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Fis. 2. The number of the multinucleated giant cells was
counted. The nuclei in all of the multinucleated cells with five
nuclei or more were counted. The average number of nuclei was
significantly higher in the RA group. *P<0.05 vs OA.

multinucleated cells were induced by those cytokines in a dose-
dependent manner and then the effect became fixed both in RA
and QA.

Number of resorption pits on the dentin slices, and the
percentage resorption on Osteologic discs

In order to determine the ability of multinucleated cells to absorb
bone, the CDI4-positive monocyte-like cells were cultured in

medium with IL-3 for 14 days on either dentin slices or Osteologic
discs. After the incubation pericd, the multinucleated giant cells
from CDl4-positive monocyte-like cells in the IL-3-stimulated
RA-SF and OA-SF samples formed resorption pits on the dentin
slices. The number of resorption pits formed by the RA-SF was
significantly higher (143.0 2 19.52; P < 0.05) than that formed by
the OA-SF (9.0£2.0) (Fig. 7). Since all of the cultures formed
resorption pits on the Osteologic discs, the percentage resorption
was calculated as the area of resorption relative to the total surface
area of the disc. A marked increase in lacunar resorption was noted
for the RA-SF cultures, in which the extent of resorption was
46.04 £ 6.39%, as compared with that of the OA-SF cultures
(12.38 £2.18%; P < 0.05) (Fig. 8). When the CDI14-positive cells
were purified from RA-SF and OA-SF which does not pre-culture
for 4 weeks, they did not form resorption pits on either dentin slices
or Osteologic discs {(data not shown).

Discussion

In this study, we demonstrated that multinucleated bone-resorbing
giant cells were induced from CD14-positive monocyte-like cells
in both RA-SF and QA-SF. However, the fusion indices and
functional parameters of multinucleated cells that were derived
from CD14-positive monocyte-like cells were increased in the RA-
SF. While the percentages of monocyte/macrophage cells were
similar, the absolute numbers of those cells were significantly
higher in RA-SF than in OA-SF. These results suggest that the
RA-SF contains many more cells with the ability to differentiate
into TRAP-positive preosteoclasts than are found in the OA-SF.
The resorption pits on either dentin slices or Osteologic discs
of multinucleated cells that were derived from CDI14-positive

Fic. 3. Examination of resorption pits formed by multinucleated bone-resorbing giant cells on dentin slices. The CD14-positive
monocyte-like ceils were cultured with IL-3 {1 ng/ml) for 14 days on dentin slices. (A) Resorption pits were observed on dentin slices
by bone-resorbing giant cells which were derived frorm CD14-positive cells from the RA-SF, but (B) not observed from the OA-SF.

Original magnification x200.

&

Fic. 4. Examination of resorption area formed by multinucleated bone-resorbing giant cells on Osteologic discs by using phase-
contrast microscopy. The CD14-positive monocyte-like cells were cultured with 1L-3 (1 ng/mi) for 14 days on Osteologic discs. (A} A
wide-ranging area was formed by bone-resorbing giant cells which were derived from CD14-positive cells from the RA-SF, but (B) not
formed in OA-SF. Original magnification x100.
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Fic. 5. Immunocytochemical examination of multinucleated giant cells which were derived from CDI14-positive cells from the RA-SF.
The CDl14-positive monocyte-like cells were cultured with 1L-3 (I ng/ml). Multinucleated giant cells were positive for (A) carbomnic
anhydrase II, (B) actin, (C) vitronectin receptor, (D) calcitonin receptor. Original magnification x200.
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FiG. 6. IL-3, IL-5, IL-7, GM-CSF and a combination of RANKL
and M-CSF induced the differentiation of CDl14-positive
monocyte-like cells into muitinucleated cells. *P < (.05 vs QA.

monocyte-like cells were increased in the RA-SF. In these
functional parameters, high bone-resorbing activity of multi-
nucleated cells in the RA-SF may be related 1o the survival rate
or the number of multinucleated cells.

We reported previously that CDI14-positive monocyte-like
cells could be induced and maintained in the presence of nurse-like
cells (RA-NLC), which were isolated from RA synovial tissue and
bone marrow [32). These cells expressed TRAP activity, and
differentiated into multinucleated bone-resorbing giant cells when
stimulated with IL-3, IL-5, IL-7 or GM-CSF in the absence of
accessory cells. The RA-NLCs were shown to play animportantrole
in the differentiation and maturation of lymphocytes through
pseudoemperipolesis in RA joints [29-31]. In the primary cultures
of SF mononuclear cells, the relatively large, round-shaped, non-
adherent cells and adherent cells predominated after 3 weeks, and
some of these adherent cells had nursing activities (H. Takano,
personal communication), which suggests that adherent cells with
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Fic. 7. Comparison of capability of resorption pit formation on
dentin slices between bone-resorbing giant cells which were
derived from CD14-positive cells from the RA-SF and QOA-SF.
The number of rescrption pits was counted under microscopic
examination. The number of resorption pits formed by the RA-
SF was significantly higher than that formed by the OA-SF.
*P<0.05 vs OA,

Number of pits

nursing activities may play a role in the osteoclastogenesis observed
in this study.

