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Analysis of Lymphocytic Infilfration in Uveal Melanoma

Fiona H. Durie,* Ailsa M. Campbell,* W. R, Lee,t and B. E. Damatot

Among 27 uveal melanomas, five were found to contain tumor infiltrating lymphocytes (TILs). Four
had high levels of lymphocytes, and the fifth had comparatively low levels but adequate numbers for
comprehensive analysis. The TILs were analyzed by flow cytometry to determine the relative propor-
tions of lymphocyte subsets and markers of lymphocyte activation. The results show the predominance
of T-suppressor/cytotoxic lymphocytes and insignificant levels of B-cells present in the infiltrate. The
T-suppressor/cytotoxic cells were generally activated to a higher degree than the T-helper cells when
assayed for levels of the histocompatibility antigen, HLA-DR. T-helper cells expressed more inter-
leukin (IL-2) receptor (Tac) than T-suppressor/cytotoxic cells. Invest Ophthalmol Vis Sci 31:2106-
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Uveal melanomas, like their cutaneous counter-
part, are considered to be relatively susceptible to im-
munologic influences because of reports of spontane-
ous regression,'? of the development of vitiligo and
halo nevi,> and of the delayed appearance of meta-
static disease, sometimes decades after enucleation.*
However, the immunobiologic circumstances are dif-
ferent from the cutaneous disease. Neither the eye
nor the orbit are drained by lymphatics so that the
primary antigen recognition site is likely to be the
reticuloendothelial system in the spleen. In addition,
the fact that melanoma is easier to transplant by in-
traocular inoculation than subcutaneously also indi-
cates specific differences in tumor antigen recogni-
tion.> Such intraocular transplantation can be pre-
vented by prior adoptive transfer of humoral or
cellular immunity to the recipient.®

In approximately 5%-12% of all uveal melanomas,
it is possible to identify infiltration of the tumor by
lymphocytes,” and many other forms of malignant
neoplasms can also be shown to be infiltrated by
lymphocytes, consisting mainly of T-cells.®'* Some
investigators report the predominance of the T-cyto-
toxic/suppressor cell subpopulation;'>'3 others found
a majority of T-helper/inducer cells.'®'"!** There is,
however, no convincing evidence that a more favor-
able prognosis is associated with lymphocytic infil-
tration in uveal melanomas,”'® and it remains uncer-
tain whether tumor infiltrating lymphocytes (TILs)
play a significant role in tumor immunity. The avail-
ability of precisely defined monoclonal-antibody
markers and flow-cytometric techniques makes it
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possible to do a detailed objective analysis of a large
number of lymphocytes in any tumour. We charac-
terized the phenotype of the TILs and studied the
expression of the histocompatibility antigen, HLA-
DR, and interleukin (IL-2) receptor (Tac), which are
markers of activation, on the surface of T-helper and
T-suppressor/cytotoxic lymphocytes in ocular mela-
noma.

Materials and Methods
Preparation of Cells

Tissue was obtained from five choroidal mela-
nomas which were removed either by local resection
or by enucleation. Slices were cut from the apical part
of the fresh specimen after preliminary examination,
and these were transferred to RPMI-1640 medium
(Gibco, Grand Island, NY). Spilled cells were teased
out using a sterile needle. The cells were then har-
vested, washed by centrifugation at 1000 rpm for 15
min, counted, and adjusted to 1X10° cells/ml. The
remaining cell suspensions of TILs and tumor cells
were cryopreserved in medium containing 90% fetal
calf serum and 10% dimethylsulfoxide and stored in
liquid nitrogen until use.

Four of the five patients consented to ventpunc-
ture, and peripheral blood lymphocytes were sepa-
rated on a discontinuous ficoll density gradient.'®"?

Preparation of Samples

Cell suspensions of TILs and tumor cells were
washed and resuspended in | ml of phosphate-buff-
ered saline. Cells (50 ul) were incubated on ice with
appropriate fluorescein isothiocyanate (FITC)-conju-
gated leu series monoclonal antibody and phycoer-
ythrin (PE) conjugated antibody (Becton-Dickinson,

2106



No. 10

Cowley, Oxford, UK). Simultest (Becton-Dickinson)
reagents were also used to determine the levels of T-
and B-lymphocytes present and to evaluate the levels
of the T-cell subpopulations present. Both TILs and
tumor cells were incubated with the antibody at 4°C
for 20 min. All samples were maintained in the dark
to prevent bleaching. Propidium iodide was added to
each tube to a final concentration of 2 ug/ml, and a
live/dead discrimination was done. Antigen expres-

