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Tumor-infiltrating lymphocytes (TIL) have been
shown to be an independent prognostic factor in
melanomas. To better characterize the host im-
mune response, we have classified TIL by their im-
munoreactivity against lymphoid markers in
formalin-fixed, paraffin-embedded tissue. Mono-
clonal antibodies to leukocyte common antigen
(LCA) and TIA-1 (a granule-associated protein of
cytotoxic T cells and NK cells) were used to immu-
nostain a series of benign nevi, nontumorigenic ra-
dial growth phase, and tumorigenic vertical growth
phase melanomas and metastases. Among nine
nevi, few LCA1 TIL were found, among which rare
cells were positive for TIA-1 (mean, 2.0). Five non-
tumorigenic radial growth phase melanomas also
had few total TIL and rare TIA-11 TIL (mean, 3.4);
the nontumorigenic radial growth phase compo-
nent of seven tumorigenic vertical growth phase
melanomas had higher numbers of TIA-11 TIL
(mean, 11). Twelve cases of tumorigenic vertical
growth phase melanoma showed a variable but sig-
nificantly greater number of both LCA1 TIL and
TIA-11 TIL (mean, 30.6). Nine cases of metastatic
melanoma had a wide range of variation in LCA as
well as in TIA-11 TIL (mean, 46). Although the mean
total number of TIA-11 TIL increased from nontu-
morigenic radial growth phase to tumorigenic ver-
tical growth phase to metastases, TIA-11 as a per-
centage of TIL declined across these categories of
tumor progression (42%, 31%, and 26%, respective-
ly). Our results show that these attributes of TIA-11

TIL, both increasing total number but decreasing
percentage, appear to be a marker of tumor pro-
gression of malignant melanomas. In addition,

there was significant variability in the number of
TIA-11 TIL among advanced melanomas, raising
the possibility that an assessment of TIA-11 TIL may
prove a useful prognostic tool for the evaluation of
primary melanomas.
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Primary cutaneous malignant melanomas fre-
quently incite a cellular immune response charac-
terized by lymphocytes that surround and may in-
filtrate the tumor. Tumor-infiltrating lymphocytes
(TIL), defined as lymphocytes that infiltrate into the
tumor and are in direct contact with tumor cells,
have been shown to be an independent prognostic
factor in primary tumorigenic vertical growth phase
(VGP) melanomas (1–3). TIL have been classified as
brisk, non-brisk, and absent in the prognostic
model. TIL have also been shown to be prognosti-
cally important in predicting disease-free survival
inpatients with lymph node metastases (4). These
models have used the pattern of lymphocytic re-
sponse including all lymphocytes identified mor-
phologically by hematoxylin and eosin staining
present in the infiltrate. However, the detailed phe-
notypic characterization of the lymphoid infiltrate
in tissue sections of benign and malignant melano-
cytic lesions has not been reported, and it is not
known whether all TIL are capable of tumor cell
lysis.

Cytotoxic T-lymphocytes (CTLs) are the effector
cells with the ability to recognize and induce target
cell cytolysis (5). The activated cytolytic lympho-
cytes can mediate cell lysis by releasing cytoplasmic
granules which contain perforin, granzymes, and
TIA-1 (6, 7). On release from cytoplasmic granules,
perforin inserts into the target cell cytoplasmic
membrane and polymerizes to form membrane
pores. Pore formation can cause direct cell lysis
through osmotic forces and the passage of small
molecules such as calcium. In addition, the pores
may also allow for the influx of proteins into the
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target cell. Granzymes are serine proteases that are
involved in the pathway of DNA breakdown. They
act inside the target cell to cleave substrates, even-
tually leading to apoptosis. TIA-1 is an intracellular
protein of cytotoxic lymphocytes that is localized
within the cytoplasmic granules containing serine
proteases. It is a 15 kD granule membrane-
associated protein that can induce apoptotic cell
death when introduced into permeablized cells (8).
Monoclonal antibodies against TIA-1 define a sub-
population of CD81 T-cells and NK cells that have
cytotoxic activity (7–9). Immunostaining using
these antibodies produces a granular, cytoplasmic
staining pattern in CTLs and NK cells and can be
done in paraffin-embedded tissue. TIA-1 specific
antibodies could be a useful tool to study the im-
mune response to malignancies in which there are
TIL.