The multinucleated bone-resorbing cells shown in this study
differentiated in the presence of IL-3, IL-5, IL-7 and GM-CSF.
These cytokines and growth factors are known to promote the
proliferation and differentiation of primitive haematopoietic cells.
IL-3, IL-53 and GM-CSF are produced by activated T cells, and
their receptors contain a common beta subunit [36). In the present
study, we found that CD4-positivity was more prevalent in the RA-
SF than in the OA-SF, which suggests that T cells accumulate and
produce IL-3, IL-5 and GM-CSF in the RA synovial fluid. GM-
CSF is often detected in the joints of RA patients [37, 38], and
synovial RA-NLCs produce GM-CSF in vitro [29, 30]. Matayoshi
et al. [3] reported that both IL-3 and GM-CSF induced the differ-
entiation of haematopoietic precursor cells into osteoclasts in the
absence of stromal cells [3].
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Fic. 8. Comparison of capability of resorbing area on Osteologic
discs between bone-resorbing giant cells which were derived
from CDl4-positive cells from the RA-SF and OA-SF. The
resorbed area on each disc was measured using the MacSCOPE
image analyser. A marked increase in lacunar resorption was
noted for the RA-SF cultures as compared with that of the
OA-SF cultures. *P<0.05 vs OA.

G-

RANKL has been reported as a potent inducer of osteoclast
development from monocytes, and is a key molecule in osteoclas-
togenesis [39, 40]). However, it was very interesting to note that a
mixture of RANKI. and M-CSF exhibited weaker induction of
multinucleated cells than IL-3, JL-5, IL-7 and GM-CSF in our
experiments. This finding suggests that stimulation of I1L-3, IL-5,
IL-7 and GM-CSF at the step of fusion of the pre-cultured CD14-
positive monocyte-like cells is more dominant than RANKL.
However, it is likely that RANKL is participating in differentiation
of CDI4-positive monocyte-like cells into preosteoclasts during the
co-culture with fibroblast-like cells.

In this study, the fusion indices and functional parameters of
the multinucleated cells, which were derived from CD14-positive
monocyte-like cells, were much higher in the RA-SF than in the
QA-SF. This result concurs with the conclusions of previous
reports, in which histochemical studies indicated that TRAP-
positive multinucleated cells were more numerous in the RA
synovium than in the QA synovium [21, 41, 42]. In this study,
similar numbers of CD14-positive cells were cultured from the SF
of RA and QA patients, but there were significant differences
between the RA-SF and OA-SF in terms of fusion indices and bone
resorption activities. Our results suggest that the functions of
CD14-positive cells may be enhanced in RA due to the enhanced
ability of RA-SF stromal cells with nursing activity to support
the differentiation of monocyte-like cells into TRAP-positive
preosteoclasts. A detailed investigation of the differences in
CD14-positive cell populations between RA and QA patients
is underway.

In conclusion, CD14-positive cells and activated T cells in the
RA-SF may play important roles in RA pathogenesis, which is
characterized by progressive bone destruction and the enhanced
function of haematopoietic cells, such as preosteoclast-like cells.
‘These discoveries may provide a tool for understanding the mech-
anisms of bone destruction in RA, and for the development of
effective treatments for joint destruction in RA patients.
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Evidence for existence of oligoclonal tumor-infiltrating
lymphocytes and predominant production of T helper 1/T
cytotoxic 1 type cytokines in gastric and colorectal tumors
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Abstract. Tumor-infiltrating lymphocytes (TIL) play a central
role in cellular immunity against tumor. We have revealed
the characteristics of TILs in terms of T-cell receptor (TCR)
repertoire, T-cell clonality, and cytokine production. TCR
repertoire analyses and CDR3 size spectratyping were
performed using peripheral blood monenuclear cells (PBMCs)
and tissue specimens of gastric or colorectal cancers surgically
resected from 11 patients. The cytokine expression was
measured by real-time quantitative polymerase chain reaction.
TCR repertoires were similar among multiple tissue specimens
from different sites of the same tumor. Similar peak patterns
of CDR3 size speclratyping were observed among thesc
wmor specimens, but not in normal tissues or PBMCs. In
addition, identical peaks were detected in multiple specimens
of the same tumor, The ratio of the levels of IFN-y to that of
IL-4 is significantly higher for tumor lesions compared with
PBMCs. These results suggested that a limited number of
TILs locally expand in response to mmor antigens exiting
within gastric or colorectal cancers and local predominant
production of the T helper /T cytotoxic 1 type cytokine may
affect the anti-tumor immune response of TILs.

Introduction

The host immune sysiem recognizes tumor cells and tries
to reject tumors such as melanoma. In the anti-tumor

Correspondence to: D Takaji Matsutani, Division of Tmmunology
and Embryology, Department of Cell Biology, Tohoku University
School of Medicine, 2-1 Seirvo-machi, Aoba-ku, Sendai 980-8575.

