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ABSTRACT

Expression of T-cell receptor (TCR) gene rearrangements in tumor-
infiltrating lymphocytes (TILs) within primary and metastatic melanoma
specimens was studied. In order to analyze TCR gene transcription in
TILs within these tissues, we analyzed reverse transcribed complemen
tary DNA from mRNA directly from tissues using the polymerase chain
reaction. The polymerase chain reaction-amplified products were con
firmed by dot or Southern blot hybridization with Ca or C0 oligoprobes.
First, we investigated the diversity of TCR Va and VÃŸgene usage in
human malignant melanoma patients with multiple metastasis. We found
in one patient, bearing multiple skin lesions, that the patterns of TCR
VÂ«and V/3 repertoires in different sites of the skin (leg and chest wall)
were almost the same. However, in another patient with skin and brain
melanomas, different TCR repertoires were presented.

Next, we examined the usage of murine TCR VÃŸgenes in TILs within
the primary and metastatic sites (liver, lung, and brain) of C57BL/6 mice
bearing B16-F10 murine melanoma. The population of TILs in each
primary and metastatic site expressed from one to four TCR V'/Jgenes.

In each metastatic site, the profile of TCR V/3 gene expression was
different. A different TCR \0 usage in TILs distributed within mÃ©tastases
of various organs may reflect differences in tumor antigenicity at these
sites or may be due to differential homing patterns to these tumors.

and VÃŸgenes in TILs within two human malignant melanoma
patients. Interestingly, in one patient, bearing multiple cuta
neous melanomas, expression of the TCR a and ÃŸchain genes
was almost the same within two cutaneous regions, even though
they are located distantly (leg and chest wall). However, the
other patient, suffering from primary (skin) and brain melano
mas, showed a different usage of TCR genes. An experimental
model for studying the organ preference of metastasis was
established using a murine B16 melanoma cell line to sequen
tially select in vivo tumor cell subpopulations for enhanced
lung, brain, ovary, or liver colonization (7).

TCR VÃŸusage in TILs at the primary tumor site and in
metastatic sites (liver, lung, and brain) of B16-F10 murine
melanoma is investigated here with the use of RNA-based PCR
method as described (8). In order to analyze TCR gene tran
scription in these TILs, we analyzed cDNA reverse transcribed
from mRNA directly from tissues using PCR rather than ex
panding TILs in vitro. We asked whether TCRs are restricted
and whether T-cells at the primary tumor sites and in metastatic
lesions of liver, lung, and brain express different RNA tran
scripts of TCR VÃŸgenes.

INTRODUCTION

At the time of diagnosis of malignant melanoma, metastasis
to regional and distant lymph nodes, liver, lung, and the central
nervous system may have already occurred in about 50% of all
cases (1). During the past several decades, many advances have
been made in the treatment of cancers (2-4). Modern treatment
modalities have brought us closer to the control of many
primary cancers. However, metastatic cancer has become in
creasingly important, both as a clinical entity and as a focus of
immunological research. Therefore, it is essential to improve
our understanding of the biology of these primary and met
astatic lesions.

Recent studies have demonstrated a restricted TCR2 VÂ«

expression in pathological specimens from demyelinating
plaques of brains with multiple sclerosis and in TILs of human
melanomas (5, 6). An analysis of the TCR repertoire of TILs
may help to clarify their role in tumor destruction of this
population of cells and increase our understanding of the cell
ular and molecular basis of the lymphocyte-tumor interaction,
thus contributing to the improvement of protocols for adoptive
immunotherapy.

In this experiment, we first examined the usage of TCR Va
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MATERIALS AND METHODS

Human Melanoma Specimens. We studied two patients with multiple
malignant melanomas. One patient (P. R.) was suffering from multiple
cutaneous melanomas. Two specimens (leg and chest wall) were ob
tained surgically. The specimens from the other patient (H. B.), with
primary skin melanoma and secondary brain metastasis, were obtained
at autopsy. Both samples came from the Department of Surgery,
University of Arizona, Tucson, AZ. A portion of the tumor removed
during the operation and stored at â€”¿�70Â°Cwas used to extract total