LYMPHOCYTES IN UVEAL MELANOMA / Durie et al

A roed o) o o paa .19 139B, , |46, , |S9P, , |8@p, , |1@00
[reaa E| [rees
Control g Leucogate
g
5 =
1o3n ] gy Foe g
E [ oo
Koo 3. Fao g
g 1077 P
&
rao i— pua W
=
3
= koo
&
w
a. - L
Ti02 Tia? 104 104
FITC IgGy
aed 29) ese @0
frese
| HLADRon Helper cll Feee
1
103 1 Foe  aa foe
1 ~
. 38
'g kua ‘E ko 2
;é,m’_ : .'%m? g
& : Fee w oo W
101 B ] ‘et
o oo
e 0@ 1! et 192 ,m‘ 1 109 10! 10? 1a? 'm‘
FITC anti-HLADR FITC anti-HLADR
B
a4 g o) ‘ 1990 qefS i3 19, iS00, , lamp,, 1000
: Controt & Leucogate
] a =
103 ' F*° & 102 oo g
s ] E o
g t o~
3 | Ko oo 2
a2 [ P 5§ 192 S
S i P2 -
w
K : P“ g ?ﬁﬂ o
§ 101
3 foo = koo
©
w
a.
19
104 194
FITC 1gGy
e |39P, , 149P, , 169P, , 149P, , | 1800 o asa
e H oaa 1@ an
: HLADR on Helper cells h
| |
109 | pee 193 poa
1
8 % 8
3 Fe 3
& 2
& g
# oo
______ e
ol

10!

FITC anti-HLADR FITC ant-HLADR

2107

sion was then analyzed by flow cytometry using
FACScan software (Becton-Dickinson). Ten thou-
sand live gated events were collected for each sample
analyzed.

Results

Of 27 tumors analyzed substantial proportions of
TILs were found in the tumor suspensions by FACS
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Fig. 1. FACScan analysis of (A) tumor infiltrating lymphocytes (TILs) and (B) peripheral blood lymphocytes (PBLs) from a single patient.
Lymphocytes were determined using leucogate antibody (FITC-anti-leucocyte and PE anti-Leu-M3, which stains monocytes) with window 1|
then being constructed to indicate the position on fluorescence scale compared with nonspecific staining in the control. Subpopulations of
T-lymphocytes were analyzed for the presence of HLA-DR and IL-2R (CD25). Activated cells appear in quadrant 2 of the diagram, compared

with nonactivated cells in quadrant 1.
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using Becton-Dickinson leucogate antibody (anti-
leucocyte FITC and anti-leu M3 PE) in four of the
five melanomas tested. The fifth tumor, with a com-
paratively small infiltrate, was also analyzed to inves-
tigate the possibility that this lymphocytic infiltrate
was a reflection of hemorrhage in the tumor. Signifi-
cant lymphocytic infiltrate was also identified by rou-
tine microscopic techniques. For four of the patients,
a venous blood sample was removed immediately
before surgery for comparison of blood lymphocytes
with TILs. A collection gate was placed around the
lymphocytes based on forward-scatter and side-scat-
ter properties to obtain data only from the lympho-
cytes and not from the larger tumor cells. Samples
were then collected with this gate and also with a
live/dead discrimination gate set to exclude any cells
fluorescing in the far red, ie, cells stained with propi-
dium iodide. These gates confirmed that only live
lymphocytes in the tumor were being analyzed.
Figure | illustrates the results of an analysis of the
lymphocyte subsets and activation markers from
both the TILs and the peripheral blood lymphocytes
of a single patient. Several differences between the
two populations of lymphocytes are apparent. The
TILs have few B-lymphocytes in comparison to the
blood and a relatively greater number of T-cytotoxic/
suppressor cells. The TILs also contain lymphocytes
with a greater level of expression of markers of acti-
vation as evidenced by the staining with antibodies to
HLA-DR and the Tac compartment of the IL-2 re-
ceptor. In Figures 2-5, the data obtained in a manner
similar to that demonstrated in Figure | from all five
tumors is presented together with the corresponding
data from the peripheral blood lymphocytes of four
of the patients. For all patients it can be seen that
T-cells predominate in the TILs (Fig. 2). In the
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Fig. 2. Levels of T- and B-cells present in TILs and PBLs from
five patients with uveal melanoma. The T-cells predominate in
both samples.
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Fig. 3. Levels of T-helper and T-suppressor/cytotoxic cells in
TILs and PBLs from five patients with uveal melanoma. Whereas
the cytotoxic/suppressor cells predominate in the TILs, the helper
cells tend to predominate in the PBLs.

tumors T-cytotoxic/suppressor lymphocytes predom-
inate whereas in the peripheral blood, T-helper cells
predominate (Fig. 3).