Japan
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Key words: wmor-infiltrating lvmphocytes, T-cell receplors.
tumor antigens. T-lymphocytes. cytokines

response, tumor-infiltrating T lymphocytes (TIL) are
known to play a significant role (1). TILs are enriched with
T-cells, which recognize antigens expressed on the surface of
autofogous tumor cells (2). Differential antigens such as
Melan-A/MART-1 (3-5), thmor-associated antigens (6} or
mutated self-antigens (7) have been defined as tamor-specific
antigens. These antigens or antigen peplides specific for
tumors have been developed for cancer vaccines, which
can induce anti-amor-specific T-cells. Many approaches to
therapeutic cancer vaccine development have been under
clinical trial.

In many human cancers other than melanoma, the anti-
tumor response mediated by T-cells occurs in fimited local
sites around the tumor, although the immune response in no
way controls mmor growth. Gaudin ez af bas already described
local expansion of T-cell clones in renal cell carcinoma (8).
However, little is known about whether TILs respond to
turnor antigens in patients with gastric or colorectal cancer
and what the functional characteristics of the TiLg are.
Protiferation of T-cells specific for tumor antigens can
skew TCR repertoires in local sites around the tumor.
Determination of the usage of TCR repertoires at local sites
allows us to demonstrate that the existence of TILs that
can exert an anti-tomor immune response and enable us to
clarify the characteristics of TTLs. T-cells recognize a peptide
antigen present on the surface of a major histocompatibility
antigen (MHC) motecule (9). Therefore, TILs that recognize
a4 common antigen are thought to express the same or a
similar T-cell receptor. Analysis of the specific T-cell receptor
(TCR) of TIL can provide information on the nature of the
antigen(s) recognized by TIL. If a common mmor antigen
can be defined, it should enable us to effectively induce an
anti-tumor immunc response for therupy. ’

Cytotoxic T-cells play an important role in cellular
immunity against tumors. It has been reported that CDg
positive anti-tumor T-cells infiltrate local lesions of human
colorectal tumor tissue {10} and renal cell carcinoma (11).
Furthermore, cytokines are key molecules that modutate the
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function of T-cells. T helper type 1 cells (Thl), Th2, T
cytotoxic | cells (Tci), and Tc2 play immunoregulatory roles
{(12.,13). Alterations of T cytotoxic type | {Tcly/T cytotoxic
type 2 (Tc2) subsets may cause host anti-tumor immune
responses (14-16). Although cytokine expression patterns
in TILs isolated from various tumor cell types have been
reported, the changes of cytokine production in TILs are still
somewhat controversial.

To elucidate the characteristics of T-cells infiltrating tumer
tissues, we analyzed TCR variable region repertoires within
tissue specimens from surgical lesions of patients with gastric
or colorectal cancer. In addition, we analyzed T-cell clonalities
by CDR3 size spectratyping with these tissues. We found
similar TCR tepertoires among multiple specimens from
different sites of the same tumor, suggesting that the tumor-
specific T-cells recognize common antigens in mmor lesions.
Furthermore, we examined the expression levels of several
cytokines such as TFN-y and IL-4 by real-time quantitative
polymerase chain reaction. The elevated levels of IFN-y/IL-4
were obscrved in tumor lesions compared to PBMCs, The
resulis suggest that polarization of TIL toward Thi/Tcl subsets
has an effect on the anti-tamor immune response.

Patients and methods

Patients and samples. Tissue specimens and peripheral blood
mononuclear cells (PBMCs) were collected from §1 patients
who underwent surgical operations at Tohoku University
Hospital (Table 1). The tissues were freshly collected from
tumor specimens immediately after the surgical operations.
Fresh specimens were collected from one or more different
sites of tamor resected from the same patient. Each of the
specimens was obtained from a location distant from the
others by punch biopsy. The tissucs were immediately frozen
in liguid nitrogen for RNA extraction. Tissue samples in
which fymphocyte infiltration was verified by histological
lesting were used for analyses. Normal tissue samples around
tumor, in which few lymphocyte invasions were found,
were used as a control. PBMCs were collected at the time of
the operations. All samples used in the present study were
collected after informed consent had been obtained.

TCR reperioire analvsis. The methods for isolation of RNA
from PBMCs and adaptor ligation-mediated polymerase
chajn reaction {PCR) were previously reported (17,18).
Freshly isolated RNA was converted to double-stranded
c¢DNA using Superscript cDNA synthesis kits (Invitrogen,
CA) according to the manufacturer's instructions, except that
a specific primer (BSL-18) was used. The PI0EA/P20EA
adaplors were ligated to the 5-end of ¢cDNA and this adaptor-
ligated cDNA was cut with Norl. PCR was performed with
T-cell receptor u-chain constant region {TCRAC)-specific or
T-cell receptor B-chain constant region (TCRBC)-specific
primers {CAl or CB1) and P20EA. The second PCR was
performed with CA2 or CB2 and P20EA. The third PCR was
performed using both P20EA and 5-biotinylated CA4 or
CB4 primer for biotinylation of PCR products. TCRAV and
TCRBV repertoires were analyzed by microplate hybridization
assay (MHA) (17.18). In short, 10 pmol of amino-modified
oligonucleotides specific for TCRAV and TCRBV segments

MATSUTANI ez af: Thi-TYPE TIL IN TUMOR

Table I. Patient characteristics.

