Gastric cancer progression may involve a shift in
HLA-E profile from an intact heterodimer to
B2microglobulin-free monomer

HLA-E during progression of gastric cancer

Tumor cell-surface HLA-E binds to CTL/NKT inhibitory-receptors to sceytotoxicity.
HLA-E-expression includes intact-heterodimer 2dn-free-monomers. The mAb TFL-033
is HLA-E monospecific; MEM-E/02 reacts to both HLA-E and HLABRmM-free-monomers
Only TFL-033 stained normal-mucosa cytoplasm; Incidence of cell-surfacegtaith
TFL-033 is higher for diffused carcinoma, early stages (I/Il) and non-or uretitfated
tumors; the incidence of MEM-E/02 staining is higher for adenocarcinoma andatietas
lesions. B2m-free-monomers increased with tumor-progression and in the presdrbgy.of
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Abstract

Phenotypic expression of HLA-E on the surface of tumor lesions include intact
heterodimer (HLA-E heavy chain a@-microglobulin 32m) and32m-free monomer Anti-
HLA-E monoclonal antibodies (mAbs), MEM-E/02 or 3D12 bind to the peptide sequences, in
32-microglobulin-free HLA-E, which is common and shared with HLA-la monomersevily
developed monospecific anti-HLA-E mADb (TFL-033) recognizes HLA-E-&stli peptide
sequences onl anda?2 helices, away fron2-m-site. Tumor progression may involve
shedding of32-m from HLA-E or overexpression @8m-free monomers. There is a need to
identify and distinguish the different phenotypic expression of HLA-E, partigulaelintact
heterodimer from th@2m-free monomer on the surface of tumor lesions. Due to the unique
peptide binding affinities of the mAbs, it is hypothesized that TFL-033 and MERI+BAY
distinguish the phenotypic expressions of cell surface HLA-E during stages of tumor
progression. Only TFL-033 stained diffusely the cytoplasm of normal mucosa. Tdenoe
and intensity of TFL-033 staining of the cell-surface in early stages, poorly ofanadtfated
and non-nodal lesions, and in diffuse carcinoma is greater than that of MEM-E/02. $Yherea
MEM-E/O2 stained terminal stages, adenocarcinoma and lymph node netastans
intensely, either due to increased expressidiRai-free HLA-E with tumor progression or due
to expression of HLA-la molecules. This study evaluates the relative dimgmatential of
HLA-E-monospecific TFL-033 and the HLA-la-reactive MEM-E/02 for detaing the
specific distribution and immunodiagnosis of different phenotypic expression HLAdmMDT t
lesions, and the structural and functional alterations undergone by HLA-E during tumor

progression. (Words: 244)



Introduction

Structural and functional alterations of human leukocyte antigens (HLAnaheated
in tumor immune escape (1). The escape mechanism involves loss or downregulation of
classical HLA class | antigens (HLA-A,-B,-C) and/or aberrant overssoa of non-classical
HLA class | antigens (HLA-E, -G). Consequently, these changes in HLA classk®
decreased recognition or destruction of tumor cells by immune cytotoxic e$fetiainly
cytotoxic lymphocytes (CTL) and natural killer T (NKT) cells (1).

On the surface of both normal and cancer cells, HLA class | molecules aresegpres
at least two distinct phenotypic forms: as heterodimers associatef2amicroglobulin 32m),
recognized by the monoclonal antibody (mAb) W6/32 (1); arfiRasfree HLA class |
a-chains or heavy chains, recognized by mAbs like LA-45 (2, 3), HC10 (4), L31 and M38 (5).
Phenotypic expression of HLA-E also include an intact heterodimer B&itt) and in32m-free
a-chain monomer. Since HLA-E expressed on tumor cells has been shown to protecttisnor
from cytotoxic killing CD8+ T cells (6-8) and to serve as a major ligand for itoinjbreceptors
CD94/NKG2A on CD8+ CTL and NK T cells (NKT) (9-12), precise characteanaif the two
forms of phenotypic expressions of HLA-E would enable pathologists to distinguish stages
tumorigenesis and oncologist to evaluate the functional implications of phenotgpétiahs to
develop suitable immunotherapeutic strategies. Furthermore, the proisflangraytokine,
interferon-gamma (IF, upregulates HLA-E on the surface of tumor cells (13, 14). Such
upregulation may result in the loss of fs#&m followed by shedding of heavy chains of HLA-E
in the tumor microenvironment (1, 8, 15). Therefore, anti-HLA-E mAbs that cangiisth
intact fromp2m-free HLA-E would be valuable diagnostic tools for defining the structural and
functional alterations associated with HLA-E during tumorigenesis and tumgregsion.

The presence of HLA-E has been identified using one of the two commercialgtdeail
mAbs, MEM-E/02 or 3D12, in breast cancer (16, 17), ovarian and ckceiceer (8, 16, 18, 19),
melanoma (13, 14, 16,19), glioblastoma (20-24) laryngeal carcinoma (25), colorectedroarci
(26-28) renal cell carcinoma (29, 30) , lymphoma (31) and Hodgkin (32). However both MEM-
E/02 and 3D12 lack specificity for HLA-E, since they also react with severkdsattéHLA
class la molecules (HLA-A, -B and -Cw) (for details see, 33, 34). It was dotedn3, 34)
that the reactivity of MEM-E/02 and 3D12 to HLA-E as well as HLA class l&oubés is
inhibited by peptides{'DTAAQI**? QFAYDGKDY'%, 1?0 NEDLRSWTA™) that are

cryptic and masked H§2m in intact heterodimer of HLA-E (for structural figures of crypticity,



see 37). It was established clearly, that MEM-E/02 and 3D12 recdiftnzdree HLA-E and
HLA class la alleles (33, 34). In our earlier work (see Table 2 in 34), welislageamino acid
sequences specific (or restricted) to HLA-E, and thus not found in other clagsdlldles.
These peptides are located on the surfacelanda2 helices, not masked I32m. We have
developed several mouse mAbs using heavy chain of HLA-E. One of these mAbs (TFL-033)
recognizes the HLA-E-specific peptide sequences, and is considered mono$pekifia-E*.
A mAD that recognizes specificalB2m-associated intact heterodimer of HLA-E (TFL-033)
together with MEM-E/02, that recognizB2m-free monomer of HLA-E would be valuable in
the characterization of alternations undergone by the phenotype of HLA-E during tumisrgenes
and tumor progression.