These individual T-cell subpopulations were
stained using the appropriate PE-conjugated anti-leu
series antibody. The FITC anti-HLA-DR was then
added to determine the presence of this activation
marker on the surface of the T-cells. A positive result
was then determined by an increase of fluorescence
compared with the control. The TILs expressed sub-
stantially more HLA-DR than did the peripheral
blood lymphocytes even in patient 5 where fewer
TILs were present (Fig. 4).

The T-helper cells were consistently more positive
for the IL-2 receptor (Tac) than the T-cytotoxic/sup-
pressor subsets (Fig. 5). Levels of IL-2 receptor-posi-
tive T-helper cells ranged from 11%-26%. Peripheral
blood lymphocytes also expressed highly variable but

100-‘

80 4

> |

60 4

W OR, Helper T
B OR. Tcyvsup

\

a0 4

% of cells HLA-DR poslitive

20 4

7
z
i
24 Z
7
%
7
7
¢

A

\'.

0¥
1TIL 2TIL 3TIL 4TIL STIL 1PBL 2PBL 4PBL SPBL

Patlents

Fig. 4. Levels of HLA-DR on T-helper and T-suppressor/cyto-
toxic cells in TILs and PBLs from five patients. The TILs, including
those of patient 5, express more HLA-DR than the PBLs.
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substantial levels of the IL-2 receptor, suggesting that
the two markers of activation detected different sub-
populations of cells in the samples.

Discussion

The activation of T-helper cells is the beginning of
an effective immune response, and the successful
completion of antigen presentation by an antigen
presenting cell (APC). During the activation process,
the surfaces of T-cells acquire HLA-DR antigens and
receptors for 1L-2.

The activation of T-cells is thought to occur after
binding of the T-cells to the APC. T-cells, particularly
those of the helper variety, do not recognize free anti-
gen which must be presented together with major
histocompatibility complex class 2 products ex-
pressed by the APC. The initiation of T-cell prolifera-
tion also requires signals between the APC and the
lymphocyte via interleukins. This induces the APC to
produce IL-1 and, in association with antigen stimu-
lation, induces IL-2 receptors on the T-cells, stimulat-
ing T-cells to release IL-2 which causes antigen-acti-
vated cells to proliferate.® 01819

This study shows that the TILs of uveal melanomas
contain high levels of HLA-DR on the surface of their
T-helper cells, possibly indicative of the antigen-pre-
senting capabilities of the T-cells to other T-helper
cells, augmenting the immune response.

Two separate IL-2 binding molecules have been
reported on human lymphocytes; each of these binds
IL-2 alone or together in a heterodimeric receptor
complex.?2! These three receptor forms are responsi-
ble for three distinct affinities of IL-2 binding: low
(Tac alone); medium (p70-p75 alone); and high (the
p70+ Tac dimeric complex). A probe for the p70 IL-2
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Fig. 5. Levels of IL-2R (CD25) present on T-helper and T-sup-
pressor/cytotoxic cells in TILs and PBLs from five patients with
uveal melanoma. In all cases, helper cells have more 1L-2R than
cytotoxic cells.
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Table 1. Nomenclature of Leu series MAbs

Antibody Predominant reactivity

1gG,\-FITC + 1gG,,-PE Control

Leucogate Detection of lymphocytes

Anti-Leu 2a Suppressor/cytotoxic T-lymphocytes
Anti-Leu 3a Helper T-lymphocytes

Anti-Leu 4 T-lymphocytes

Anti-Leu 12 B-lymphocytes

HLA-DR Class I MHC antigens

IL-2R Interleukin-2 receptor
(Tac or CD25 component)

receptor is not yet available, but cells lacking Tac
cannot express the highest in affinity of these three
receptor types. We found that few of the T-cytotoxic/
suppressor cells expressed Tac receptor on the sur-
face. It has been suggested that it is possible to expand
T-lymphocytes in IL-2 and then readminister these to
humans in the hope that the lymphocytes are actually
more tumoricidal than lymphokine-activated killer
(LAK) cells.?? We reported that the T-cytotoxic/sup-
pressor lymphocytes are low in the receptor for I1L-2.
If placed into culture with recombinant 1L-2, there-
fore, the T-helper cells might predominate and the
T-cytotoxic/suppressor cells population not expand
significantly. There is evidence that this phenomenon
also occurs in cutaneous melanoma.'® This may be-
come relevant when considering LAK cells and re-
combinant IL-2 in the adoptive immunotherapy of
patients with metastatic uveal melanoma and other
advanced cancers.

Key words: uveal melanoma, lymphocytic infiltration, flow
cytometry, immune response

Acknowledgments

The authors thank The Royal National Institute for the
Blind who funded this work.

References

1. Jensen OA and Andersen S: Spontaneous regression of a ma-
lignant melanoma of the choroid. Acta Ophthalmol 52:173,
1974.