Patient Age Sex Diagnostic’  Stage Recurrent
1 64 M Sigmoid colon 2 -
2 73 M Gastric Ib -
3 53 M Sigmoid colon 4 -
4 68 M Gaslric 3a +
5 65 M Gastric +
6 68 M Transversum
Colon 3a -
7 73 M Rectal 2 -
8 33 M Rectal 3b -
9 74 M Rectal 2 -
10 70 F Rectal 2 +
I 50 M Rectal 3a -

were immobilized onto carboxylate-modified 96-well micro-
plates (C type, Sumitomo Bakelite, Tokyo. Japan) with water-
soluble carbodiimide. Prehybridization and hybridization
were performed in GMC buffer (0.5 M Na,HPO,, pH 7.0,
1 mM EDTA, 7% SDS and 1% BSA) at 47°C, Sixty microliters
of denawred 5'-biotinylated PCR products mixed with an
equivalent volume of 0.4 N NaOH/10 mM EDTA was added
to & ml of GMC buffer. Hybridization solution, 100 ul. was
used in each well of the microtiter pate containing immobilized
oligonucleotide probes specific for the V segment, After
hybridization, the wells were washed 6 times with washing
bufier (2X SSC, 0.1% SDS} at room temperature and then
with VA (04X S8C.0.19% SDS) or VB (0.6X S5C, 0.1% SDS)
stringency washing buffer for 10 min at 37°C. The blocking
of non-gpecific binding was done with 200 pl of TB-TBS
buffer [10 mM Tris-HC1, 0.5 M NaCl, pH 7.4,0.5% Tween 20
and 0.5% blocking reagent (Roche Diagnostics. Germany)].
Next, 100 gl of u 1:1000-diluted, alkaline phosphatase-
conjugated streptavidin (Invitrogen} in TB-TBS was added,
and the sample was incubated at 37°C for 30 min. The plates
were washed 6 times in T-TBS (10 mM Tris-HCl, 0.5 M
NaCl, pH 74, 0.5% Tween 20). For color development, 100 ul
of substrute solution (4 mg/ml p-nitro-phenylphosphate,
Sigma, in 20% diethanolamine, pH 9.8) was added. and then
absorbance was determined at 405 nm,

T-cell clonality analysis with CDR3 size specrratyping. PCR
for CDR3 size spectratyping was performed for 30 cycles
in a 20-uf volume under the same conditions as described
above. PCR was performed with | pl of the second PCR
produet, 0.1 pM of 5-Cy5 CA2/CB2, and 0.1 uM primer
specific for each variable segment. The ofigonucleotide
probes for hybridization were used as primers specific lor
each variable segment. Five microliters of 1:20 or 1:50
dileted PCR product in dye solution (95% formarmide, 10 mM
EDTA and 0.1% bluc dextranc) was analyzed in 6% denatured
acrylamide gel with an ALFred sequence analyzer (Pharmacia
Biotech, Uppsala, Sweden). The data obtained were trans{erred
10 Fragment Manager Software (Pharmacia Biotech). As a
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Figure 1. Representative rasults of T-cell receptor (TCR) variable region a-chain (TCRAV) and TCR B-chuin (TCRBY) repertoires in patients with gastric or
colorectal cancer. TCRAV {lefl) and TCRBY (right) repertoires were analyzed with a peripheral blood menonuclear lymphocyte (PBMC) and two samples
from different sites of the same umor, Percent frequencies of expression Jevels in each segment are shown, The segments, in which a high level of expression -

ahove the control levels was found, are shown by closed bars.

control, PBMCs from 10 healthy donors were also analyzed
for the peak pattems, revealing multiple peaks as Gaussian
patterns with 3-nucleotide intervals in each V segment.

Quanrification of cytokine mRNA. The expression levels of
mRNA of interleukin-2 (TL-2), interferon-y (IFN-y), inter-
leukin-4 (TL-4), interievkin-5 (JL-5), and tumor necrosis
lactor-u (TNF-u) were examined for PBMCs. normal tissues
and wmor lesions of patients with real-time quantitative
polymerase chain reaction (PCR) using GeneAmp 5700
Sequence Detector (Applied Biosystems, CA). Freshly
isolated RNA was converted to ¢DNA wsing Superscript™
reverse transcriptase 1T (Invitrogen, CA). Next. one-tenth of
the cDNA was amplified with qPCR Mastermix for Sybe™
Green I (Eurogentec, Belgium) according to the manufacturer's
instructions. Primer pairs specific for each cytokine gene
were used (19). The Cy, or threshold cycles, values were
obtained with 10-fold dilution of PCR products ranging from
20 to 0.0002 amol/ml wilhin the exponential phase of the
PCR. For standard curves, the C; values were plotted against
the known amount of PCR products. Glyceraldehyde-3-

phosphate dehydrogenase (GAPDH) gene was used for the
internal control. The results were expressed as the ratio of the
amount of the respective cytokine-specific cDNA to the
amount of GAPDH-specific cDNA.