Since TFL-033 is a novel mAb, the immune reactivity is characterized by peptide
inhibition, documenting its unique specificity and selectivity. The religialitd the relevance
of the specificity is further assessed after exposing the cells to pnomésory cytokine IFM
which is known to upregulate the expression of both forms of HLA-E. We hypothesize that
both mAbs, TFL-033 and MEM-E/02, may serve to distinguish intact heterodimer of HLA-E
from B2m-free monomer of HLA-E, because identifying the two distinct forms &-HLsheds
light on the functional implications during malignant transformation and tumor pramgress
Furthermore, in order to evaluate the diagnostic potential of the transfommatlergone by
tumor-associated HLA-E molecuper se, the expression and distribution of intact heterodimer
andp2m-free monomer of HLA-E in normal gastric mucosa is compared with primary and

metastatic phases of tumor progression of the gastric cancer, known to expreEs(B&,/A86).
Materials and Methods

mADbs

The HLA-E-specific mAb TFL-033 was produced following the guidelines in thetrepor
generated by the National Research Council’s Committee on Methods of Prodweingldhal
Antibodie<€’. The recombinant polypeptides of HLA®’ (heavy-chain only; 10 mg/ml in MES
buffer) were obtained from the Immune Monitoring Lab, Fred Hutchinson Cancerétesea
Center (University of Washington, Seattle, WA). Each antigen was immuniized whifferent

' The monospecific monoclonal anti-HLA-E mAb, TFL-033, was developed by Dr. Mepur H. Ravindranath and Prof.
Dr. Paul I. Terasaki in 2011/12, and is under patent consideration.



mice. Fiftyug of the antigenf2m-free heavy chain) in 190 of PBS (pH 7.4) were mixed

with 100pl of TiterMax® Gold adjuvant (CytRx Corp., San Diego, CA) before injection into
the footpad and intraperitoneum of the mice. Three immunizations were given at aboyt 12-da
intervals. The clones were cultured in a medium containing RPMI 1640 w/L-gheamnd

sodium bicarbonate (Sigma-Aldrich, St. Louis, MO, cat. no. R8758), 15% fetal calf serum
0.29mg/ml L-glutamine/Pen-Strep (Gemini-Bio, MedSupply Partners, Atlantac&Ano. 400-
110), and 1mM sodium pyruvate (Sigma, cat. no. S8636). Several clones were also gigwn usi
Hybridoma Fusion and Cloning Supplement (HFCS) (Roche Applied Science, Indian&jolis,
cat. no. 11363735001). Isotypes of the mAbs were characterized, and no IgM raletested.
The TFL-033 mAbs purified from HLA-E hybridoma supernatant (TFL-033s) and thogeguri
from ascites of hybridoma immunized in BALB/c mice (TFL-033a) were used. Bakbsm

were used for immunohistochemistry, and TFL-033a was also used for flow cytometry. The
mAb MEM-E/02 (Thermo, NJ, cat. no. MA1-19309), which binds the heavy chain polypeptide

of HLA-E, was used for both immunohistochemistry and flow cytometry.

Tissue Microarrays (TMA)

Three TMA (US Biomax, Inc., Rockville, MD) were carefully selected for
immunohistochemistry, based on the detailed information provided by the supplier. The cores
of all TMA were 1.5 mm in diameter andudn thick. In the TMA (BN01013a) of normal gastric
mucosa (n = 68), four cores were excluded because there was no normal construction of
stomach mucosa or not enough to read. TMA (ST8015) of primary gastric cancer includes 30
adenocarcinoma (row A1-10, B1-9, C1, F4-10,G1-3) 40 diffuse carcinoma (B10, C2-10, entire
row of D & E, F1-3, G4-10) and 10 normal gastric mucosa (entire row H) with information on
pathological diagnosis, TNM grading, and cancer grade. The array includes weedrditfted
(row Al1-3), moderately differentiated (rows A4-10, entire B, C1), poorly diffextadi (row
C2-10 entire D, E & F, G1-6), and undifferentiated G7-10). The array also includesIdiage
IV as follows: Stage I: Al, 4, 10, C2, D6, 7, G7, 8, 9 (n=9), Stage Il (n = 38) Stage lll: A2,7,
B5-7, 9, D1, 4, 8, E2, 5, 8, 10, F1,2,7, 9, 10, G3, 5, 6 (n = 21). Stage IV: E9, G4 (n =2);), TMA
(ST8013) of metastatic gastric cancer includes 5 peritoneal metéestéise row A), 3 Liver
metastasis (row B1-3), 5 Ovarian metastasis (row B4-5, C1-3), 27 Lymph node sie{asta
C4-5, entire rows of D,E,F,G & H).



Cell lines

Four gastric cancer cell lines were obtained in 2012 from the American TypgeCult
Collection (Rockville, MD): AGS gastric adenocarcinoma, primary (ATCC Ba:CRL-1739),
SNU-1 gastric carcinoma, peritoneal metastasis (CRC-5971), KATO-lligaarcinoma, liver
metastasis (HTB-103) and NCI-N87 gastric carcinoma, lymph node meta€ig&i5822)
(derived from primary lesion, peritoneal metastasis, lymph nodastasis and liver metastasis).
ATCC certificate/authentication details of these cell linesaaedlable on line with product
information sheet at www.atcc.org/
and order in voice (# SOE69838) is appended as supplemental files. All cell liees wer
supplemented with RPMI 1640 and 15% fetal bovine serum, and cultured in 5#nG05%

air at 37°.