Because melanoma is a classic example of a tu-
mor in which the host response plays a major role
in the determination of prognosis (1– 4, 10, 11),
additional variables such as the classification of TIL
may improve the specificity and predictive value of
current prognostic models. Therefore, we report the
characterization of TIL using the cytotoxic T-cell
marker, TIA-1, in a variety of melanocytic tumors
from benign nevi to metastatic melanoma.

MATERIALS AND METHODS

Formalin-fixed, paraffin embedded archival tis-
sue from melanocytic lesions including benign nevi
(dermal, compound, and dysplastic types), nontu-
morigenic radial growth phase (RGP) and VGP pri-
mary melanomas and metastases was immuno-
stained with monoclonal antibodies to LCA,
(DAKO), and TIA-1 (Coulter) using the Avidin-
Biotin Complex method. None of the lesions
showed any evidence of irritation, previous biopsy,
or other cause of inflammation on H&E stain. All

tissue samples were steamed for 15 minutes before
incubation with the primary antibody. LCA was
used at a dilution of 1:100 and TIA-1 at 1:1000. TIL,
defined as lymphocytes in direct contact with tu-
mor cells, were quantitated by counting positively
stained cells within a 0.25 3 0.25 mm grid (10 3
eyepiece with 40 3 objective) in the area of highest
concentration within the tumor. The data were an-
alyzed using the SPSS statistics program (SPSS, Chi-
cago, IL).

RESULTS

TIL were counted and the mean value was calcu-
lated for each category of lesion (Table 1). Among
nine nevi, few LCA1 TIL were found, among which
rare cells were positive for TIA-1 (Fig. 1). Five RGP
melanomas also had few total TIL and rare TIA-11

TIL (mean, 3); the RGP component of seven VGP
melanomas had higher numbers of TIA-11 TIL
(mean, 11), (Fig. 2). Twelve cases of VGP melanoma
showed a fourfold variation in LCA1 TIL and a
roughly 10-fold variation in TIA-11 TIL (Fig. 3).
Nine cases of metastatic melanoma had a wide
range of variation in LCA1 as well as TIA-11 TIL
(Fig. 4). The TIA-11 response as a percentage of
total TIL declined from RGP (42%) to VGP (31%) to
metastases (26%).

Several of these differences were statistically sig-
nificant. TIA-11 cells in RGP melanomas were
higher than dermal nevi (P , .04). LCA1 cells
were higher in VGP melanomas than both dermal
nevi (P , .01) and RGP melanomas (P , .01).
Similarly, TIA-11 cells were higher in VGP mela-
nomas than both dermal nevi (P , .01) and RGP
melanomas (P 5 .02). The difference between
VGP and metastatic melanoma was not statisti-
cally significant.

TABLE 1. Immunoreactivity of Tumor-Infiltrating Lymphocytes

Nevi (n 5 9) RGP Melanoma (n 5 12) VGP Melanoma (n 5 12) Metastases (n 5 9)

LCA1 TIA1(%) LCA1 TIA1(%) LCA1 TIA1 LCA1 TIA1(%)

18 0 (0) 11 8 (72) 53 19 (36) 106 14 (14)
6 6 (100) 2 0 (0) 98 14 (14) 393 79 (20)

11 2 (20) 8 1 (13) 226 112 (50) 170 48 (28)
0 0 (0) 13 6 (46) 172 18 (10) 337 61 (18)

16 2 (13) 14 6 (43) 69 45 (65) 99 78 (79)
0 0 (0) 16 2 (13) 49 26 (53) 235 17 (7)

26 7 (27) 57 30 (52) 119 9 (8) 152 59 (39)
0 0 (0) 28 14 (50) 40 14 (35) 11 59 (55)
2 1 (50) 30 1 (3) 119 38 (32) 63 6 (81)

18 8 (44) 79 35 (44)
18 10 (56) 59 9 (15)
14 5 (36) 110 28 (25)

Mean [SE] 9 [3] 2 [1]
(22%)

19 [4] 8 [2] (42%) 99 [16] 31 [8] (31%) 174 [42] 46 [9] (26%)

RGP, radial growth phase; VGP, vertical growth phase.
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DISCUSSION

