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The gene that codes for the CD44 family members consists of 20 exons, nine of which encode the standard form
of the molecule. The other exons can be inserted in various combinations into the membrane proximal region of
the extracellular domain of the protein, giving rise to variant isoforms (CD44v). CD44 variants, especially the
CD44v6, have been reported to regulate tumor invasion, progression, and metastasis of carcinomas. Producing a
high affinity monoclonal antibody against human CD44v6 provides a powerful tool to monitor and trace
CD44v6 function in different biological fluids. In this study, a synthetic peptide from CD44v6 was conjugated
to keyhole limpet hemocyanin (KLH) and injected into BALB/c mice. Splenocytes from the immunized mice
were fused with murine SP2/0 myeloma cells followed by selection of antibody producing hybridoma cells.
After screening of hybridoma colonies by ELISA, high affinity antibodies were selected and purified by affinity
chromatography. Western blot, immunocytochemistry, and flow cytometry experiments were used to charac-
terize the antibodies. Six stable hybridoma cell lines, designated as 1H1, 1H2, 2A12, 2G11, 3H3, and 3H7, were
obtained. Flow cytometry and immunocytochemistry results showed that the new monoclonal antibodies rec-
ognized CD44v6 on the cell surface. This novel panel of anti-CD44v6 antibodies has the potential for inves-

tigating the role of CD44v6 in cancer pathogenesis.

Introduction

T HE CD44 FAMILY INCLUDES A LARGE GROUP of trans-
membrane glycoproteins formed by alternative splicing
and post-translational modifications. It has been reported
that the extensive heterogeneity in CD44 molecular struc-
ture may be involved in various important cellular functions
such as: (1) interaction between cell and extracellular ma-
trix, (2) initiating several signaling pathways through com-
bination with intracellular molecules, and (3) acting as an
anchor protein by binding to the cytoskeleton.”’ As an ad-
hesion molecule, CD44 may participate in various biological
processes, including angiogenesis, lymphogenesis, wound
healing, inflammation, and cancer metastasis.” The CD44
gene is located on the short arm of chromosome 11 in hu-
mans. CD44 can exist in many isoforms derived from a single
gene by alternative mRNA splicing. The gene includes 20
exons, nine of which encode the standard form of the mole-
cule (CD44s). The other exons can be inserted in different
combinations into the membrane proximal region of the
extracellular domain of the protein, giving rise to variant
isoforms (CD44v). These variant exons are designated as
v1-v10.%

CD44 variants, predominantly CD44v6, have been re-
ported to regulate invasion, progression, and metastasis of
carcinomas in rat experimental models.” In addition, CD44
expression has been shown to be associated with tumor
progression of various human malignancies, including liver
carcinoma,(5 ) colon carcinoma,(6) breast carcinoma,’’ lym-
phoma,® and lung carcinoma.® It has been suggested that
CD44v6 is probably capable of helping cancer cells adhere to
the vascular endothelium and basement membranes, as well
as enhancing the motility of cancer cells.'*'®

In this study, murine monoclonal antibodies against a
synthetic peptide of CD44v6 were produced and character-
ized. These antibodies may serve as tools for monitoring
CD44v6 in different biological systems.

Materials and Methods
Cell lines and antibodies

Human acute megakaryocytic leukemia cell line Mo7e,
human leukemic monocytic cell line U937, human promye-
locytic leukemia cell line HL60, human T-cell leukemia cell
line Jurkat, and human prostate carcinoma LnCap were
purchased from National Cell Bank of Iran (Pasteur Institute
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of Iran, Tehran, Iran). Cell lines were cultured according to
the manufacturer’s instructions. Secondary FITC-conjugated
sheep anti-mouse Ig and irrelevant (ENV11) antibodies were
obtained from Avicenna Research Institute.