Immunoassay to characterize the specificity of mAbs

To determine the monospecificity of the mAbs for HLA-E, multiplex Lumirkased
immunoassay (One Lambda, Inc., Canoga Park, CA) was used, as described elsewhere (33, 34,
37). The purified culture supernatants and ascites of mAb TFL-033 and of MEM-E#®2 fro
commercial sources were serially diluted with PBS, pH 7.2, and added to theamdising
the microbeads coated with HLA-E heavy chain and HLA class la alleles. Usinaseaflow
cytometry (Luminex xMAP multiplex technology), single antigen assays were carried out for
data acquisition and analysis of anti-HLA-la and anti-HLA-E Abs (33, 34, 37). The
LABScreef? Single Antigen (One Lambda) assay consists of a panel of color-coded
microspheres (single antigen beads), coated with HLA antigedentify antibody specificities.
The single recombinant HLA-Ia antigens in LS1A04-lot 005 were used for screeninglise m
This lot contains 31 HLA-A, 50 HLA-B and 16 HLA-Cw allelic molecules. The beads sdpplie
by the manufacturer may have two categories of proteins attached to the beadsamMy-A he
chain polypeptide only or heavy-chain polypeptides in associatior@atticroglobulin. For
coating the microbeads with HLA-E, the recombinant HLA-E, HLA-F and HLA@ed heavy
chains (10 mg/ml in MES buffer) were obtained from the Immune Monitoring Lab, Fred
Hutchinson Cancer Research Center. The recombinant HLA-E, HLA-F and HLAV@ he
chains are individually attached by a process of simple chemical couplingptom 56lystyrene
microspheres, which are internally dyed by One Lambda with infrared fluorophoredLARe
la microbeads have built-in control beads: positive beads, coated with human IgG divé nega
beads, coated with serum albumin (Human or bovine). For HLA-E, HLA-F and HLA-G, the



control beads (both positive and negative) were added separately. Data generdtathimix
Multiplex Flow Cytometry (LABScan 100) were analyzed using the same compiiteaise
and protocols reported earlier. For each analysis, at least 100 beads were coearedndv
standard deviation of MFI for each allele were recorded. All the datasieeesl and archived

at the Terasaki Foundation Laboratory; basic statistical analyses weeenntia Excel software.

Peptide inhibition assays

Peptide inhibition assays were performed as described earlier for MEAWsE/02 and
3D12 (33, 34, 37). In contrast to the peptides used for those mADbs, two different HLA-E
restricted peptide§’RSARDTA", “*SEQKSNDASE®? were used for inhibiting the binding of
mAb TFL-033 to HLA-E. The peptides were synthesized by GenScript Corporation
(Piscataway, NJ), purified in a reversed-phase 4.6 x 150 mm kélu@n (VP-ODS,
Shimadzu, Columbia, MD)—with pump A containing 0.065% trifluoroacetic acid in 100%
water, and pump B containing 0.05% trifluoroacetic acid in 100% acetylnitrile-fleat/ aate of
1.0 mli/min and measured at 214 nm (detector A, Ci&yious concentrations of peptides
(serially diluted from the initial concentration of 1@ to 100ul) were added to the mAb TFL-
033 (7ul) and further diluted by adding 14 of PBS-BSA pH 7.0 (final dilution 1/1200) then
exposed to i of beads. PE-conjugated anti-mouse IgG was used for the LabScreen assay, and

each experiment was done in triplicate.
Immunohistochemistry

Immunohistochemistry was performed using TMA described above. Slides were
dewaxed, rehydrated and heated in a water bath at 99°C for 20 minutes in sodium cfaate buf
(pH 6.0), followed by cooling at room temperature for antigen retrieval. Endogenous peroxidase
activity was inhibited with dual endogenous enzyme block (Dako, Carpenteria, CA)nSect
were blocked with 10% normal goat serum. Primary Abs MEM-E/02, TFL-033a and TFL-033s
were diluted, respectively, 1/100, 1/10 and 1/10 in 3% normal goat serum, and added to each
section. Primary Abs were incubated for 60 minutes at room temperature. Theasg@dnch
biotinylated goat anti-mouse IgG (Vector Laboratories, Inc., Burlingame,diladed 1/200,
was incubated for 30 minutes at room temperature. Sections were incubated with
immunoperoxidase (ABC Kit, Vector), washed, and developed with diaminobeaZ@IAB kit,
Vector). Slides were counterstained with hematoxylin. Negative contsopregared by



omission of the primary Ab. Positivity of TFL-033 was defined as being positive for bath T
033a and TFL-033s.

Immunofluorescence analysis

Each cell line was incubated 72 hours under the conditions described above with or
without three dilutions (200, 400, 800 1U/ml) of IFKR&D Systems®, Minneapolis, MN, cat.
no. EA5412041), (50, 100, 200 1U/ml) of ThFand (400, 800, 1600 IU/ml) of IL-6. For
detection of HLA-E on cell surfaces, cells were stained with MEM-E/B2;033a, CEA and
CA19-9 mADb for 60 minutes at 4°C. After washing, cells were incubated for 30 mintites wi
the secondary FITC-labeled mAb and analyzed on a FACScan™ flow cytometer using
CellQuest™ software (BD Biosciences, San Jose, CA). Positive signal foiEHxpression
was calculated as being the ratio of positive signal with the specificrmAus the ratio of

positive signal with the negative control.
Results

Monospecificity of mAb TFL-033 and inhibition of HLA-E binding with HLA -E-specific

peptide sequences.

