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Abstract: Malignant melanoma is one of the most immunogenic human neoplasms; immune response of the host 
impedes disease development, especially at its early phase. Immunohistochemical staining was used to visualize 
CD4+ and CD8+ T cells and to examine the prognostic significance of their proportion and spatial distribution within 
68 melanoma primary tumors with non-brisk and brisk tumor-infiltrating lymphocytes (TILs). We revealed that a high 
ratio of CD8+ cells among TILs and their diffuse distribution were associated with longer melanoma-specific survival. 
Moreover, diffuse localization of CD8+ lymphocytes correlated with a significantly longer disease-free survival. Nei-
ther the percentage nor spatial distribution of CD4+ TILs influenced patient survival. Our results underscore the role 
of TILs in melanoma pathobiology. We demonstrated that the clinical outcome in skin melanoma patients is related 
to the phenotypic composition of TILs and their spatial relation to the tumor mass. 
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Introduction

Malignant melanoma is one of the most immu-
nogenic human neoplasms; immune response 
of the host impedes disease development, 
especially at its early phase. The presence of 
lymphocytes among cancer cells, termed tum- 
or-infiltrating lymphocytes (TILs) in 1975 by 
Mihm and associates, is a morphologic sign of 
this response [1]. Immune cells within melano-
ma tumors include a wide array of cytotoxic, 
helper and regulatory T lymphocytes, natural 
killer cells, B lymphocytes, dendritic cells, mac-
rophages, granulocytes and mast cells. In com-
mon belief a heterogeneous group of cytotoxic 
lymphocytes, comprising Tαβ CD8+ cells, some 
of Tαβ CD4+ cells, Tγδ lymphocytes, NKT and 
NK cells, is the main weapon of the immune 
system against malignant melanocytes. 

Existing possibilities for patients with advanced-
stage disease present many drawbacks, name-
ly toxicity, rapidly emerging resistance to classi-

cal chemotherapeutics and new drugs e.g. 
BRAF inhibitors, restricted application of the 
latter, and only modest clinical benefit. There- 
fore, modulation of antitumor immune response 
seems to be a promising option. One of the key 
mechanisms of novel strategies is to enhance T 
cell-mediated immunity. Scientists pin great 
hopes on adoptive cell transfer techniques: re-
infusion of previously harvested autologous 
TILs, expanded and conditioned in vitro, dem-
onstrated remarkable effects in multiple clini-
cal trials in advanced-stage melanoma patients 
[2, 3]. Another approach to reinforcing patient’s 
immunity against cancer are various types of 
anti-melanoma vaccines. Administration of mel-
anoma-related peptides and cell lysates in co- 
mbination with adjuvants and immunomodula-
tors was beneficial in some experiments [4]. 
Moreover, TILs are affected by some of the ther-
apies that are already approved for clinical use. 
In an experiment by Wilmott et al., selective 
inhibitors of mutant BRAF induced pronounced 
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infiltration of melanomas by CD4+ and CD8+ 
lymphocytes [5]. However, clinical parameters 
remained unaffected by the observed increase 
in TIL rates [5]. Similarly, Frederic and col-
leagues reported augmented tumor infiltration 
by CD8+, but not CD4+ cells, due to treatment 
with BRAF inhibition [6]. Treatments with inter-
feron alfa2b, PD-1 and CTLA-4 blocking anti-
bodies, and interleukin 12 were also associat-
ed with modulation of TIL infiltrates [7-10].

While a nonredundant role of TILs in melanoma 
pathology is generally recognized, discrepan-
cies exist with regard to the significance of par-
ticular lymphocyte phenotypes and especially 
their differential localization patterns remain 
elusive. The utility of particular TIL categoriza-

tion (diffuse vs marginal) applied in this study 
has not been previously systematically ana-
lyzed. We used immunohistochemical staining 
to visualize CD4+ and CD8+ T cells and exam-
ined the prognostic significance of their propor-
tion and spatial distribution within melanoma 
primary tumors with non-brisk and brisk TILs.

Material and methods

Patients

The study group consisted of 68 patients with 
cutaneous melanoma with non-brisk and brisk 
TILs diagnosed between 2005 and 2010 and 
treated in the Lower Silesian Oncology Center 
in Wroclaw, Poland. The group was selected on 

Table 1. Correlations between percentage and spatial distribution of CD8+ T cells, and clinical param-
eters

Clinical parameters
CD8+ lymphocytes

Percentage of TILs Spatial distribution
<70% ≥70% p value Marginal Diffuse p value