Determination of nucleotide sequence of CDR3 regions. PCR
was performed with a forward primer specific for the variable
region {(VA7-2 or VB13-2) and a reverse primer specific for
the constant region {(CA4 or CB4) under conditions described
above. Primer used in this study was as follows: VA7-2-;
TTCCTTAGTCGGTCTAAAGGG, VBI3-2: GAATTTCCT
GCTGGGGTTGG, CA4: ATAGGCAGACAGACTTGTCA
CTG., CB4: ACACCAGTGTGGCCTTTTGGGTG. After the
PCR products were cluted from agarose gel, the PCR products
were ¢loned into pCR2.1-TOPO vector with TOPO TA
Cloning kit (Tnvitrogen, CA}). DH5«-T1% competent cells
were transformed with the recombinant plasmid DNA.
Sequence reaction were performed with BigDye® Terminator
v3.0 Cycle Sequencing Kit {Applied Biosystems, CA) and
analyzed by AB] PRISM 3100 genetic analyzer (Applied
Biosystems).
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Table IT. TCRAV and TCRBV segments with a high level of expression.

Patient Source TCRAV TCRBV
1 FBMC 2-2,7-2,31-1 -
Tumor no. | 2-1,17-1 8-2,13-3. 14-1
Tumor no. 2 2-1 13-3, 14-1
2 PBMC 21,241,251 4-1,16-1
Tumor no. 1 - 81
Tumorno. 2 25-1 -
Tumor no. 3 21-1 -
3 PBMC [5-1,28-1,30-1 5-4,14-1,17-1,23-1
Tumor no. 1 7-2,22.1,23-1 1-1,13-3,22-1,24-1
Tumor no.2 2341 2-1,13-3
4 PBMC 1-4,10-1,12-1,13-1 6-4,10-1
Normal tissue 12-1 8-1
Tumor no. | 12-1 -
Tumor no. 2 12-1,21-1 7-1,13-3
Tumor no. 3 - -
5 PBMC 2-1.6-1,23-1 13-4
Tumor no. | 13-1,23-1 6-5
Tumor no. 2 23-1 6-5
Tumor no. 3 13-1.23-] 6-5
6 PBMC 17-1,22-1,30-1 24-1
Tumor no. | 21-1,29-] 8-1
7 PBMC 2-3,24-1 8-2
Normal tissue 21-1 6-5,8-1, 12-1
8 PBMC - 15-1
Tumor no. | 20-1 8-1,13-3
9 PBMC 23-1 9-1
Tumor no. | 24-1 2-1.13-1
10 PBMC - 5-1
Tumor no. 1 42,72 7-1,13-2
Tumor no. 2 17-1,21-1,30-1 6-5,13-2
11 PBMC 21-1 5-1
Tumor no. | 3-1,4-2,20-1,21-1 -
Tumor no. 2 3-1,4-2,23] 13-3
Tumor no. 3 3-1.16-1,20-1, 2141 6-5

*Significanl increase in frequency was defined as follows: the percentage was greater than the mean percentage + 3 standard deviations of

PBLs from 20 healthy controls, and the absolute percentage was >5%.

Staristical analysis. Data were statistically analyzed by the
Wilcoxon rank-sum test.

Results

TCRAV and TCRBY repertoires in tumor lesions and PBMCs.

TCRAV and TCRBYV repertoires were analyzed by microplate
hybridization assay. The expression levels of mRNA were
quantitatively analyzed with 43 oligonucleotide probes

specific for ¢-chain variable segments and 37 probes specific
for B-chain variable segments. Almost all TCRAV aad
TCRBY segments defined in WHO nomenclature as functional
segments can be detected with these probes.

TCR repertoires were unalyzed for 11 tumors (total 21
samples). 2 normal tissues. and 11 peripheral blood mono-
nuclear cells (PBMCs) from {1 patients (Table I). The
rcpresentative results of TCR repertoire analysis are shown
in Fig. 1. We defined the increase as signilicant, when: i} the
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Figure 2. Similarities of CDR2 size spectratyping patterns among muliiple samples from differem sites of the sume tamor. CDR3 speciratyping was

performed with PBMCs and tumor tissues obtained from a large number of

lwmor patients. Represeniative peak paiterns, which had identical peaks in size

among multiple wmor samples from the same patient. are shown. X-axis. migration time; Y-axis, fluorescent intensity. Bach peak was distributed along the

X-axis according to their migration time.

percentage was greater than the mean percentage + 3 standard
deviations of PBMCs from 20 healthy controls, and ii) the
absolute percentage was >5%. The expression level was
defined as uncharged unless the numbers fulfilled these 1wo
criteria. There were significant increases in the usage of
TCRAV and TCRBYV repertoires in wumor lesions, normal
tissues, and PBMCs.

In PBMCs, the mean number of variable segments, of
which the frequency was significantly increased above the
control levcls, was 2.1x1.4 (mcan = 5D) per patient for
TCRAYV and 1.4+1.0 per patient for TCRBYV. On the other
hand. the mean number was 1.8£1.1 per patient for
TCRAV and 1.3+1.1 per patient for TCRBV in tumor
lesions. There is no difference in the mean numbers of
variable scgments between mor lesions and PBMCs. The
results are suimmarized in Table T1. Restricted usage of TCRAV
and TCRBYV repertoires was not observed in PBMCs from
tumor patients. In contrast, significant increases above the
control were frequently detected in limited AV and BV
segments such as VA21-1 [5 per Il paticnts (45%)] and
VB13-3 {5/11 (45%)} in tumor lesions.