Table 1A compares mAb MEM-E/02 that binds not only with HLA-E but also with
several HLA-la alleles with the purified culture supernatants (s) aniteplascities (a) of mAb
TFL-033 that binds and recognizes specifically HLA-E. The mAb TFL-033 did not reidct wi
HLA-A, -B or -Cw nor with HLA-F or HLA-G at any of the dilutions tested. ImportanilFL-
033 was inhibited by two HLA-E-restricted peptid®&®SARDTA™, and
13SEQKSNDASE®¥ound onal anda?2 helices, at a site away from the locatiof32fm
(Table 1B). . The peptidé**SEQKSNDASE®? showed stronger inhibition of TFL-033 binding
to the HLA-E, on the the microbeads (Table 1C). Table 1D shows the amino acids in
®>RSARDTA"! that are recognized by the CD94 receptor present on the surface of CD8+
cytotoxic T cells and NKT cells, which are involved in binding to HLA-E. Sinyilashe of the
amino acids in the peptide sequetSEQKSNDASE'*?is recognized by NKG2a receptor on
the surface of the CD8+ T cells, thus pointing out that the mAb TFL-033 receghezpeptide
epitopes recognized by CD94 and NKG2a receptors of CD8+ T cells.



Evaluation of immunostaining of normal gastric mucosa and gastric cancer

HLA-E positivity to MEM-E/02 and TFL-033 can be evaluated as follows:

1. positive to both TFL-033 and MEM-E/02 may indicate reactivity with intact as
well as32m-free HLA-E;

2. TFL-033-positive and MEM-E/02-negative confirms the presence of intact
HLA-E;

3. TFL-033-negative and MEM-E/02-positive may indicate the preseng2nof
free heavy chains of HLA-class | molecules; or fBen-free heavy chains of
HLA-E monomer may denatured in such a way that TFL-033 cannot recognize

its specific epitopes.

Negative controls were completely negative in all cores (Figure 1). AF@ble 2 and

Figure 6 summarize the immunostaining by the three mAbs.
Differential staining of normal tissues by mAbs MEM-E/02 and TFL-033.

Normal stomach mucosa consists of mucous neck cells (goblet cells), acid producing
parietal cells, pepsinogen-secreting chief cells and the musawéarrof mucosa (Figure 1.1 D-I).
Among these cellular components of the cytoplasm of the normal stomach mucosafthe chi
cells and the parietal cells stained intensely by TFL-033a (purified froitirea$ (arrows in
Figures 1.IE & H) and TFL-033s (purified from culture supernatant) (arrows in Bigufe &

); the cytoplasm of the chief cells had strong intensity (arrows)an eare (Figure 1.1H & I).
Mucous neck cells and muscular layer stained feebly or failed to stain in eachositiee P
staining was consistently observed in the cell cytoplasm. Intensity of staining_-by3B& was
higher than by TFL-033s in all cores. Staining of the cell surface could not be dstedui
MEM-E/02 failed to stain normal gastric mucosa (Figures 1.ID & G). In the Tahle 2
immunostaining analyses of an array (BN01013a, n =68) of normal stomach mucosal tissue
samples are summarized in a single row. MEM-E/02 stained weakly only 2 of 68 (3.1%)
samples in the cytoplasm region. With both MEM-E/02 and TFL-033, 11 of 68 (17.4%) tissue
samples stained in the cytoplasmic regions of the tissues. MEM-E/02 faitlatht®65 of 68
(88.9%) tissue samples, whereas TFL-033a stained intensely 50 of 68 (79.3%) tigdes sa

the cytoplasmic regions. More samples were stained by TFL-033s (89.7%) (Table 2e Thes
normal gastric mucosa tissue samples were obtained from the cancer patientsether the



normal stomach mucosa includes any inflamed tissue could not be confirmed by microscope in

all cores.

Differences in the staining patterns of an array of gastric cancer tssies

Primary gastric cancer tissues (ST 8015)

Gastric cancer TMA consist of adenocarcinoma (n=30) and diffuse carc{ne#@)
(Figure 1.1l A-B. Table 2 summarizes the immunostaining of the different tumor stages
examined, which include T1, T2 (n=15) and T3, T4 (n=55), and the primary with negative
(n=41) and positive (n=29) nodal involvement. In addition, 47 tissues at the early ($t&d8
and 23 tissues at the advanced stages (Il & IV) were examined; they includet 21 w
differentiated types (grades 1 & 2) and 47 poorly differentiated types (grades 3 &b
MEM-E/02, 21 of the 70 primary gastric cancers stained. In comparison, TFL-033a and TFL-
033s stained, respectively, 26 and 27 primary cancer tissues (Table 2).

In adenocarcinoma, immunostaining was more intense on the cell surface andraso in
cytoplasmic region of the gland. Immunostaining was more intense with MEM-B{2dA -

Il A and D). There was no difference in the basic staining pattern (cell surface nereeant
than the cytoplasm between MEM-E/02 and TFL-033a/s. MEM-E/O2 stained 12 of 30 tissue
samples (40%) and the incidence is higher than that of TFL-033 (27-30%)

In diffuse carcinoma, positive staining was also prominent on the cell surfdde the
cytoplasm of the cancer cells (Figure 1-Il E and FFL-033 stained 18 of 40 tissue samples
(45%), a higher incidence of staining than that of MEM-E/02 (23%) (Table 2). Theryprima
when the node was negative for metastasis, had significantly more positive stathiiéL-

033 than when node-positive. The staining intensity was greater in early stagies tha

advanced stages.
Metastatic region of gastric cancer (ST 8013):

TMA of metastatic gastric cancer included 5 peritoneal, 3 liver, 5 ovarian and 27 lymph
node metastases. With the mAb MEM-E/02, 21 of the 40 metastatic carcinomed stai
intensely (53%), higher than that of TFL-033 (38-40%) (Table 2).