Synthesis of peptide, preparation of immunogen,
and confirmation of peptide conjugation

A 43 amino acid long peptide (CQA TPS STT EET ATQ
KEQ WFG NRW HEG YRQ TPK EDS HST TGT A) from
CD44v6, including an additional cysteine residue at the C-
terminal end for conjugation, was synthesized (Chinapeptide
Corp., Shanghai, China). The peptide was chemically con-
jugated with the carrier protein keyhole limpet hemocyanin
(KLH, Sigma-Aldrich, St. Louis, MO).

Conjugation of the peptide to carrier proteins was per-
formed as described previously."'® Briefly, a total of 2mg
KLH (Sigma-Aldrich) and 2 mg of synthetic peptide CD44v6
were dissolved in 140 pL sterile water and 800 pL phosphate-
buffered saline (PBS), respectively. Combination of KLH
(140 pL), CD44v6 (800 pL), and 1% glutaraldehyde (Sigma-
Aldrich) (60 pL) was incubated at room temperature for 2h
with gentle shaking. The same procedure was performed for
conjugation of the peptide to bovine serum albumin (BSA,
Sigma-Aldrich)."'> The technique for evaluation of the ef-
ficiency of conjugation has been described previously.'*)

Preparation of hybridoma cells and production
of monoclonal antibodies

Monoclonal antibody production was performed accord-
ing to the hybridoma technology.*'®!” Briefly, two female
BALB/c mice (6-8 weeks old) were injected three times
with peptide-KLH conjugate. The primary immunization
was administered intraperitoneally (i.p.) with antigen and
Freund’s complete adjuvant (Sigma-Aldrich). Three weeks
later a booster injection was delivered i.p. in Freund’s in-
complete adjuvant, followed by a similar booster injection 2
weeks later. Venous blood was obtained from the tail of the
immunized mice 7 days after the second booster vaccination,
and serum antibody titers were evaluated by indirect enzyme-
linked immunosorbent assay (ELISA). Splenocytes were
collected from the mouse with the highest antibody titer and
fused with SP2/0 mouse myeloma cells. The cells were wa-
shed twice with RPMI 1640 medium. Pre-warmed 50%
polyethylene glycol (PEG) 1500 (Sigma-Aldrich) was added
to the cell pellet slowly with continuous shaking. Fused cells
were washed with RPMI medium and distributed in 96-well
plates followed by selection with HAT medium (Sigma-
Aldrich). Hybridoma supernatants were initially screened by
indirect ELISA against the CD44v6 peptide. Positive clones
were subcloned four times by limiting dilution method.

Antibody purification and isotype determination

Antibodies against CD44v6 were purified from culture
supernatants by affinity chromatography using a Hi-Trap
protein G column (GE Healthcare, Uppsala, Sweden) ac-
cording to the manufacturer’s instructions. Briefly, culture
supernatants were filtered through 0.45 pm filters and pH was
adjusted to 7.5. The elution was performed using glycine-HCl
(0.1 M, pH 2.7). The eluted antibodies were dialyzed against
PBS at pH 7.5, and reactivity of the purified antibodies was

determined by ELISA, as described previously."'®'? The
isotypes of the antibodies were determined by ELISA using
anti mouse isotype antibodies (Sigma-Aldrich) as reported
previously.?”

Analysis of antibody titers by ELISA

Peptide-specific antibodies in the mouse sera and in hy-
bridoma culture supernatants were determined by indirect
ELISA. Briefly, 96-well polystyrene microtiter plates (Nunc,
Roskilde, Denmark) were coated with the CD44v6 peptide,
BSA-peptide, and KLH peptide conjugated (all at 10 pg/mL)
overnight at 4°C. The plates were washed three times in
PBS-Tween-20 (0.05%, PBS-T), and the unbound sites were
blocked with 100 pL of 2.5% skim milk at 37°C for 1.5 h. The
plates were washed as described above. For mouse serum
titrations, different dilutions of mouse sera were added to
the wells starting from 1:500 (37°C for 1.5h). After wash-
ing, HRP-conjugated rabbit anti-mouse immunoglobulin
(Ig, 1:1000 v/v; Avicenna Research Institute, Tehran, Iran)
was added and incubated for 1.5h at 37°C. The plates were
washed, and the substrate solution containing tetramethyl-
benzidine (TMB) was added. The reaction was stopped by
20% H,SO,4 after 15 min and the absorbance was measured
at 450 nm by an ELISA reader (BioTek). The mouse with the
highest titer of specific antibody was chosen for fusion.
To screen for antibody production by hybridoma cells, the
same procedure was performed on the hybridoma cell culture
supernatants.