Age in years (28-79)a mean, 60±13.1; median, 60.5 0.288 0.391
Genderb

    Female 19 18 0.013 17 20 0.532
    Male 6 25 11 20
Primary tumor locationc

    Head/neck  5 3 0.219 4 4 0.491
    Extremities 13 19 11 21
    Hand/foot 0 1 1 0
    Trunk 7 20 12 15
Primary tumor (pT)a

    pT1 9 18 0.052 7 20 0.040
    pT2 3 10 4 9
    pT3 9 4 9 4
    pT4 4 11 8 7
Regional lymph nodes status (pN)b

    No metastases (pN-) 20 38 0.559 21 37 0.097
    Metastases present (pN+) 5 5 7 3
Distant metastases (pM)b 
    No metastases (pM-) 23 43 0.255 26 40 0.324
    Metastases present (pM+) 2 0 2 0
Sentinel lymph node biopsy status (SNLB)b (40 patients)
    No metastases (SNLB-) 9 25 0.499 9 25 0.143
    Metastases present (SNLB+) 3 3 4 2
Recurrenceb

    No 23 40 1.000 24 39 0.174
    Yes 2 3 4 1
ap value of Wilcoxon two sample test; bp value of Fisher’s exact test; cp value of chi2 test; Statistically significant results 
(P<0.05) are in bold text.
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Figure 1. Immunohistochemically visualized expression of CD4 and CD8 in cutaneous melanoma. Lack of CD4+ 
lymphocytes in invasive melanoma (A, 100×, hematoxylin); high percentage of CD8+ lymphocytes with diffuse pat-
tern of spatial distribution (B and C, 100×, hematoxylin); high percentage of CD8+ lymphocytes with marginal spatial 
distribution (D, 100×, hematoxylin); low marginal distribution of CD8+ observed only at the base of tumor (E and F, 
100×, hematoxylin).



CD8/CD4 expression in skin melanoma patients

8418 Int J Clin Exp Pathol 2016;9(8):8415-8423

the basis of the availability of tissue material 
(paraffin blocks and histopathology slides) and 
medical documentation. Comprehensive clini-
cal data were obtained from archival medical 
records. The diagnostic and therapeutic proce-
dures utilized were determined based on the 
medical records held by the oncology outpa-
tient clinic of the Lower Silesian Oncology 
Center and the data provided by the Lower 

Silesian Cancer Registry and Civil Register 
Office. The study was approved by the ethical 
committee of the Wroclaw Medical University, 
Poland. 

The clinicopathological profile of patients 
included the following parameters: age and 
gender, primary tumor location, tumor stratifi-
cation according to American Joint Committee 

Table 2. Correlations between percentage and spatial distribution of CD8+ T cells, and pathological 
parameters

Histopathological parameters
CD8+ lymphocytes

Percentage of TILs Spatial distribution
<70% ≥70% p value Marginal Diffuse p value

Breslow thicknessa 

    ≤1 mm 9 18 0.017 7 20 0.018
    1.01-2.00 mm 2 10 3 9
    2.01-4.00 mm 10 4 10 4
    >4 mm 4 11 8 7
Clark levela

    I - - - -
    II 3 10 4 9
    III 10 21 0.372 8 23 0.014
    IV 10 10 14 6
    V 2 2 2 2
Histologic typeb 0.730  0.096
    Superficial spreading melanoma (SSM) 19 31 17 33
    Nodular malignant melanoma (NMM) 6 11 10 7
    Acral-lentiginous melanoma (ALM) 0 1 1 0
Mitotic ratea

    0 11 22 0.204 8 25 0.002
    ≥1 14 21 20 15
Ulcerationc

    No 10 28 0.078 9 29 0.002
    Yes 15 15 19 11
TILsc

    Non-brisk 11 16 0.768 16 11 0.027
    Brisk 14 25 12 29
Microsatellitosisc

    No 23 42 0.627 25 40 0.129
    Yes 2 1 3 0
Lymphatic invasionc

    No 15 37 0.032 16 36 0.004
    Yes 10 6 12 4
Tumor regressionc

    No 22 39 1.000 25 36 1.000
    Yes 3 4 3 4
ap value of Wilcoxon two sample test; bp value of chi2 test; cp value of Fisher’s exact test; Statistically significant results 
(P<0.05) are in bold text.
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on Cancer (pT), presence or absence of nodal 
(pN) and distant (pM) metastases, information 
on disease recurrence and sentinel lymph node 
biopsy (SLNB) procedures (Table 1).

Tumor samples and histopathological evalua-
tion

Tumor specimens were fixed in 10% buffered 
formalin and embedded in paraffin. All haema-
toxylin and eosin stained sections were exam-
ined by two pathologists. The parameters of 
the primary tumor recorded in pathology repo- 

rts were Breslow thickness, Clark level, growth 
phase, histologic type, mitotic rate (number of 
mitotic figures per 1 mm2), presence of ulcer-
ation, lymphangio-invasion, microsatellitosis, 
intensity of lymphocytic inflammatory infiltrate 
(TILs, tumor-infiltrating lymphocytes) and micro-
scopic evidence of regression (Table 1). 