Lymph node metastasis stained with higher intensity than other metésstains. The
staining was observed in both the cell surface and the cytoplasm. In peritoreesaagigt with

all the mAbs, positive staining was observed mainly in cytoplasm (Figure 2:IA-&taining of



liver metastasis was much stronger by MEM-E/02 (Figure 2-1D) than by TFL-0O@BaFR.-

033s (Figure 2-1E & 5F). In contrast, TFL-033a and TFL-033s stained both ovarian (Figures
5G-1) and lymph node metastasis (Figures 5J-L) more intensely, the staieingjtyngreater

than by MEM-E/02. With lymph node metastasis, the incidence of staining by TFL-033 was
about 40%, whereas the incidence of staining by MEM-E/02 is much higher (55.6%@ ZJ.abl

Effect of proinflammatory cytokines on the cell surface expression diLA-E by gastric

cancer cell lines

To assess the role of proinflammatory cytokines on surface expression of HLAAE, HL
E expression in four human gastric cancer cell lines was examined after expegied lines
to the three kinds of cytokines and by immunostaining with MEM-E/02 and TFL-033. The flow
cytometric profile of IFNy-treatment of different gastric cancer cell lines (AGS, primary
adenocarcinoma cell line; SNU-1, peritoneal metatstatic cell, IKK&FO III, lymph node
metastatic cell lines; and NCI-N87, liver metastatic cell limgysMEM-E/02 and TFL-033a
reveal that different cell lines respond differently to \FNMIEM-E/O2 stains HLA-E post-
IFNyin SNU-1, KATO-Ill and NCI-N87 cell lines, whereas TFL-033 stains KATIGxhd
NCI-N87. The positive signals of KATO-III and NCI-N87 were amplified by usingylFidése-
dependently, up to 20% (Figure 3) but were not amplified using eithea. %) or IL-6
(0.6%).

Discussion

A number of investigators have studied HLA-la expression in normal gastric aucos
(38-41). Using mAb PA2.8HLA-E reactivity not known the “heavy chains of HLA-1a” was
found to be “only weekly detectable” (38). Using mAb W6/32, Garrido and co-investigators
(39-41) have also studied the expression of HLA-Ia alleles on normal gastric nubesa t
feebly reactive. W6/32 staining was more intense in actively dividing gaatréeccells and
the tumors tend to lose the expression. Consequently, 10% of gastric carcinomas did not show
W6/32 reactivity on the surface and the majority of gastric cancers reaeaétiio W6/32. A
similar decrease in the expression of HLA class la molecules in geesticer was reported
subsequently (42). While examining HLA-la expression in breast cancer tissugsgeleiral
(43) relied upon paraffin sections for observing significant decrease in the esprasiLA-la
antigens. However, these investigators are not aware at that time timetlihéV6/32 or
HCA2, or HC10 are reactive to HLA-E heavy chains (44, 45). Since mAb W6/32 redus to t



heavy chains of both HLA-E and HLA-la molecules similar to MEM-E/02, the obsengatan
be compared with that of MEM-E/02 or even 3D12, but cannot be related to the staining of
HLA-E-monospecific mAb TFL-003.

The enhanced reactivity of the mAb MEM-E/02 in gastric cancer tissues@ttfabm
late stages, adenocarcinoma and lymph node metastatic lesions suggesseihekpression of
B2m-free HLA-E with tumor progression (Figure 4B). This inference is based upoartar e
observations (33. 34, 37) that the binding site (peptide epitope or sequence) of MEM-E/02 is
located at the site at whi@2-microglobulin is present (see Figure 4 in 37). These peptide
sequences are considered cryptic, since they are mask2dmigroglobulin (see also Figure
4B). MEM-E/02 or 3D12 or any other mAb cannot assess to this site when HLA-E tsamdiac
expressed as an heteromer vd#amicroglobulin. Furthermore, our earlier data (33, 34, 37)
show how we have identified these cryptic peptides as the binding sites for theEX0E2NMsing
the cryptic peptides (e.d>>QFAYDGKDY*?®) (see Figures, 2 and 4B in 33) for inhibiting the
binding MEM-E/02 to HLA-E. Most importantly, this peptide sequence
(***QFAYDGKDY %) shared by the monomers of both HLA-E and other HLA class la alleles
(33,34,37), not only inhibited the binding of MEM-E/02 to HLA-E but also to HLA-B and
HLA-Cw alleles In the intact HLA-E or HLA-E heteromer, these sharptigeesequences are
masked by the presencef#m. However, upon dissociation and sheddin@avh, they are
exposed in the heavy chain of HLA-E (33, 37). Since these peptide sequences are hidden by
B2m in intact HLA-E, MEM-E/02, may not be useful for monitoring the expression of intact
HLA-E—although immunostaining with MEM-E/02 may be useful to mor@&m-free HLA-E.
It is obvious that MEM-E/02 may recognize monomers of both HLA-E and HLA-la molecules
on the cells.

However, since the peptide sequences recognized by MEM-E/02 are not only restricted
to HLA-E but are also present on several HLA-la molecules (33, 34), MEM-E/Q&/ftgsi
should be verified by staining with TFL-033. As indicated in Figure 2C, MEM-E/02 positivity
in conjunction with TFL-033 negative staining does not indicate the presence of HRAFE
results show that MEM-E/02, in contrast to TFL-033, rarely stains normal gasicizsa but
does stain gastric cancer tissues.

Our observations showed that TFL-033 recognizes the two HLA-E-restricted geptide
> RSARDTA and**SEQKSNDASE** —|ocated oroil anda2 helices of intact HLA-E. It is
important to note that these two HLA-E-restricted peptides may also octhafizm-free

heavy chains of HLA-E. The cytoplasm of normal gastric mucosa was stained by bod33 FL-



and TFL-033s but not by MEM-E/02, confirming the presence and distribution of intact HLA-E
in normal mucosa, mostly in chief and parietal cells. Note, also, that thatintefis-L-033
staining of gastric cancer cells is considerably less that when & staimal gastric mucosa,
indicative of the alteration undergone by HLA-E when normal gastric mucosa trags$fidom
cancer. The alteration of cancer cells during malignant transformation and tumesspragis
confirmed by positive and intense immunostaining with MEM-E/02. The flow cytametri

profile of IFNy-activated metastatic cell lines showed higher intensity of immunosjeoy

both TFL-033 and MEM-E/02, indicative of overexpressiofzih-free HLA-E, which has the
propensity to shed in the tumor microenvironment and circulation (13).