RNA.
Tumor Models. The primary tumor model was made by inoculating

5 x IO5B16-F10 murine melanoma cells into the back s.c. region of 8-
week-old C57BL/6 mice (Jackson Laboratories, Alameda, CA). About
10 days later, a tumor over 2x2x2 cm3 was obtained. The experimental
metastasis model was done by intracardiac inoculation of 5 x IO4cells

according to published procedure (9). Two weeks later, multiple met
astatic deposits could be found in liver, lung, and brain. They were
subjected to RNA extraction. In order to address the question whether
there is any discrepancy of mRNA transcripts between the "native"
TCR repertoire within tumor and in vitro activated TILs (bulk-TIL),
we isolated TILs according to established procedures (10, 11). TILs
derived from primary B16-F10 melanoma tumor mass were grown in
the presence of 100 units/ml recombinant IL-2 (Cetus, Emeryville, CA)
for 4 days.

In Vitro Cytotoxicity Assay. Cytotoxicity of in vitro cultured TILs
was examined against autologous melanoma cells (B16-F10) using a
standard 5lCr release assay as described ( 10). Values represent the mean

of triplicate determinations. SD was less than 5%.
Preparation of RNA and cDNA Synthesis. Total RNA from tumor

specimens and TILs was prepared in the presence of guanidinium
thiocyanate using RNA zol (Cinna/Biotex, Houston, TX) (12), and 0.1
Mgof total RNA was used for the synthesis of single-stranded cDNA
using reverse transcriptase. Briefly, in a final volume of 20 ml 1x PCR
buffer (50 mivi KC1-20 mM Tris-Cl, pH 8.4-2.5 mM MgCl2), 1 mvi of
deoxyribonucleotide triphosphates (Perkin-Elmer, Norwalk, CT), 20
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units of RNAsin (BRL, Bethesda, MD), 100 pmol of random hexamer
(Pharmacia, Piscataway, NJ), and 200 units of BRL Moloney murine
leukemia virus reverse transcriptase (BRL) were incubated with RNA
(2 Mg)for 40 min at 42Â°C.The reaction mixture was heated at 95Â°Cfor

5 min and then quickly chilled on ice (6, 8, 13).
Amplification of cDNA by PCR. First, single-stranded cDNA from

human malignant melanoma samples was amplified using a Va-specific
primer with a human Ca primer or V/3 with C/3 primers at a final
concentration of 1 >/Min each reaction. Sequences of the individual
primers were described in previous reports (5, 6). The size of amplified
products ranged from about 250 to 450 bp. Oligonucleotides were
synthesized and column purified by Operon Technologies, Inc. (Ala
meda, CA). cDNA was also amplified with primers for human actin
primers (L-actin, S'-ACG AAG ACG GAC CAC CGC CCT CG-3';
R-actin, 5'-CCCAC GTT GTG GOT GAC GCC GTC-3'). The ampli

fication was performed with 2.5 units of Taq polymerase (Ampli Taq;
Perkin-Elmer, Cetus) on a DNA thermal cycler (Perkin-Elmer, Cetus)
(13, 14). The PCR cycle profile was denaturation at 95Â°Cfor 1 min,
annealing of primers at 55Â°Cfor 1 min, and extension of primers at
72Â°Cfor 1 min for 35 cycles. PCR products were separated on 3%

Nusieve (FMC Corp.)-l% regular agarose gels. Expression of Va or
VÃŸgenes was considered positive when a rearranged band (300-450
bp) was visualized with ethidium bromide staining and when the am
plified product was positively hybridized with Ca- or C0-specific oli-
gonucleotide probes on Southern blots. The size of amplified products
using actin was 200 bp. Experiments were repeated twice per sample.
Results were identical with a different aliquot of each sample.