RNA isolation and polymerase chain reaction

Total RNA was extracted from cell lines according
to guanidinium thiocyanate-phenol-chloroform extraction
method'® using RNA-Bee reagent (Tel-Test, Friendswood,
TX) according to the manufacturer’s instructions. The ex-
tracted RNA was treated with deoxyribonuclease (DNAase I,
Sigma-Aldrich) to eliminate any potential DNA contamina-
tion."” First-strand cDNA was synthesized using 1 pg total
RNA in 20 pL of reaction mixture consisting of 4 uL. 5X RT
buffer, 2 phL 20mM dNTPs (Roche, Mannheim, Germany),
1 pL 10 pmol/puL random hexamers (N6; Roche), 2 uL. deio-
nized sterile H,0, and 1 pLL. Moloney murine leukemia virus
reverse transcriptase (200 U/pL; Fermentas, Vilnius, Li-
thuania). The mixture was incubated at 42°C for 45 min,
followed by 90°C for 5 min.

Polymerase chain reaction (PCR) amplification was per-
formed using CD44 and CD44v6 primers: 5'-GAC ACA
TAT TGC TTC AAT GCT TCA-3’ and 5-GGC AAC TCC
TAG TAG TAC AAC-3’ as sense and 5'-GAT GCC AAG
ATG ATC AGC CAT TCT G-3’ and 5’-CAG CTG TCC
CTG TTG TCG AAT-3’ as antisense, respectively. Briefly,
25 pL. of PCR mixture was prepared using 2.5 pL. of 10x PCR
buffer, 1 pL of 25 mM MgCl,, 1.5 pL. dNTPs (10 mM), 0.5 uL
of each primer (10 pmol/pL), 0.1 pLL of Tag-DNA polymer-
ase (5U/uL; CinnaGen, Tehran, Iran), and 3 pL of cDNA.
PCR was performed with 37 cycles and each cycle of am-
plification consisted of 92°C for 30s, 62°C for 30's, 72°C for
1 min, and a final cycle of 72°C for 10 min. PCR products
were visualized by running on agarose gel (1.5%) electro-
phoresis containing ethidium bromide. After electrophoresis,
images were taken using a gel documentation system (LMS-
20E, UVP, Upland, CA).
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Titration of immunized mouse serum by ELISA. Wells were coated with CD44v6 peptide, KLH-peptide, or BSA-

peptide, and the immunized mouse serum was titrated in ELISA, using peroxidase conjugated sheep anti-mouse immu-
noglobulin as the secondary antibody. The mouse with higher serum antibody titer for anti-KLH-conjugated CD44v6

synthetic peptide was used for cell fusion.

Western blot analysis

Western blotting was performed to detect the minimum
amount of CD44v6 that could be recognized by the anti-
CD44v6 antibodies. To do this, 250 and 500 ng of BSA and
peptide-BSA were loaded onto a 10% SDS-PAGE gel. Pro-
teins were then transferred onto Immobilon-PVDF (Milli-
pore, Billerica, MA) membranes. Membranes were blocked
by incubating overnight at +4°C with 5% non-fat milk in
PBS. Proteins were incubated for 1.5 h with monoclonal an-
tibodies against CD44v6. After extensive washing, mem-
branes were incubated with peroxidase-conjugated sheep
anti-mouse Ig (1:2500, Avicenna Research Institute) for 1 h
at room temperature, followed by washing and develop-
ing with ECL chemiluminescence detection system (GE
Healthcare, Piscataway, NJ).