TFL-033a and TFL-033s showed no cross-reactivity with other HLA class | aleles
HLA-A, -E, -Cw, -F or -G (Figure 1). Although TFL-033a, purified from ascites, hatbagsr
positive signal than TFL-033s, the staining pattern was almost identicaldveti=two mAbs
(82.6% identical in cancer cell and 96.8 % identical in normal stomach cell)ndilerice and
percentage of staining of gastric adenocarcinoma by MEM-E/02 was notably hieyménah by
TFL-033, whereas the reverse was true for diffused carcinoma, suggestiggnhfxee heavy
chains may be more prevalent in adenocarcinoma than in diffuse carcinoma. Cafitisema,
including signet-ring cell and mucinous carcinoma, showed greater positivity wit®3FL
than did adenocarcinoma.

Tumor progression, as evidenced by the infiltration and invasion of the primary tumor to
lymph nodes and other organs (T1 to T4), is indicated by differences in the incidenceig stai
of both MEM-E/02 and TFL-003. A careful comparison of the immunostaining of the two
different antibodies presented in Table 2 and summarized in Figure 4A revealshange
undergone by the HLA-E phenotypes (intact HLA-E or HLA-E heterodimefandfree
heavy chains of HLA-E or HLA-E monomer). First of all, the incidence ofisigiof TFL-033
is greater for T1 and T2 than for T3 and T4, Stages | and Il than for stage Ill and IV, as well a
for undifferentiated (grade 4) and poorly differentiated (grade 3) (Figurehdf)for grade 1
and grade 2 tumor tissues suggesting the higher prevalence of intact HLA-E hetbeonibe
B2m-free monomers. Secondly, the reverse is true for mAb MEM-E/02 indiaztprogressive
increase in the expressionfg#m-free heavy chains when primary tumor infiltrates serosa and
organs, lymph nodes, when the stage progresses to T3 and T4 and when moderately or well
differentiated tumors (Figure 4A). These two salient findings with the two reiddpgest that
the prevalence of intact HLA-E heteromers in early stages of tumorigamesossible

emergence db2m-free heavy chains due to loss or sheddirf8Rai at later stages of tumor



progression (Figure 4B). It is important to note tnatanda2 helices of either intact HLA-E or
the heavy chain only can contribute to the inactivation of cytotoxic CD8+ T celNknhaells
by binding to CD94 and NKG2a receptors on the cytotoxic cells. The relationship between
different phenotypes of HLA-E overexpression and cancer progression has been reported
frequently (13-32). HLA-E molecules have often been implicated in tumor progressarsbec
of their capacity for binding the inhibitory receptor CD94/NKG2A expressed byaDdLNKT.

It was proposed that HLA-E overexpression favors tumor cell escape fromr@dikar

immunosurveillance (6-12).

Proinflammatory cytokines may activate the expression of HLA-E (13, 14). The positive
signals of metastastic cell lines KATO-IIl and NCI-N87 were amplifieth IFNy treatment in
a dose-dependent manner. Since both MEM-E/02 and TFL-033 recognizes {adéidted
HLA-E overexpression in KATO-IIl and NCI-N87, it is inferred that these loels overexpress
HLA-E without B2-microglobulin. Specific staining of SNU-1 by MEM-E/02 but not by TFL-
033 points out that the staining may not be due to HLA-E but could be due to HLA-la alleles.
These results support the previous findings (13, 14) to show thatinBENces anti-tumor
responses by HLA-E upregulation. It is important to note that immunostaining ofehe i
metastatic cell lines by MEM-E/02 is more intense that that by TFL-0330mMypthis
observation confirms our observations made on paraffin sections (presentetki)Tak also
point out that IFN may contribute to the overexpressiorf@m-free HLA-E. The high
intensity of the live cell staining with MEM-E/02 may not only confirm upregulatfo@2m-
free HLA-E, but also upregulation @&2m-free HLA-la alleles, since this particular mAb binds
to the peptide sequence shared by both HLA-E and HLA-la molecules. Possitdgieasréo
regulate secretion of IFNn the tumor microenvironment may be useful to control tumor
progression.

Thus our results confirm the presence of different phenotypes of HLA-E, namely the
presence of intact heterodimer (wiBm) andB2m-freea-chain monomer. HLA class-I
antigens after presentation of the peptides undergo structural changestrasat in Figure 4B.
After the loss of peptide2m does not remain associated with the heavy chain. L{grof
exposes the cryptic epitopes hidder@yn. The heavy chain monomer may undergo
denaturation on the cell surface or even after shedding into the surrounding miomeewi.
We envisage that the cryptic epitopes as well as the altered moremmeesognized by B cells

for antibody production. Figure 4B succinctly summarizes the diagnostic potential leLA-



E monospecific mAb TFL-033 compared to MEME/02, which is also reacts with HIsA Ha
alleles, like another commercial anti-HLA-E mAb 3DT2e figure documents the different

sites at which mAbs TFL-033 and MEM-E/02 may bind, based on our peptide inhibition studies
carried out in this study, as well as in an earlier study (33). As noted in this and other
publications (34, 37, 46), MEM-E/02 binding site is shared by both HLA-E and several HLA-la
alleles. Most importantly mAb TFL-033 does not recognize this region but only thersss in

theal & a2 helices, a site at which CD8+ T cell and NKT receptors. CD94 (binds to amino

acid at positions 66, 68 and 73, see Table 1D) and NKG2a (binds to amino acid at position 151).
The binding sites recognized by TFL-033 occur in intact HLA-E with or witRaut

microglobulin as well as in denatured heavy chains as illustrated in the figure.