TILs were assessed in a semiquantitative way 
as defined below. Absence of TILs: there are no 
lymphocytes present or lymphocytes are pres-
ent but they do not infiltrate tumor at all. Non-
brisk TILs: lymphocytes infiltrate melanoma 

Figure 2. Kaplan-Meier analysis of the prognostic impact of CD8+ lymphocytes and their spatial distribution in cuta-
neous melanoma patients. High percentage of CD8+ lymphocytes was associated with longer cancer-specific overall 
survival (CSOS) (A); however, proportion of CD8+ TILs had no impact on disease-free survival (DFS) (B); spatial loca-
tion of CD8+ cells also demonstrated prognostic significance-diffuse type of distribution strongly correlated with 
longer CSOS and DFS (C and D, respectively).



CD8/CD4 expression in skin melanoma patients

8420 Int J Clin Exp Pathol 2016;9(8):8415-8423

only focally or not along the entire base of the 
vertical growth phase. Brisk TILs: lymphocytes 
diffusely infiltrate the entire base of the vertical 
growth phase or the entire invasive component 
of the melanoma.

Immunohistochemistry

CD8 and CD4 immunoreactivity was analyzed 
in 68 cutaneous melanoma patients with non-
brisk and brisk TILs. Immunohistochemical de- 
termination of CD8 expression (clone C8/144B 
IR623, DAKO; Glostrup, Denmark) and CD4 
expression (clone 4B12 IR649, DAKO; Glostrup, 
Denmark) was performed on 4 µm-thick paraf-
fin sections mounted on sialinized slides (DAKO, 
code number S 3003), which were then sub-
jected to deparaffinization, rehydration and 
heat induced epitope unmasking performed 
using PT Link, with EnVisionTM Target Retrieval 
Solution used for 20-40 minute incubation at 
97°C. Autostainer Link was used to perform 
immunological test using detection reagents 
Dako EnVisionTM FLEX/HRP (SM802).

Evaluation of immunohistochemistry

The percentage of CD4+ and CD8+ T lympho-
cytes was counted in 5 microscopic fields per 
each section (slide) at total magnification of 
×400, independently by two histopathologists. 
Additionally, two categories of spatial distribu-
tion were identified for each of the analyzed 
antigens, namely diffuse with lymphocytes 
both along the front of melanoma invasion and 
interspersed within the tumor mass, and mar-
ginal with lymphocytes localized only at the 
base of tumor. Only positive immunohistochem-
ical signals with clear lymphocyte morphology 
were evaluated (Figure 1).

Statistical analysis

All statistical analysis was performed using the 
R language [http://www.R-project.org]. Contin- 
uous variables like age or proportions of lym-
phocytes were summarized with the use of the 
mean, median, min and max values. Expression 
of TILs was dichotomized into two levels: lower 
than 70% vs. larger or equal 70%. For cancer-
specific overall survival (CSOS) and disease-
free survival (DFS) we performed log-tests and 
Kaplan-Meier curves, all such analyses were 
conducted with the survival package for R. To 

assess the relation between dichotomized TILs 
expression and continuous variables, the 
Wilcoxon two sample test was used. The rela-
tion of TILs and binary variable was assessed 
by exact Fisher test while with other categorical 
variables were assessed by chi-square test. All 
relations were summarized by a suitable p-val-
ue, and all p-values smaller than 0.05 were 
considered as significant.

Results

TIL subpopulations of CD4+ and CD8+ lympho-
cytes

Analysis of immunoreactivity for CD4 and CD8 
surface molecules demonstrated a marked 
domination of CD8+ lymphocytes in analyzed 
tumors. Mean proportion of CD8+ lymphocytes 
was 69% (median: 70%, min.: 30% max.: 95%) 
and of CD4+ cells was 11% (median: 5%, min.: 
0%, max.: 50%). No CD4+ lymphocytes were 
detected in 15 (9 with TILs: brisk and 6 with 
TILs: non-brisk) out of 68 cases (22%) whereas 
CD8+ lymphocytes were present in every ana-
lyzed tumor.

Different patterns of spatial distribution of TILs 
were observed: diffuse (lymphocytes both 
along the front of melanoma invasion and inter-
spersed within the tumor mass) and margin- 
al (only at the base of tumor). Distribution of 
CD8+ cells was predominantly diffuse (40/68; 
58.8%). Conversely, CD4+ cells were located 
marginally in most cases (44/53; 83% of 
tumors containing CD4+ lymphocytes).

Analysis of correlations between proportions 
and spatial distribution of T cell subpopula-
tions, and clinicopathological parameters

High percentage of CD8+ lymphocytes was sta-
tistically linked with male gender, thinner 
tumors and lack of lymphatic invasion (Tables 
1, 2).