Next, as in human primers, we synthesized 22 different V/3-specific
oligonucleotides as 5'-sense primers and C/3-specific Oligonucleotides
as 3'-antisense primer (Table 1). The size of amplified products with
V/3and 3'-C/3 primers ranged from 360 to 420 bp; however, VÃŸ10, VÃŸ

12, and VÃŸ13 are shorter and are 290, 190, and 260 bp, respectively.
Each cDNA sample was amplified using a V/3-specific primer with a
C/3primer at a final concentration of 1 mM in each reaction. They were
also amplified with murine actin primers as a positive control (L-actin,
5 ' -CAT CGT GGG CCG CTC TAG CCA A-3 ' ; R-actin, 5 ' -CCG GCC
AGC CAA GTC CAG ACG C-3'). The procedure of amplification was

the same as in human samples. However, we were not able to obtain
nonradioactive murine TCR CÃŸprobe; thus, we adopted the dot blot
hybridization method. Experiments were repeated three times using
syngeneic murine models. We have detected V/3-C/3rearrangements of

all TCR VÃŸgene members in cDNA from allogenic MLC.
Southern Blot Analysis. Two //I of Va-Ca and V/3-C/3 amplified

products were electrophoresed in a 2% agarose gel for l h and trans
ferred onto nitrocellulose paper (12). Filters were prehybridized at 42Â°C
in 5x SSPE-5X Denhardt's solution-salmon sperm DNA (100 Â¿ig/ml)-
0.1% SDS and hybridized for l h at 42Â°Cwith a horseradish peroxidase-
labeled Ca or C/3 oligonucleotide probe (Ca, 5'-CAG AAC CCT GAC
CCT GCC GTG TAC-3'; C/3, 5'-AGC GAC CTC GGT TGG GAA
CAC-3'). The filters were washed in Ix SSPE-0.1% SDS at room

temperature for 15 min and then in O.lx SSPE-0.1% SDS at room
temperature for 15 min, and finally in 0.1 M phosphate-buffered saline
for 10 min. After washing, the hybridized blots were soaked in the
chemiluminescence detection reagent (ECL gene detection system;
Amersham) for 1 min and then placed under X-ray film for 3-5 min to
develop (15). In addition, human Va 7 PCR-amplified products were
hybridized with Va 7-specific oligoprobe (5'-CTG GAG CTC CTG
TAG AAG GAG-3') as well.

Dot Hybridization. Ten /<!of the reaction mixture containing ampli
fied cDNA using individual sets of VÃŸand C/3 primers as described
were hybridized with 7-32P-labeled C/3-specific oligonucleotide probe
(5'-TTG ATG GCT CAÃ• ACÃ• AGG AG A CC-3'). As a negative

control, the PCR-amplified product of actin primers was also blotted.
cDNA was prepared from 1 jig of total RNA isolated from a MLC of
murine spleen cells (SJL, PLJ, BALB/c, B-10PL) and amplified with
each individual set of TCR VÃŸ-CÃŸprimers, which were dot blotted as
well. After each sample was denatured with 0.4 M NaOH-25 mM EDTA
for 10 min at room temperature, the samples were applied to nitrocel
lulose paper (Gene Screen Plus; NEN Research Products, Boston, MA).

Table 1 Sequence of murine T-cell receptor ÃŸprimers
Primer"V/31V/32V/3

3V/3
4V/35.1V/36V/3

7V/3
8.1V/3
8.2V/3
8.3V/3
9V/3
10V/3
11V/3
12V/3
13V/314V/3

15V/3
16V/3
17V/3
18V/3
19C/3Clone

(Ref.)1.9.2(32)ARI

(32)2B4
(33)TB3
(32)TB21
(32)LB2
(34)pHDSll
(35)TB12(32)TB2

(32)TB23
(32)V/8

2(36)VÃŸ
3(36)V/3
5(36)V/3
7(36)V/3
10(36)SJL
33(37)SJL
73(37)SJL
4(37)Qk-24.1

(38)pMlpr2(39)V/3N3

(39)(40)5'â€”

Â»3'sequenceATCTAATCCTGGGAAGAGCAAATGGCGTCTGGTACCACGTGGTCAAGTGAAAGGGCAAGGACAAAAAGCGATATGCGAACAGTATCTAGGCACATAATCAAAGGAAAGGGAGAATCCTGATTGGTCAGGAAGGGCAATACCTGATCAAAAGAATGGGAGAATAACCATGACTATATGTACTGGATAACCACAACAACATGTACTGGATAGCCACAACTACATGTACTGGAGCTTGCAAGAGTTGGAAAACCAGATTATGTTTAGCTACAATAATAACAAGGTGACAGGGAAGGGACAAACCTACAGAACCCAAGGACTCAGCAGTTGCCCTCGGATCGATTTTCGCCGAGATCAAGGCTGTGGGCAGAGAACCATCTGTAAGAGTGGAACCATCAAATAATAGATATGGGGCAGTAGTCCTGAAAAAGGGCACACTCATCTGTCAAAGTGGCACTTCAAGACATCTGGTCAAAGGAAAAGGCCAAGCACACGAGGGTAGCC

" V/3nomenclature and the sequences follow that of Barth el al. (32) and other
reports (33-40).