In conclusion, this is the first study to compare expression of heterodimersAeEHL
andp2m-free HLA-E in normal gastric mucosa and gastric can&ay. histological or histo-
immunochemical documentation of HLA-E either on normal cells or inflamed cellscancer
cells requires such a monospecific mAb. TFL-033 is the only reliable mAb for thaspisince
all the known commercial anti-HLA-E mAbs—such as MEM-E/02, MEM-E/06, MEM-E/07 and
3D12—cross-react with HLA class la molecules(33.34), and hence a reasonable conclusion of
the presence of HLA-E on tissues cannot be derived. Literature cited beloawveall that all
the publications on HLA-E have used these commercial mAbs without evaluatingebéic s
affinity for HLA-E Therefore, using TFL-033 in conjunction with such commercial mAbs is
necessary to confirm the distribution and presence of the two distinct fornhAelEHUsing
just MEM-E/02 or 3D12 may not provide a true picture of the expression of HLA-E in human
cancer; what's more, those Abs may not reveal the intact HLA-E buf3@niyfree HLA-E.

Although the results of our study emphasize the need to use TFL-033, an HLA-la non-reactive
monospecific mAb, for evaluating the relative distribution of the phenotypic exquessi

HLA-E (i.e., with or withouf32m), using both HLA class-la reactive (MEM-E/02) or non-
reactive (TFL-033) mAbs is useful for evaluating the specific distobudind diagnosis of intact
HLA-E in the cell surface of human cancers, and for evaluating the struatdrilrectional

alterations undergone by HLA-E during tumorigenesis, as illustrated in Figure 4B.
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Table 1. HLA-E and HLA-la reactivity of TFL-033a, TFL-033s1:d MEM-E/02. (A) The
reactivity of TFL-033 and MEM-E/02 to HLA-la/-E Aj E-restricted PRSARDTA and
13SEQKSNDASE® recognized by TFL-033 and shared Peptide seqsence
(*™QFAYDGKDY?) recognized by MEM-E/02. For details of the pegsidecognized by
MEM-E/02 see Refs. 33 and 34. (C). Inhibition obtem-G purified culture supernatants of
TFL-033 with two HLA-E-restricted peptides at 0,23/14 pl/well concentration. (D) Peptide
recognized by mAb TFL-033 is also the binding ¢ sif CD94, the CD8+ T cell receptor.

A

Monospecificity of mAb TFL-033 vs HLA-la reactive MEM-E/02
HLA Class la HLA Class Ib
HLA-A |HLA-B |HLA-C |HLA-E |HLA-F [HLA-G

MEM-E/02 | -+ | ++ | +++ | +++| - -

TFL-033s - - - +++ - -
TFL-033a - - - +++ - -
B
Recognition sequences of TFL-033 and MEM-E/02 in HLA Class |
e . HLA Class la HLA Class Ib
Sequence Specificity Affinity HLAA THLAB [HLA-C [HLA-F IHLA-G
®>*RSARDTA" HLA-E restricted |TFL-033 0 0 0 0 0
13SSEQKSNDASE™?  |HLA-E restricted |TFL-033 0 0 0 0 0
1SOFAYDGKDY*?*®  |Polyspecific MEM-E/02| 1 104 75 0 0

C

Inhibition of TFL-033* by HLA-E-specific peptides**
E- specific Peptides |MFI without peptide |MFI with peptide |P-value
®*RSARDTA"* 3759 + 118 3371172 0.03
143 SEQKSNDASE **? 3958 + 118 3155 +117 |<0.003
*: antibody concentration (0.7 pg.14 pl/well):
** peptide concentration (0.27 pg.14 p/well)

D

The peptide sequence that inhibits binding of TFL-033
to HLA-E on solid matrix is located in the region of the
epitope recognized by of CD8+ T cell receptor CD94 on
cell surface HLA-E (The shared amino acids are
indicated in Bold and in shaded boxes)

TFL-033 inhibitory peptide sequence (al)
65 66 67 68 69 70 71 72

R S A R D T A Q
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Table 2. Summary of the results of immunostaining of normbgastric tissue and primary
and metastatic gastric cancers during different stges of tumor progression with mAbs
MEM-E/02 and TFL-033a (purified from ascites) and TFL-033s (purified from culture

supernatant).

Tissue Micro Array

Anti-HLA-E-reactive mAbs

Total

MEM-E/02

TFL-033a

TFL-033s

Characteristics

Incidence

[n]

%

%

%

BN 01013a (Array of Normal Gastric Mucosa)

normal mucosa

68

19.1

100

89.7

cell

63

19

100

96.8

ST 8015 (Array

of Primary tumor tissues)

Normal tissue in ST 8015 10 10 100 100
Primary 70 30 37.1 38.5
- Adenocarcinoma 30 40 26.6 30
ypes Diffuse carcinoma 40 22,5 45 45
primary tumor _|1_'21 (m, sm) Mucogz/lssuki)mucosa 15 20 40 46.6
infiltration in (mp, ss) pro'_“” Ubserosa
gastric mucosa* I3 (sg) Invasion across serosa 55 32.7 36.4 36.4
T 4 (si) organ
Nodal Involvement NO a1 39 512 53.6
YES 29 17.2 17.2 17.2
Stage | T1/2,NO or T1,N1
Stage 1l T3/4ND 47 36.2 42.6 46.8
Stages P
tage Il T4,anyN 23 17.4 26.1 21.7
Stage IV anyT,anyN,M1
Grade 1 Well diff. : 21 429 38.1 38.1
. i Grade 2 moderately diff.
Differentiation Grade 3 poorly diff
Grade 4 noL it 47 234 36.2 38.3

ST 8013 (Array of Metastatic tumor tissues)

Metastatic tumor
types

Metastatic lesions 40 52.5 375 40

peritoneal 5 40 20 20
Liver 3 33.3 33.3 33.3

Ovarian 5 60 40 40
Lymph node 27 55.6 40.4 44.4

Emerging Findings

# The incidence and Intensity of staining by TFL-033 staining normal gastric mucosa is higher than MEM-E/02

# The incidence of MEM-E/02 staining Adenocarcinoma. is higher than that by TFL-033

# The incidence of TFL-033 staining diffuse carcinoma is higher than that by MEM-E/02

# The incidence of E/02 staining of T3 & T4 is higher than the staining of T1 & T2, no such difference is seen by TFL-033