Flow cytometric analysis

Cell surface CD44v6 negative cell lines (HL60, Jurkat, and
LnCap)(21‘23) and positive cell lines (U937 and Mo7e)(23’24)
were used to determine the reactivity of monoclonal anti-
bodies by flow cytometry. Approximately, 0.5 x 10° HL60,
Jurkat, LnCap, U937, and Mo7e cells were suspended in
cold PBS and incubated with 5% sheep serum for 30 min.
Cells were then fixed with 1% formaldehyde for 10 min
followed by incubation with monoclonal antibodies (10 pg/
mL) and an irrelevant antibody (ENV11, 10 pg/mL) as a
negative control for 60 min at 4°C in PBS-0.1% BSA. After
washing twice with the PBS, FITC conjugated sheep anti-
mouse antibody (Avicenna Research Institute; dilution
1:50) was added, and the cells were incubated for an addi-
tional 45 min in the dark. After washing twice, the cells were
analyzed on a flow cytometer (Partec, Munster, Germany).
Data were analyzed by using FlowJo software (Treestar, San
Carlos, CA).

Immunocytochemistry

Briefly, 30,000 U937cells were suspended in PBS and air
dried on glass slides at room temperature for 1 h. After using

immunocytochemistry (ICC), fixation buffer (BD Bios-
ciences, Franklin Lakes, NJ), the cells were incubated with
5% sheep serum for 15 min at room temperature. The cells
were subsequently incubated with CD44v6 and irrelevant
antibodies (10 pg/mL) and negative control (PBS alone),
followed by inculcation with FITC conjugated sheep anti-
mouse Ig secondary antibody (1:50; Avicenna Research
Institute). The cells were extensively washed with PBS be-
tween incubations. Microscopic images were acquired by
Olympus BX51 microscope (Tokyo, Japan), motorized
fluorescence illuminator BX-RFA equipped with Olympus
DP70 digital camera, sutter excitation, and emission filter
wheels. Images were acquired using the Olympus U-MWIB2
filter set.

Results

Confirmation of CD44v6-BSA
and CD44v6-KLH conjugations

BSA and KLH were selected as carrier proteins to be
conjugated with the CD44v6 synthetic peptide. A smear
pattern of CD44v6-conjugated BSA in contrast to a sharp
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FIG. 2. RT-PCR analysis CD44v6 transcripts in studied
cell lines. Lanes 1-5, analysis of CD44v6 (84 bp) in Mo7e,
U937, HL60, LnCap, and Jurkat cell lines, respectively; lane
6, negative control (no DNA) for CD44v6; lane 7, DNA size
marker, Gene Ruler, marker VIII; lanes 8-12, analysis of
CD44 (481bp) in Mo7e, U937, HL60, LnCap, and Jurkat
cell lines, respectively; lane 13, negative control (no DNA)
for CD44.



PRODUCTION OF ANTI-CD44v6 MONOCLONAL ANTIBODY 39

Con. M

FIG. 3. Western blot analysis of different CD44v6 anti-
bodies using 500ng (A) and 250ng (B) BSA-CD44v6 con-
jugate. Lanes 1-6, monoclonal antibody clones 1HI, 1H2,
2A12, 2G11, 3H3, and 3H7, respectively; Con., BSA alone
blotted onto the membrane and tested for reactivity with 3H7
monoclonal antibody clone (negative control); M, marker.

unconjugated BSA band (67kDa) revealed that synthetic
peptide CD44v6 was conjugated to BSA molecules (data not
shown). Since KLH has a very high molecular weight (4,500—
13,000 kDa) and may not be easily monitored in SDS-PAGE,
simultaneous conjugation of CD44v6 peptide to KLH and
BSA using identical procedures would allow us to conclude
that the CD44v6-KLH conjugation was also done in the same
way as the CD44v6-BSA conjugation.'>* CD44v6-KLH
was used to immunize mice, and CD44v6-BSA was only used
to confirm the conjugation.