2. Reese AB, Archila EA, Jones IS, and Cooper WC: Necrosis of
malignant melanoma of the choroid. Am J Ophthalmol 69:91,
1970.

3. Albert DM, Todes-Taylor N, Wagoner M, Norlund JJ, and
Lerner AB: Vitiligo or halo nevi occurring in two patients with
choroidal melanoma. Arch Dermatol 118:34, 1982,

4. Newton FH: Malignant melanoma of the choroid: Report of a
case with clinical history of 36 years and follow-up of 32 years.
Arch Ophthalmol 73:198, 1965.

5. Niederkorn JY and Streilein JW: Intracamerally induced con-
comitant immunity. J Immunol 131:2587, 1983.



2110

6.

Niederkorn JY and Streilein JW: Adoptive transfer of immu-
nity to intraocular tumors in mice. Invest Ophthalmol Vis Sci
25:336, 1984.

. Lang JR, Davidorf FH, and Baba N: The prognostic signifi-

cance of lymphocytic infiltration in malignant melanoma of
the choroid. Cancer 40:2388, 1977.

. Itoh K, Tilden AB, and Balch CM: Role of interleukin 2 and

serum suppressive factor on the induction of activated killer
cells cytotoxic for autologous human melanoma cells. Cancer
Res 45:3173, 1985.

. Ralfkiaer E, Hans- Jansen K, Gatter KC, Drcewrecker KT,

and Mason DY: Immunohistochemical Analysis of the Lym-
phoid Infitrate in Cutaneous Melanoma. Virchows Arch [A]
410:325, 1987.

. Muul LM, Speiss PJ, Director EP, and Rosenberg SA: Identi-

fication of specific cytolytic immune responses against autolo-
gous tumor in humans bearing malignant melanoma. J Im-
munol 138:989, 1987.

. Belldegun A, Linham WM, and Robertson CN: Isolation and

characterisation of lymphocytes infiltrating human renal cell
cancer: Possible applications of therapeutic adoptive immuno-
therapy. Surg Forum 37:671, 1986.

. Topalian SL, Muul LM, Solomon D, and Rosenberg SA: Ex-

pansion of human tumor infiltrating lymphocytes for use in
immunotherapy trials. J Immunol Methods 102:127, 1987.

. Kurnick JT, Kradin RL, Blumberg R, Schneeberger EE, and

Boyle LA: Functional characterisation of T lymphocytes prop-
agated from human lung carcinomas. Clin Immunol Immu-
nopathol 38:367, 1986.

. Kradin RL, Boyle LA, Prefter Fl, Callahan RJ, Barlai-Kovach

M, Strauss HW, Dubinett S, and Kurnick JT: Tumor-derived

Downloaded from iovs.arvojournals.org on 06/28/2019

INVESTIGATIVE OPHTHALMOLOGY & VISUAL SCIENCE / Ocrober 1990

20.

21.

22.

Vol. 31

interleukin-2-dependant lymphocytes in adoptive immuno-
therapy of lung cancer. Cancer Immunol Immunother 24:76,
1987.

. De la Cruz PO, Specht CS, and McLean IW: Lymphocytic

infiltration in uveal malignant melanoma. Cancer 65:112,
1990.

. Campbell AM: Monoclonal Antibody Technology. Elsevier

Amsterdam, 1984, pp. 117-118.

. Damato BE, Campbell AM, Maguire BJ, Lee WR, and Foulds

WS: B-lymphocytes from melanoma patients and normal indi-
viduals react with melanoma cells but also irrelevant antigens.
BrJ Cancer 58:182, 1988.

. Vose BM, Ferguson R, and Moore LM: Mitogen responsive-

ness and inhibitory activity of mesenteric lymph node cells:
Conditioned medium containing T cell growth factor reverse
suppression factor. Cancer Immunol Immunother 13:105,
1982.

. Rosenberg SA, Spiess PM, and La Fremere R: An approach to

the adaptive immunotherapy of cancer with tumor-infiltrating
lymphocytes. Science 233:1318, 1986.

Robb RJ, Greene WC, and Rusk CM: Low and high affinity
receptor for interleukin: 2. Implications for the level of Tac
antigen. J Exp Med 169:1126, 1984,

Lowenthal JW, Zubler RH, Nanholz M, and Macdonald HR:
Similarities between interleukin-2 receptor number and affin-
ity on B and T lymphocytes. Nature 315:669, 1985.

Topalian SL, Solomon D, Avis FP, Chang AE, Freerksen DL,
Lineham WM, Lotze MT, Robertson CN, Seipp CA, and
Simon P: Immunotherapy of patients with advanced cancer
using tumor-infiltrating lymphocytes and recombinant inter-
leukin-2: A pilot study. J Clin Oncol 6:839, 1988.