In AV25-1 of patient 2, VA12-1 of patient 4, VA23-1
of patient 5 and VA21-1 of patient 11, significant increases
in the frequency were detected in both PBMC and tumor
lesions. In contrast, significant increases were observed
within PBMC alone in most variable segments other than
these segments, The result indicates a difference in the
TCRAV and TCRBYV repertoires between PBMCs and tumor

lesions in individual patients, Significant increases in the
frequency were observed in common variable segments
among two or more samples from different sites of the same
tumor. For example. VA2-1,VB13-3 and VB14-| of patient 1.
VA23-1 and VB13-3 of patient 3, VAI3-1 and VB6-5 of
patient 5, VBI13-2 of patient 10, VA3-1, VA4-2 und VA20-1
of patient11. VA3-1 of patient 11 and VB&-5 of patient 5
were significantly higher in three tumor samples, but not in
PBMC. The results show that similar TCRAV and TCRBV
repertoires were used for T-cell populations among samples
from different sites of the same tumor,

T-cell clonality in tumor. We tried 10 demonstrate whether
oligoclonal or monoclonal T lymphocytes exist in local
tumor lesions. First. we examined T-cell clonality with
CDR3 size spectratyping in a large number of BV segments,
in which the frequency was significamly higher above the
controls. The normal pattern displays multiple peaks with a
Gaussian pattern with 3-nucleotide intervals, When a clonal
T-cell expands in a varicty of T-cell populations, a single
higher peak appears within multiple low peaks. The clonal
peak, which means clonal expansion of T-cells, was detected
in a variety of BV segments with PBMCs and tumor lesions.
Similar patterns of CDR3 size spectratyping were found
among two or morc samples from different sites of the same
mmor. Interestingly, identical peaks of the same length were
detected among multiple samples from the same wmor (Fig. 2),
The results showed that a limited number of T-cells infiltrate
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Figure 3, CDR3 size spectratyping protiles of PBMC, wmor lesion, and normal tissue. CDR3 spectratyping was performed with a peripheral blood
mononuclear cell (PBMC), a normai tissue (normal), and three tumor lesions {tumor} obtained from patient 4, Similar spectratyping patterns were abserved
among three tumor lesions in a majority of the VB segments analyzed, In contrast. the spectratyping pattems tor tumor lesions werg ditferent from that for

PRBMC and normal tissue.

into tumor tissues. We also performed the spectratyping with
normal tissue around a tomor in which few lymphocyte
infiltrations were found (Fig. 3). The result showed that
the spectratyping patterns obtained with the normal tissue
were different from that with tumor lesions from the same
patient. This indicated that the appearance of clonal or
oligoclonal T-cells was not due to non-specific activation or
contamination of peripheral lymphocytes. Next, to examine
whether clonal peaks with similar size are due to clonal
expansion of identical T-cells. we determined nucleotide
sequences of CDR3 region of ¢cDNA clones oblained from
multiple tamor lesions and PBMC from the same patient
{Table HI). The result showed that cDNA clones with identical
nucleotide sequence were obtaired from two tumor lesions,
but not from PBMC. Furthermore, these cDNA clones
existed frequently in tumor lesions, which was consistent
with the result from CDR3 size spectratyping. There was no
common motif or conserved amino acid sequences of CDR3
regions among these cDNA clones.

Cytokine expression in local tumor lesions and PBMCs. We
examined the expression levels of mRNA of interleukin-2
(IL-2}, interleukin-4 (IL-4), interleukin-5 (IL-5), interferon-y

(TFN-vy), and temor necrosis factor-¢ (TNF-a} in PBMCs
{n=11) and tumor lesions (n=21} by real-time quantitative
polymerase chain reaction (Fig. 4). There was no difference
of the expression levels of TL-53 and TFN-y between tomor
lesions and PBMCs. In contrast, the expression levels of
IL-2, IL-4, and TNF-u were lower in tumor lesions than in
PBMCs (p<0.005). Especially the expression level of JL-4 was
considerably lower in tamor lesions compared with PBMCs.

The temor specimens are thought to contain a large
amount of non-lymphocyte cells derived from cancers.
Therefore, a difference of the number of cytokine-producing
cells such as T-cells and monocytes may have existed between
tumor lesions and PBMCs. We thus compared the batance of
T helper 1 (Thl) or T cytotoxic | {Tcl) to T helper 2 (Th2)
or T cytotoxic 2 (Tc2), which was shown by the ratio of the
levels of TNF-v to that of TL-4, between tumor lesions and
PBMCs. The ratio of IFN-y to IL-4 was significantly higher
for tumor lesions than PBMCs (p<0.05) (Fig. 5).

Discussion

Tumor-infiltrating lymphocytes (TILs) respond against tumor
antigens at Jocal sites (20). To ehucidate the characteristics
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Table IN. Alignment of amino acid sequences of CDR3 regions from cDNA clones.

