgG and Ab/IA shown here.

The BsIgG comigrates on SDS-PAGE with one of the five prod-
ucts from either parental IgG (Fig. 3B). The electrophoretic
mobilities of the minor contaminants in the BsIgG preparation are
consistent with the presence of antibody aggregates and
monomers, and three lines of evidence taken together support the
notion that our BslgG preparation contains little contaminating
parental IgG. First, the BslgG contains an Fc region identical to
that of variant v11, which yielded 95% of the Ab/IA hybrid. It
seems very likely that this same Fc region would be equally effec-
tive in directing the heterodimerization of two antibody H chains.
Second, contamination of the BsIgG with parental IgG would be
expected to give rise to all five of the parental bands rather than
just one. Third, the BsIgG preparation binds simultaneously to
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both antigens, whereas each parental IgG binds only to its respec-
tive, cognate antigen.

The potential risk of eliciting an antibody or T cell response is a
frequently voiced concern when engineering proteins for human
therapy. These immunogenicity issues can only be definitively
addressed through clinical trials. Nevertheless, the risk of immuno-
genicity seems small as the C,3 mutations are fully buried and few
in number (six). Humanized antibodies containing several dozen
foreign and mainly exposed residues in their variable domains have
elicited undetectable®” or only minor®*” antiglobulin responses.

Antigen-binding affinities in the low nanomolar or even sub-
nanomolar range are desirable and may be necessary for each arm
of a BsIgG destined for human therapy. In some cases it will likely
be possible to construct high-affinity human BsigG using scFv iso-
lated directly from a large naive phage library. Vaughan et al.” have
reported many high-affinity scFv (K,=0.3-8.0 nM) from the same
scFv phage library we used in this study to identify antibodies using
the same L chains. These high-affinity scFv include several with
specificities that have obvious clinical relevance; tumor-associated
antigen (CEA), a radionuclide chelator (DPTA), and a chemother-
apeutic drug (doxorubicin). Thus, high-affinity antigen binding is
possible even with a very limited L chain repertoire. These high
affinities presumably reflect the fact that the major determinants
contributing to the specificity and energetics of antigen binding
reside on the H chain for these phage-derived antibodies.

Sometimes it may be necessary to increase the binding affinity
for one or both of the chosen antigens for a BsIgG. For example, in
the case of the BslgG evaluated in this paper, the anti-Mpl binding
affinity is low (K,=96 nM for Fab fragment, data not shown).
Affinity maturation of antibody fragments from the nanomolar to
picomolar range has been accomplished by mutagenesis of Hand L
chains and selection using phage display libraries™”. For BslgG, any
mutation of the L chain would have to be evaluated in terms of
maintaining binding to the two different antigens.

It may be desirable to construct a BsIgG using the common L
chain format (Fig. 1) in conjunction with H and L chains derived
from an existing antibody. In this case it will be necessary to identi-
fy a second H chain that pairs with the original L chain and binds
the second antigen of interest. The Fab phage library and the pan-
ning strategy of Figini et al.” offer a promising route for identifying
such an H chain.

Experimental protocol

Modeling of disulfide bonds. Disulfide bonds were modeled into the human
IgG, Fc" as described for huMAb4DS5-8 Fv (ref. 31) using Insight II release
95.0 (Molecular Simulations, San Diego, CA).

Construction of C,3 variants. Mutations were introduced into the C,3
domain of a humanized anti-CD3 H chain or CD4-IgG by site-directed
mutagenesis”. Mutants were verified by dideoxynucleotide sequencing”
using Sequenase version 2.0 (United States Biochemicals, Cleveland, OH).