The current prognostic model for primary mela-
noma includes variables of both the neoplasm and
the host response (for review, see 11). The presence
of TIL, along with mitotic count, is one of the most
powerful predictors of survival in VGP melanomas.
However, a definitive immunohistochemical char-
acterization of TIL using lymphoid markers in tissue
sections of melanoma has not been done. It is not
known whether the number of effector cells, capable
of cytolysis, correlates with the infiltrate seen on rou-
tine H&E stain. Our results show that TIL can easily be
classified by their immunoreactivity against lymphoid

markers in paraffin-embedded tissue. In addition, the
total number of TIA-11 TIL appears to be a marker of
tumor progression of malignant melanomas. They are
absent or rare in benign melanocytic lesions and ra-
dial growth phase melanomas, whereas vertical
growth phase melanomas and metastases have
higher numbers of these cytotoxic effector cells. Cu-
riously, although the total number of TIA-11 TIL in-
creases from RGP to metastatic melanomas, the per-
centage of TIA-11 TIL actually decreases with tumor
progression. This finding suggests that tumors that
progress to VGP and metastatic melanoma have a less
efficient TIL response.

Previous studies have shown that TIL in VGP and
metastatic melanomas correlate with survival (1– 4).
In this study, we show that among the VGP and
metastatic melanomas, there is a wide range in the
number of TIA-11 TIL. Although the cumulative
data show a general correlation between the total
TIL identified by LCA positivity and the number of
TIA-11 TIL, the two values occasionally diverge
within individual cases. For instance, the percent-
age of TIA-11 TIL in metastatic lesions ranges from
15% to ;80%. This heterogeneity in the host re-
sponse suggests that the quantitation of cytotoxic
T-cells identified by TIA-1 immunoreactivity may
segregate tumors based on the TIL’s capability to
effect target cell cytolysis. An infiltrate composed of
more CTLs may signify a more effective host re-
sponse and, thus, it may prove more useful in the

FIGURE 1. Dermal nevus with tumor-infiltrating lymphocytes stained
for LCA (A) and TIA-1 (B). Although LCA1 tumor-infiltrating lymphocytes
can readily be found in dermal nevi, only rare isolated TIA-11 tumor-
infiltrating lymphocytes are seen (original magnification, 4003).

FIGURE 2. Radial growth phase melanoma with tumor-infiltrating
lymphocytes stained for LCA (A) and TIA-1 (B). LCA1 tumor-infiltrating
lymphocytes with brown membrane staining (arrows) are distinguished
from melanophages with coarse, granular pigment (arrowheads). TIA-
11 tumor-infiltrating lymphocytes (arrows) can be distinguished from
melanophages (arrowheads) by morphology (original magnification,
4003).

FIGURE 3. Vertical growth phase melanoma with tumor-infiltrating
lymphocytes stained for LCA (A) and TIA-1 (B). Tumor nodules have
focal areas with numerous LCA1 tumor-infiltrating lymphocytes and
variable numbers of TIA-11 tumor-infiltrating lymphocytes (original
magnification, 4003).
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prognostic model to determine the number of
TIA-1 positive TIL in VGP melanomas. Survival was
not addressed in the current study; future investi-
gations will look at melanomas with 10-year
follow-up to determine the significance of TIA-11

TIL as a predictive factor.
TIL reinfusion, as well as the use of interleukin-2

to stimulate the antitumor immune response
through sensitization of CTLs, has shown promise
as a potential adjuvant therapy for melanoma (12–
17). The use of TIA-1 immunohistochemistry to
identify CTLs may also help to stratify patients who
would benefit from interleukin-2 or TIL infusion
therapy. Patients with more TIA-11 TIL may effect a
better response to sensitization, or patients with
less TIA-11 TIL may recruit a greater number of TIL
with stimulation. Correlation of the TIA-1 response
with clinical outcome in melanoma could provide
useful information to incorporate in future trials
evaluating the response of interleukin-2, TIL infu-
sion or other treatment modalities.
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FIGURE 4. Dermal metastasis with tumor-infiltrating lymphocytes
stained for LCA (A) and TIA-1 (B). Tumor nodules have foci with
numerous LCA1 tumor-infiltrating lymphocytes, many of which are
TIA-1 positive (original magnification, 4003).

TIA-11 TIL in Melanomas (S. Lyle et al.) 55


	TIA-1 Positive Tumor-Infiltrating Lymphocytes in Nevi and Melanomas
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	Acknowledgements
	References