Source Frequency AV/BV AV/BV N/N-D-N Al/BJ sequence Al/BI
Segment sequence Segment
PEMC 1/3 BVI382 YFCASSY  GTPFGDTPFG  DTQYFGPGTRLTVL BI253
1/3 BV13S2 YFCASSY KH EQFFGPGTRLTVL BI2S1
173 BV1352 YFCASSY  SPGQGA GYTFGSGTRLTVV BJ1S]
Tumor no, ] 35 BV1352 YFCASSY  TTSG SYEQYFGPGTRLTVT BI1257
1/5 BVI1382 YFCASS SVSGQLQ AFFGQGTRLTVV BIiSI
/5 BVI1382 YFCASSY  PFGTFP NTGELFFGEGSRLTVL BI252
Tumor no. 2 2/4 BV13s2 YFCASSY  TTSG SYEQYFGPGTRLTVT BI2S7
1/4 BV13S82 YFCAS TDTGTTYR AFFGQGTRLTVV BIiSI
1/4 BVi382 YFCASSY  QSLGQGAF TEAFFGQGTRLTVV BIiS1
PBMC 175 AV752 YLCAV ITDS WGKLQFGAGTQVVVTP A4
1/5 AV7S2 YLCAV THR NYGQNFVFGPGTRLSVLP Al26
1/5 AV7IS2 YLCAV QPFY GGYQKVTFGTGTKLQVIP All3
1/5 AVTS2 YLCA ATLLG AGNNRKLIWGLGTSLAVNP Al3B
/5 AV7S2 YLCAVR Pl SDGQKLLFARGTMLKVDL All6
Tumor no. 1| 4/5 AV7S2 YLCAVR DMA NAGKSTFGDGTTLTVKP AJ27
1/5 AV7S2 YLCAV v DSNYQLIWGAGTKLIIKP AJ33
Tumor no. 2 3/4 AV7S2 YLCAVR DMA NAGKSTFGDGTTLTVKP AJ27
1/4 AV7IS2 YLCAV THR NYGQNFVFGPGTRLSVLP Al26

All samples were obtained from patient no. 10. TCRAYV and BV gene segments were described according o the nomenclature reported by
Arden et al (26) and Wei er af (27). TCRAT and BT genc scgments were also described according to the nomenclature reported by Koop ef al

{28) and Toyonaga et af (29).
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Figure 4. Comparison of the expression levels ol several cytokines berween tumor lesions (n=21) and PBMCs (n=11). The expression levels of mRNA ol
interlcukin-2 (TL-2), interlcukin-4 (IL-4), interlevkin-5 (1L-3}, interferon-v (IFN-v}. and tomor necrosis factor-u (TNF-u) were meastred by real-time
quantitative polymerase chain resction as described in Maierials and methods. Each apen dot indicates a single sample. Glyceraldehyde-3-phosphate
dchydrogenase (GAPDH) genc was uscd for the imernal control. The levels of mRNA expressed by the ratio of the amount of the respective cytokine-specific
tDNA 1o the amount of GAPDH-specific cDNA were compared between PBMC and wimur lesions. The expression levels of 1L-2, TL~4, imd TNF-u were

fower in tumor esions than in PBMCs {p<).005).

of TILs in local microenvironments, we analyzed T-cell
receptor (TCR) repertoires at the levels of mRNA with tissue
samples and PBMCs. It is possible that in vitro culture tn the
presence of IL-2 causes skewing of TCR variable region

repertoires (21). We therefore directly analyzed tissue samples
freshly removed from tumor specimens of surgical patients.
This enabled ns to accurately anulyze the TCR repertoire
with a small amount of tissues containing a limited number

—190—



140
10°
3
10°
t E *:0 < 0.05
3 ]
=| 104! _* -
o —_—
10" sy
z ] %"
S ]
S ] %
% 10} X
: (]
R 8
" 3 [
107 7 o
0
PEMC Tumor Tissue
=11 (nw=21)

Figure 5. Predominant production of T helper 1/T" eytotoxic 1 type cytokine
in mmor lesions. Ratio of the expression levels of IFN-y to thut of TL-4 were
compared between tumer fesions (n=21) and PBMCs (n=11). Each open dot
indicates a single sample. The ratio was significantly higher in mmor lesions
than in PBMCs (p<0.05).

of TILs. Clonal expansion of T-cells in renal cell carcinoma
has been already reported (8). In the report, many sets of
variable region-specific primer were used for analysis of
TCR repertoire. However, different amplification efficiencies
among individual primers or cross-reactivity between sub-
families hampered the accurate estimation of the frequency
of individual families. An adaptor ligation-mediated PCR
used in this study is more efficient and less skewing through
PCR cycles than other PCR-based methods.