Then the paper was fixed with UV light for 10 min, followed by
prehybridization with 5x SSPE-Sx Denhard's-0.1 % SDS containing
salmon sperm DNA at 42Â°Cfor 3 h. Thereafter, samples were hybrid
ized for 12-16 h with 1 x IO6c.p.m. of 32P-Iabeled oligoprobe at 42'C.
Each oligonucleotide probe was labeled using [7-32P]ATP (New Eng

land Nuclear, Boston, MA) and polynucleotide kinase according to the
published procedure (12).

RESULTS

Analysis of Va expression in TILs from two malignant
melanoma patients is shown in Table 2. A limited number of
one to four TCR Va gene segments were observed in TILs from
malignant melanomas. Two separate regions of tumors from
the same patient were studied. In both regions (P. R.), Va 7
and 12 were rearranged, whereas in one area (leg). Va 5 was
expressed, and in the other area (chest wall), VÂ«2 was present.
Furthermore, predominant usage of Va 5 and 7 was demon
strated in all cutaneous counterparts from different patients.
However, brain metastatic melanoma uses Va 1 and Va 13, but
its cutaneous counterpart uses Va 5 and Va 7, as shown above
(H. B.). No TCR Va and V/3 gene transcripts were seen in
specimens taken at autopsy from 10 normal brains (5). We also
examined mRNA transcripts of TCR Va and VÃŸin normal
skin taken from the other autopsied case. The data are not
shown, but almost all Va and VÃŸsubfamilies were equally
amplified. In all cases where a Va-Ca gene rearrangement was
visualized on agarose gel electrophoresis with ethidium bromide
staining, positive hybridization was obtained on Southern blot
ting to the Ca-specific probe. Va 7-amplified products could
hybridize with Va 7-specific oligoprobe as well (Fig. 1). The
actin-amplified PCR product did not hybridize with this probe

as expected.
TCR VÃŸrearrangements were also analyzed. Like Va genes,

the restricted usage of TCR VÃŸgenes was observed, and with
VÃŸ7, 12 were predominantly expressed within all cutaneous
melanomas, but not in brain metastasis. The number of cases
is limited, but it was suspected that there is organ specificity
for TCR a and ÃŸchain gene usage of TILs within malignant
melanomas.

The efficiency of the chosen primers in amplifying Va-Ca
rearrangement was examined. A MLC was done using spleen
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ORGAN-SPECIFIC TCR V0 GENE EXPRESSION WITHIN MELANOMA TILs

cells from SJL, PLJ, B-10PL, and BALB/c mice. cDNA was
amplified with each individual set of 5' V/3 primers and 3' CÃŸ

primers. Each V/3 primer amplified a rearranged V/3-D/3-J/3

product. Identity of the rearranged PCR product was confirmed
by dot hybridization with a C/3-specific oligonucleotide probe.
As a positive control for the PCR, the cDNA was also amplified
with actin primers. All cDNAs from all tumor sites were equally
amplified with actin primers.

The population of TILs in each primary and metastatic site
expresses from one to four TCR V/3 genes (Table 3). In each
metastatic site, the profile of TCR V/3 gene expression was
different. V/3 12 was expressed in both primary lesions and in
lung metastasis.

The amplified PCR products in Table 3 were further identi
fied by hybridization with C/3-specific oligonucleotides probes.
In all cases where the V/3 rearranged products were visualized
on agarose gel electrophoresis with ethidium bromide staining,
a positive hybridization was observed (Fig. 2). Actin products
were not hybridized at all. Here, we also examined the TCR
V/3 usage in activated TILs from each melanoma specimen,
which were stimulated with phytohemagglutinin and recombi
nant IL-2 for 7 days. In vitro cultured TILs from various organs
were examined for their cytotoxicities against "autologous"

B16-F10 melanoma cells. As Fig. 3 shows clearly, all TILs
from primary regions and lung, brain, and liver metastatic
tumors show killing activity against B16-F10 target cells in
vitro. RNA from bulk-TILs of primary regions was extracted
and reverse transcribed with the same procedure. Bulk-TILs
were more diverse in their TCR usage than TILs in native
tissues. From this result, it appears that some T-cell populations
may grow preferentially, and studies using cytotoxic T-cell
clones do not always reflect the true distribution in TILs.