Development of monoclonal antibodies

Fusion experiment was performed for hybridoma produc-
tion from the mouse with higher serum antibody titer for anti-
KLH-conjugated CD44v6 synthetic peptide. The hybridoma
supernatants were screened by indirect ELISA after fusion.
Immunoreactivity against the peptide and KLH were tested.
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FIG. 4. Flow cytometric analyses of reactivities of anti-CD44v6 monoclonal antibody clones 1H1, 1H2, 2A12, 2G11, 3H3,
and 3H7 with HL60, Jurkat, LnCap, Mo7e, and U937 cell lines. 1H1, 1H2, 2A12, 2G11, 3H3, and 3H7 monoclonal antibodies
were reactive with Mo7e and U937 cells. None of the monoclonal antibodies reacted with HL60, Jurkat, and LnCap cell lines.
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FIG. 5.

Immunocytochemical staining using anti-CD44v6 peptide antibodies on CD44v6 positive U937 cell line. (A) No

antibody (negative control). (B) Irrelevant antibody (negative control). (C-H) Anti-CD44v6 antibody clones 1H1, 1H2,
2A12, 2G11, 3H3 and 3H7, respectively. DAPI was used for the nuclei staining and FITC-conjugated (green) secondary
antibody for immunoflourescence staining (magnification, 200 X ).

In this experiment, mouse sera were diluted from 1:500 to
1:32,000. Obtained data demonstrated that the mice were
suitable for cell fusion (Fig. 1). Culture supernatants from
growing hybridomas were screened by ELISA. Clones spe-
cific for purified CD44v6 were subcloned. Six stable hy-
bridoma cell lines, designated as 1H1, 1H2, 2A12, 2Gl11,
3H3, and 3H7, were obtained and further characterized. The
isotyping of obtained monoclonal antibodies indicated that
they all belonged to IgG1 subclass.

Analysis of CD44 and CD44v6 gene expression
in cell lines

Figure 2 displays the CD44 and CD44v6 gene expressions
in Mo7e, U937, HL60, LnCap, and Jurkat cell lines. As
shown, 84 and 481 bp bands of amplified CD44v6 and CD44

mRNA, respectively, were found in Mo7e, U937, and HL60
cell lines. On the contrary, neither 84 nor 481 bp bands were
detected in LnCap and Jurkat cell lines. Therefore, we con-
cluded that LnCap and Jurkat cell lines did not express CD44
and CD44v6 genes (Fig. 2).

Western blot analysis with anti-CD44v6
monoclonal antibodies

Western blot studies were done to test whether obtained
monoclonal antibodies would recognize BSA-CD44v6. Six
stable clones, 1H1, 1H2, 2A12, 2G11, 3H3, and 3H7, were
tested against two different concentrations of BSA-CD44v6.
Western blot experiment indicated that monoclonal anti-
bodies against CD44v6 recognized BSA-CD44v6 under non-
reducing conditions (Fig. 3).
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Flow cytometric analysis

CD44v6 negative (HL60, Jurkat, and LNCap) and positive
(U937 and Mo7e) cell lines were used to analyze cell surface
expression of CD44v6. All six anti-CD44v6 monoclonal
antibodies were examined to determine whether they recog-
nized CD44v6 on the cell surfaces. Figure 4 shows the flow
cytometry results for all cell lines. Positive staining patterns
were obtained for Mo7e and U937 cells with 1HI, 1H2,
2A12,2G11, 3H3, and 3H7 clones. None of the monoclonal
antibodies detected the membrane CD44v6 in HL60, Jurkat,
and LnCap cell lines.

Immunocytochemistry

The reactivities of 1H1, 1H2, 2A12, 2G11, 3H3, and 3H7
antibodies were investigated on U937 cell line by immuno-
cytochemistry. Acquired images revealed that the monoclo-
nal antibodies recognized CD44v6 molecules in U937 cell
line, although reactivity of clone 2A12 was very weak (Fig.
5). In this experiment, the irrelevant antibody and PBS alone
(negative controls) showed no reactivity (Fig. SA, B).