The frequencies of one or more variable segments were
significantly increased in most of the tissue samples analyzed.
There was. however, no difference of the mean number of
variable segments. of which the frequency increased
significantly, between tumor lesions and PBMCs. This
indicates that the extent of skewing of TCR repentoires was
not different between tumor lesions and PBMCs, This does
nat necessarily mean that the immunological alterations did
not occur in local sites around the tumor. We observed that
scveral variable scgments were frequently used in tumor
lesions, but not in PBMCs. This finding suggested that TTLs
have a limited TCR repertoire and may recognize a common
mmor-specific antigen. The possibility exist that non-specific
inflammation of T-cells at local sites or the homing of T-cells
with a limited TCR repertoire to an inflamed sile may induce
the skewing of TCR repertoires. However, we observed a
similarity of TCR repertoire among multiple samples from
different sites of the same tumor. Such similarity was not
detected between tumor lesions and normal tissues or between
tumor lesions and PBMCs. This suggests that a limited
number of antigen-specific TTLs infiltrate into mulliple local
sites around a tumor. Tt is known that the TCR repertoire
becomes skewed with aging as a result of clonal expansion
(22.23). Because the tumor patients used in this study were
mostly ¢lderly. skewed TCR repertoires could be expected
even in PBMCs.

We analyzed T-celi clonality with CDR3 size spectratyping.
The clonality analysis coupled with guantitative analysis of

MATSUTANTI ¢f of: ThI-TYTE TIL IN TUMOR

the TCR repertoitre could provide important information
about TILs. When tissue samples containing a small number
of T-cclls are used for the clonality amalysis, the clonality
might be increased through PCR cycles. However, the increase
of clonality accompanied by an elevated frequency of
expression offers firm evidence for a large population of
oligoclonal or clonal T-cells existing within local tumor lesions.
We found the increase of T-celt clonality in a majority of
TCR variable segments. with higher frequencies than the
controls. We also detected similar peak patterns of CDR3
spectratyping among multiple samples from different sites of
the same tumor. The cDNA clones with identical nucleotide
sequence of CDR3 region were obtained from two tumor
samples of the same patient. These results suggest that a
limited number of TTLs proliterate within local sites in
response to tumor antigen. The elevated level of clonality
was also found in PBMCs of tumor patients. However, we
were able to find a difference of spectratyping peak patterns
between tumor lesions and PBMCs. Sequence analysis
indicated that clonal T-cells existing frequently in tumor
lesions were not observed in PBMC. This excludes the
possibilities of non-specific expansion of T-cells or the
homing of T-cells from peripheral blood lymphocytes to
inflammatory sites. Instead, this suggests that a limited
number of TILs locally expanded in response to tumor
antigens.

T-cells are functionally characterized by the pattern of
cytokine productions, i.e., T hetper 1 (Th1)/T cytotoxic 1
(Tc!) and T helper 2 (Th2)/T cytotoxic 2 (Tc2). In addition,
locat production of cytokines probably impacts on the function
of T-cells infiltrating into tamor tissues. Thus, we quantitatively
measured the amounts of cytokine mRNA in tumor lesions
and PBMCs. Similar levels of TL-5 and TFN-y were observed
between PBMCs and tumor lesions, whereas low levels of
expression of IL-2, IL-4 and TNF-u were found in temor
lesions. It has been reported that IL-2, TFN-v and TNF-B were
not expressed at higher levels in the TIL of lung carcinoma
patients (24). Our results did not indicate high level expression
of IFN-y or TNF-u, which is thought to be Th1-type cytokine,
in tumor lesions. Tnstead, the data showed an apparent
decrease in IL-4 production in tumor lesions. Although freshly
isolated tissue specimen was suitable for direct estimation of
the cytokine profile in a local microenvironment, the tissucs
contained a large amount of non-lymphocyte cells derived
from the tamor, Thus, it may be difficult to directly compare
the expression levels of cytokine mRNA between wmor
lesions and PBMCs. The balance of Th1/Tcl-type cytokine
to Th2/Tc2-type cytokine is meaningful for understanding
the immunological status at tocal sites. The ratio of IFN-v 1o
IL-4 was significantly increased in tumor lesions compared
with PBMCs. This suggests that Th1/Tcl-type cells may
selectively infiltrate into the local tissues. However, another
possibility that IL-4-producing Th2 cells accurmulated in
PBMC of murnor patients can be proposed. To clarify these
possibilities, the Ievels of IFN-y and IL-4 mRNA might need
to be measured in PBMC from age-matched healthy donors,
Tt has been reported that TILs were characterized by a type |
(Thi/Tc-1-tike) pattern of cytokine expression in human
colorectal carcinoma (23). No or only very small amounts of
TL~4 transcripts have been detected in TIL. Our results arc
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consistent with this report. Thl and Tcl promote cellular
immunity through the production of type 1 cytokines, such as
TL-2 and TFN-v. Alieration of the cytokine pattern may
promote TTLs to strengthen the anti-tumor response although
TILs cannot control tamor growth.

In conclusion, similar usage of the TCR variable region
repertoire and a similar peak pattern of CDR3 spectratyping
were frequently observed among different tissue samples
from the same patients with gastric and colorzctal cancers.
These results suggest that TILs proliferate locally in response
to tumor antigens. Predominant Th1/Tcl-type cylokine 1o
Th2/Tc2 (TFN-y/IL-4} was apparently found in tumor
lesions. These results show that T helper type 1 (Th1) and
T cytotoxic type ! {Tc1) may exert immunoregulatory effects
on anti-fumor immune responses.
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Possible role of RANKL in bone resorption
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