DISCUSSION

The majority of cancer deaths occur as a result of the process
of metastasis, whereby malignant tumor cells spread from a
primary tumor to establish secondary growths at distant sites
(7, 16). The identification and propagation of T-cells with
antitumor reactivity are critical to the understanding of the
human immune response to tumors, which may possibly be
useful in the successful implementation of adoptive immuno-
therapy against cancer (6, 10, 17). TILs are currently under
clinical investigation as an immunotherapeutic agent for the
treatment of cancer. In a recent study by Rosenberg and col
leagues (4), 11 of 20 melanoma patients treated with a combi
nation of TILs, IL-2, and cyclophosphamide showed significant
regression, including 10 with a partial response. Although much
attention has been paid to TILs which can recognize and lyse
autologous tumors, the diversity of individual populations un
doubtedly influences their effectiveness in immunotherapy (18-

P.R. H.B.

O

IL
e

2.0

300

Fig. 1. Southern blot analysis of PCR-amplified products. VÂ«7-amplified
products were hybridized with VÂ«7-specific oligoprobe. No. at left, bp.

20). It was also reported that, among the sites of tumors which
were observed to respond to IL-2-TIL therapy, lung and s.c.
mÃ©tastasesresponded better than bone or liver mÃ©tastases,
suggesting that tumors in different sites might have different
susceptibilities to TILs (11). The development of metastasis
depends upon both host immune defense mechanisms and the
surface properties of tumor cells (21). The accumulation of T-
cells at the tumor sites may reflect the immunological recogni
tion of tumor antigens by the host (22). Therefore, the analysis
of TCR gene usage of TILs may help to clarify the role in
tumor recognition of this population of cells and increase the
understanding of the molecular basis of the lymphocyte-tumor
interaction, thus contributing to the improvement of protocols
for adoptive immunotherapy.

Work by many laboratories has led to our current understand
ing of antigen recognition by T-cells (23, 24). It is now apparent
that clonally variable receptors made up of two different poly-
peptide chains, a and /3, are found as receptors (TCRs) on the
bulk of peripheral T-cells in mice and humans. These receptors
interact with antigen-derived peptide fragments bound to prod
ucts of MHC on the surface of target cells. The specificity of
T-cells arises from rearrangements of TCR VÂ«and JÂ«genes
and V/3, D/3, and J/3 genes. TCR ÃŸgenes in most mice are
composed of approximately 21 V/3, 12 J/3, and two D/3 regions,
the last being read in any frame to give additional variability.
Combination of these different ingredients can probably give
rise to at least 109 different receptors, about an order of mag
nitude more than there are T-cells in the animal. Are there any
obvious relationships between the Â«and ÃŸcomposition of a
given TCR and its specificity? T-cells that recognize foreign
antigens, as well as T-cells that mediate autoimmune diseases,
demonstrate a limited repertoire of V gene usage, especially
when T-cells responding to a specific epitope in a restricted

Table 2 Usage of TCR Va and V0 genes in malignant melanoma patients

PatientP.R.H.

B.PatientP.R.

H. B.LesionSkin

(leg)
Skin (chest) Va2Brain

VÂ«1
Skin(chest)LesionSkin

(leg)
Skin (chest)
Brain V/3 2 V/3 5.1
Skin (chest)Va

5Va

5V07

V/37TVR

VÂ«familiesVÂ«

7
Va7Va

7TVR

VÃŸfamiliesVtf

12
V09V/312V07,

V/38 V012Va

12. Va 14
Va 12, Va14Va

13V/3

18V0
14

V/3 15
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ORGAN-SPECIFIC TCR VÃŸGENE EXPRESSION WITHIN MELANOMA TILs

Table 3 Usage of TCR Krf in murine TILs

Sample0PrimaryLung

Liver VÃŸ2Brain
VÃŸ2Bulk-TILsTCR

VrffamiliesV/34

V09 V(}12VÃŸ
12V/37

V.ni V/J12VÃŸ

15V/3

15VÃŸti

V/nSV/3

Ig

' Experiments were repeated three times using syngenic murine models.