# Of all metastatic lesions, the Lymph node lesions stain well with all mAbs in the following order: MEM-E/02 > TFL-033

* based on TNM Classification of Malignant Tumors (UICC)
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LEGEND FOR FIGURES

Figure 1. Immunostaining of the Tissue Microarray (TMA) ofrn@l gastric mucosal and
primary gastric cancer tissues with mAbs MEM-E/@2 &FL-033s & TFL-033a.

|. Normal mucosal tissues. A: Normal Mucosa; BeAdcarcinoma; C: Diffuse Carcinoma,
Controls stained without primary mAbs: D (x40) &%200); MEM-E/02: E (x40) & H (x200):
TFL-033a: (E: x40; H: x200); TFL-033s: F(x40) &4200). Red arrows indicate intense

staining of chief cells by TFL-033l. Primary cancer tissues. Adenocarcinoma: (A) MEM-
E/02, (B) TFL-033a, and (C) TFL-033s, x200. (A)drarows indicate cytoplasmic staining (B
& C) of glandular epithelia and the intense stagnif the cell surface of the glandular epithelia.
Diffuse Carcinoma stained intensely with MEM-E/@) compared to TFL-033a (E) or TFL-

033s (F),x400. Il . Normal mucosa and different stages of the primdgnacarcinoma,

diffuse carcinoma.

@®: positive for both TFL-033 and MEM-E/0:@ : posiiby TFL-033 only@® : positive by
MEM-E/02 only, O : negative for both mAbsA) Staining of normal mucosa with TFL-033 and
MEM-E/02. (B) Primary adenocarcinoma and diffuseciceoma at different stages of
tumorigenesis by TFL-033 and MEM-E/02.

Figure 2. Immunostaining of array of metastatic gastric catissues. Arrows indicate the

staining intensity on the same core of tissuedVetastatic tissues. Peritoneal metastasis (A)
MEM-E/02, (B) TFL-033a, and (C) TFL-033s, x200.ver metastasis (D) MEM-E/02, (E) TFL-
033a, and (F) TFL-033s, x200. Staining by TFL-0&% performed on a different core.

Ovarian metastasis JGIEM-E/02, (H) TFL-033a, and (1) TFL-033s, x200.rr8ws: staining

on the cell surface. Lymph node metastasis (J) MEOR, (K) TFL-033a, and (L) TFL-033s,
x200. Arrows: the staining on the cell surfacevall as cytoplasmll. A. Positivity of mAbs.

The meaning of circles , interpretation of the fimg$ and a detailed summary of the incidence of
staining with different mAbs used are indicatedAoray of normal stomach mucosa
(BN010123a), primary gastric cancer tissues (STBahf metastatic gastric cancer tissues
(ST8013). B. Staining of an array of metastaisues. The details regarding open, closed and
semi circles are presented in Figure 1.

Figure 3. Flow cytometric profile of staining of different gfaic cancer cell lines: AGS (primary
adenocarcinoma cell line), SNU-1 (peritoneal measitscell lines), KATO Il (lymph node
metastatic cell lines) and NCI-N87 (liver metastatll lines) by MEM-E/02 and TFL-033a
after exposing the cell lines to IyNat varying concentrations, see x-axis) for 72 kour
Different cell lines respond differently to thedtment of IFly. MEM-E/02 identifies the
upregulation of HLA-E post-IFby SNU-1, KATO-IIl and NCI-N87 cell lines, whered FL-
033 identifies the upregulation of HLA-E by KAT@-&nd NCI-N87 respond to TFL-033.
Since both antibodies identify the Iixhediated HLA-E overexpression in KATO-III and NCI-
N87, it is suggested these cell lines overexpraddiésE without 32-microglobulin. Specific
staining of SNU-1 by MEM-E/02 but not by TFL-033ipts out that the staining may not be due
to HLA-E but by HLA-la alleles sharing peptide seques with HLA-E. Since immunostaining
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was seen to increase after exposure to the cytokimkestaining was observed with both the
MADs, it is inferred thgB2m-free HLA-E expression is augmented after exposutFNy.

Figure 4. A. Summary of the diagnostic potential of the HLA-Enaspecific mAb TFL-033
and compares with the commercial anti-HLA-E mAb MEMNI2, which is also reactive with
HLA class la alleles, like another commercial mAR12. Notice the differences in the staining
affinity between HLA-E monospecific mAb TFL-033 aRdLA-E and HLA-Ia reactive mAb

MEM-E/02. B. Diagrammatic elucidation of the different HLA-Egsiotypes during progression
of human cancer, which include, the intact HLA wetkbgenous peptide to be presented, after
loss of the exogenous peptide, which is followedhgdding of32-microglobulin from the

tumor cell surface as well as independent prodocifcheavy chain of HLA-E polypeptides only
under the influence of proinflammatory cytokineSNY) during tumorigenesis. The figure
(based on but extensively modified from Figure 85.Ref. 46) also illustrates the different site
at which mAbs TFL-033 and MEM-E/02 bind, based anmeptide inhibition studies carried
out in this study, as well as in an earlier studgf( 33). As noted in this and other papers (Ref.
34 & 37), MEM-E/02 binding site is masked in intaell surface HLA-E by32-microglobulin.
However, the peptide sequences are shared by hatkB-and several HLA-la alleles. Most
importantly mAb TFL-033 does not recognize thisioagut theal & a2 helices, a site at

which CD8+ T cell and NKT receptors. CD94 and NK®2ad. Table 1b and 1d illustrates the
amino acids recognized by mAb by mAb TFL-033 and lamino acids in this region are
recognized by CD94 receptor. The figure alsotithtes that the binding sites recognized by
TFL-033 can occur in intact HLA-E with or withofd2-microglobulin as well as in denatured
heavy chains as illustrated in the figure. Thedrttegend in the figure reveals the differences
in the regions of the HLA-E polypeptide recognitgdmAbs TFL-033 and MEM-E/02.
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Figure 4
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