Expression and purification of Ab/IA variants. Human embryonic kidney
2938 cells were cotransfected by the calcium phosphate method* with a total
of 10 pg DNA encoding CD4-1gG plus anti-CD3 L and H chains. The ratio of
phagemid DNA for L and H chains was fixed at 3:1 so that the L chain would
not be limiting. Additionally, the IA-encoding DNA was used in excess to that
for the H chain because the IA is less efficiently expressed than the IgG. The
transfected DNA ratios tested ranged from 3:1:3 through 8:1:3 for IA:H
chain:L chain. The 293S cells were washed with phosphate-buffered saline
(PBS) prior to transfection to remove any residual immunoglobulin from the
fetal calf serum used in the media. Following the transfection (72 h) Fc-con-
taining proteins were purified from conditioned media using immobilized
protein A (ProSep A, BioProcessing Ltd., Consett, UK) and buffer-exchanged
into PBS. Iodoacetamide was added to protein preparations to a final concen-
tration of 50 mM to prevent shuffling of disulfide bonds.

Quantitation of Fc-containing proteins. Samples were electrophoresed in
8% (Ab/IA) or 6% (BsIgG) polyacrylamide gels (Novex, San Diego, CA) and
visualized by staining with Serva blue G (Serva, Heidelberg, Germany). Gels
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were destained leaving a faint blue background to permit detection and
quantitation of minor contaminants. Dried gels were analyzed by scanning
laser densitometry (GS-670; Bio-Rad, Hercules, CA) and protein products
were quantified with Molecular Analyst software (Bio-Rad).

Identification of scFv by phage library panning. scFv binding HER3 were
obtained using a large human scFv phage library” (Cambridge Antibody
Technology, Melbourne, UK) and panning for three rounds using HER3-IgG
(10 ug in 1 ml PBS) coated Immunotubes (Maxisorp; Nunc, Naperville, IL).
Panning and phage rescue were then performed as described by Vaughan et
al.” with the following modifications. A humanized anti-IgE antibody” at a
concentration of 1 mg/ml was included in each panning step to absorb Fc-
binding phage. Clones from rounds two and three of panning were screened
by phage and scFv ELISA using the HER3-IgG and also a control 1A, CD4-
IgG*. The diversity of antigen-positive clones was analyzed by PCR-amplifi-
cation of the scFv insert using the primers, fdtetseq and PUC19 reverse" and
by digestion with BstNI” (ref. 37). Up to five clones per BstNI fingerprint
were then cycle-sequenced using fluorescent dideoxy chain terminators
(Applied Biosystems, Foster City, CA) using M13 reverse (New England
Biolabs, Beverly, MA) and myc seq 10 primers". Samples were analyzed using
automated DNA sequencers (models 373 and 377; Applied Biosystems) and
sequences analyzed using Sequencher (Gene Codes, Ann Arbor, MI).

Alignment of V, sequences. The nucleotide sequence data for scFv frag-
ments were translated to derive corresponding protein sequences. The V,
sequences were then compared using the program ALIGN with the algorithm
of Feng and Doolittle®* to calculate the percentage identity between all pair-
wise combinations of chains.

ADCC. Cytoxicity assays were performed with *Cr-labeled SK-BR-3 and
HBL100 target cells and human peripheral blood lymphocytes as effector
cells as described”, except that the lymphocytes were not activated with IL-2.
The concentration of antibodies in the ADCC assays was 125 ng/mL.

ELISA. PBS was used as buffer for all steps. Individual wells of a 96 well
plate (Maxisorp, Nunc) were coated overnight with Mpl-IgG at 5 pg/ml,
washed and then blocked for 1 h with 0.5% (wt/vol) bovine serum albumin.
The primary antibodies were the anti-Mpl x anti-HER3 BsIgG containing the
mutations Y349C:T3665:L368A:Y407V/T366 'W:$354’C and corresponding
parental anti-Mpl or anti-HER3 antibodies with mutated Fc regions. The pri-
mary antibodies (1 pg/mL) were individually incubated for 2 h at 23°C with
biotinylated HER3-IgG and a 1:5000 dilution of streptavidin-horseradish
peroxidase conjugate (Boehringer Mannheim, Indianapolis, IN) and then
added to the wells and incubated for an additional 1 h at 23°C. Peroxidase
activity was detected with TMB reagents as directed by the vendor
(Kirkegaard and Perry Laboratories, Gaithersburg, MD).
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