123 ,4,5,6 ,7,8.1,8.2,8.3,

PRIMARY
TUMOR

VÃŸ

1-9

10-19, Actln

LUNG META.
1-9

10-19, Actln

Fig. 2. Dot hybridization of PCR products.
Amplified cDNA using individual set of V/J
and C3 primers as described was hybridized
with CfÃ®-specificoligonucleotide probe. As a
negative control, the PCR-amplified product
of actin primers was also blotted. META, me
tastasis. Ml K, mixed lymphocyte reaction.

LIVER META.

BRAIN META.

BULK-TILS

MLR

1-9

10-19, Actln

1-9
10-19, Actln

1-9

10-19, Actln

10 ' 11 ' 12 ' 13 ' 14 ' 15 ' 16 ' 17 ' 18 ' 19 'Actin

80

-. 60-

40-
M
O

I
O

20-

Bulk-TILs

Lung
Brain

Liver

20 40 60

E/T

80 100

Fig. 3. In vitro cytotoxicity of TILs against B16-F10 mouse melanoma cells.
E/T, 50:1.

MHC context are investigated (25, 26). In T-cell clones recog
nizing myelin basic protein and causing experimental allergic
encephalitis, a limited repertoire of V genes is used (27, 28). T-
cell clones from renal allograft recipients share similar ÃŸchains
(29). Our recent studies on TILs in ocular melanoma indicate
that these effector cells utilize a very limited repertoire of TCR
genes, and RNA transcripts of Va 7 were predominantly ex
pressed (6).

In order to address the question about the different suscep
tibilities of TILs to tumors in different sites, we examined the
diversity of TCR Va and V/3 gene usage in human malignant
melanoma patients with multiple metastasis. As our results
show, one patient, bearing multiple skin lesions, had almost
the same pattern of TCR VÂ«and VÃŸrepertoire in different
sites of the skin. However, in the other patient, with skin and
brain melanoma, the dissociation of TCR repertoire between
the different sites was revealed. The human melanoma speci
mens used in this study were too small to establish T-cell clones
or even TILs in vitro. Therefore, we do not know the relation
ship of the TCR repertoire of TILs to T-cell specificity.

As a second step, we chose B16-F10 murine melanoma cells
as an experimental model of multiple metastatic melanoma to
examine the TCR repertoire in the tumors of different organs.
Tumor cell sublines and clones exhibiting a broad spectrum of
metastatic capabilities have been isolated from a number of
tumor cell lines (30). So far, the best characterized are the B16
melanoma cell lines; the B16-1 10 line exhibits high metastatic
colonizing potentials (21, 30). Our results show that TILs
within primary and lung, brain, and liver metastatic melanomas
reveal the limited heterogeneity of TCR V/3genes and also site
specificity of TCR gene usage. The basic biological implications
of these findings suggest that host humoral immunity to mela
noma may represent a major driving force favoring tumor
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progression and metastasis. In the B16 melanoma line, there
was a greater expression of H-2 Class I and Class II proteins
by the highly metastatic FIO line as compared with the other
sublines. Furthermore, the difference in cell behavior was ex
plained on the basis of changes in the efficiency of T-cell-
mediated MHC Class I restricted cytolysis, and it has been
suggested that I-A expression facilitates immune recognition of
other melanoma lines. We also examined the mRNA transcripts
of TCR V/3 within TILs from WHEI 164, a methylcholan-
threne-induced fibrosarcoma, which originated from BALB/c
mice. The results revealed that a restricted, but different, pattern
of TCR V/3 usage exists.3 The finding that TILs may be char
acterized by a dominant T-cell receptor gene rearrangement
will require determination of the role of such dominant infil
trating cells, and vice versa. A different TCR VÃŸusage in TILs
distributed in metastasis in various organs may reflect differ
ences in tumor antigenicity at these sites or may be due to
differential homing patterns to these tumors (31). Further stud
ies will be required, but our results might bring us one step
closer to an understanding of the biology of cancer metastasis.
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