Discussion

Previous studies have reported the involvement of CD44v6
in regulating invasion, progression, and metastasis of carci-
nomas and the useful of the monoclonal antibodies against
this molecule in monitoring of certain cancers.***>* Anti-
CD44v6 antibodies have also been found to have diagnostic
applications in some malignancies such as head and neck
squamous cell carcinoma (HNSCC)(3O_32) and in noninvasive
imaging of breast cancer.>>* Because of its high expression
in HNSCC, CD44v6 has been targeted with a monoclonal
antibody (U36) for diagnosis of this cancer in humans.®'*?
The humanized anti-CD44v6 monoclonal antibody has also
been conjugated with the near-infrared fluorescent dye and
was used for molecular imaging of ductal carcinoma in
mice.®”

Considering the importance of the CD44v6 monoclonal
antibodies for diagnosis and management of cancer, we
aimed to produce a panel of monoclonal antibodies against
this molecule and to characterize them to possibly find new
antibodies with useful detection and monitoring potentials. In
this regard, we used a synthetic CD44v6 peptide and conju-
gated it with KLH as carrier protein for immunization. The
use of synthetic peptide immunogens as tools for generating
specific immunological reagents for a variety of purposes has
increased markedly in recent years.*® Using this approach,
after fusion of myeloma cells with splenocytes from immu-
nized mice, several hybridoma clones were obtained, of
which six were reactive with CD44v6 peptide coupled to
KLH. In order to characterize the antibodies their reaction
with CD44v6 positive Mo7e and U937 cell lines and CD44v6
negative cell lines HL60, LnCap and Jurkat were investigated
by flow cytometry method. All monoclonal antibodies re-
acted with CD44v6 positive cell lines Mo7e and U937 in
flow cytometry. This would be an important characteristic
of the antibodies since targeting of tumor cells with
monoclonal antibodies for immunotherapy of cancer re-
quires the reactivity of the antibodies with the native target
protein on the tumor cell surface. In this context, our
monoclonal antibodies seem to meet the preliminary re-

quirement for use in immunotherapy of CD44 expressing
tumors. In addition, our antibodies reacted with the CD44v6
positive U937 cell line in immunochemistry studies, which
is also an important characteristic for these antibodies to
make them suitable candidates for diagnosis of CD44v6
positive tumors. As in other studies, CD44v6 antibodies for
immunotherapy and diagnosis of CD44 expressing tumors
have been used.®’*? None of the monoclonal antibodies
were reactive with CD44v6 negative cell lines LnCap and
Jurkat cells. We showed the lack of CD44v6 gene expres-
sion in these cell lines by RT-PCR, which support the pro-
duction of highly specific monoclonal antibodies against
CD44veo.

With respect to HL60 cells, these cells have been known as
non-surface CD44v6 expressing cells.*? As our results
show, the monoclonal antibodies produced in the present
study did not react with this cell line. However, in line with a
previous study,®> when the CD44v6 transcript was surveyed
by RT-PCR using CD44v6-specific primers, a clear band of
the right size was amplified. The discrepancy between protein
and transcript expressions in this cell line might represent
transcription of the gene but not continuation to translation to
the protein. Additionally, one may argue that DNA contam-
ination might result in amplification of the gene in PCR. This
was ruled out in our experiments as we administered DNAase
I treatment on all extracted RNA samples to avoid contami-
nating DNA amplification in RT PCR.

In conclusion, in this study six anti-CD44v6 monoclonal
antibodies were produced. The antibodies demonstrated re-
activity with CD44v6 positive cell lines, suggesting their
potential as a diagnostic tool for CD44v6 positive tumors.
Further studies are needed to determine the functional role of
these antibodies and their usefulness in the immunotherapy of
cancer.
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