Tumors with diffuse pattern of CD8+ cell distri-
bution were thinner and presented lower mitot-
ic activity. Marginal location of CD8+ cells cor-
related with ulceration and lymphatic invasion 
within the primary tumor. High intensity (brisk) 
TIL infiltration was observed more often in mel-
anomas with diffuse pattern of CD8+ distribu-
tion (Table 2).
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We found no association between the propor-
tion and distribution patterns of CD4+ cells, and 
analyzed clinicopathological parameters (data 
not shown).

Characteristics of lymphocytic infiltrate within 
the primary tumor and patient survival-Kaplan-
Meier analysis

We revealed that high percentage of CD8+ lym-
phocytes was associated with longer CSOS, but 
had no impact on DFS (Figure 2A, 2B). Ana- 
logously, a positive relationship between the 
proportion of CD8+ TILs and CSOS, but not DFS, 
was observed in patients without nodal metas-
tases (data not shown).

Spatial location of CD8+ cells also demonstrat-
ed prognostic significance-diffuse type of distri-
bution strongly correlated to longer CSOS and 
DFS (Figure 2C, 2D). 

Patient prognosis appeared independent of the 
proportion and distribution patterns of CD4+ 
cells (data not shown).

Discussion

In this study we reported that a high ratio of 
CD8+ cells among TILs and their diffuse distri-
bution are associated with a favorable progno-
sis in patients with melanoma of the skin. 
Marginal localization of CD8+ lymphocytes cor-
related with a significantly shorter melanoma-
specific survival. Neither the percentage nor 
spatial distribution of CD4+ TILs influenced 
patient survival.

The topic of local immune response in melano-
ma has been investigated for many years [1], 
but data referring to TIL localization patterns 
(diffuse versus marginal) applied in our study 
are scarce. Hansen and McCarten analyzed dif-
ferences in patient survival in relation to the 
presence or absence of lymphocytic infiltration 
at the base of the lesion [11]. They revealed 
better outcome in the former group, but diffuse 
TILs were not considered [11]. Ladanyi et al. 
reported a survival advantage related to a high 
density of activated (CD25 and OX40 positive) 
peritumoral, and not intratumoral T lympho-
cytes [12]. McGovern reported that TILs local-
ized predominantly at the base of a tumor nod-
ule associate with better survival [1]. In our 
opinion, peritumoral/marginal location of TILs 
may rather be an indication of weakness or fad-

ing of local immunity against melanoma. This 
type of TIL infiltrate, besides correlation with 
worse survival (compared to patients with dif-
fuse TILs), characterized tumors with aggres-
sive histology, i.e. thick, proliferating melano-
mas with lymphatic invasion and superficial 
ulceration (Table 2). Hence, it seems possible 
that marginal TIL pattern reflects inability of 
lymphocytic response to keep up with high 
mitotic rate of the tumor bulk. Acquired mecha-
nisms of immune escape-another factor poten-
tially involved-might contribute to limiting intra-
tumoral/diffuse gathering of TILs. Expression 
of certain proteins by melanocytes, e.g. Fas 
(Apo-1/CD95) ligand [13, 14] or PD-L1 [15], 
may induce apoptosis in adjacent lymphocytes. 
Indoleamine 2, 3-dioxygenase [16] and matrix 
metalloproteinase-23 [17] diminish accumula-
tion of TILs by impairing their activation and 
possibly a proliferation arrest.

In their ultrastructural analysis, Dvorak et al. 
noticed that immunologic reaction to melano-
ma resembles human delayed hypersensitivity 
responses like allergic contact dermatitis and 
allograft skin rejection [18]. The researchers 
demonstrated robust activation of lymphocytes 
and macrophages, influx and partial degranula-
tion of mast cells, and marked changes in 
microvasculature (swelling and focal necrosis 
of endothelial cells, thickening of basal lamina) 
[18]. TILs maintained intimate contact with 
individual melanoma cells-viable and dead-
often wrapping them inside rosette structures 
[18]. This observation of lymphocytic satellit-
osis endorses the authors’ opinion that effec-
tive immune response against melanoma 
largely depends on direct interactions between 
lymphocytes and malignant melanocytes. An- 
other support comes from early experiments 
with vaccinations, in which an abscopal effect 
and pyknosis of melanocytes were associated 
with direct contact between neoplastic and 
mononuclear immune cells [1].

It may come as a surprise that CD4+ lympho-
cytes (their proportion among TILs and distribu-
tion amid melanoma cells) seem irrelevant for 
patients’ prognosis. We suspect that the het-
erogeneity of cells expressing CD4 might be a 
key for the interpretation of this finding. 
Classical types of T helper cells, named Th1 
and Th2 and both expressing CD4, have a radi-
cally different activity [19]. The former secrete 
IFN-γ, IL-2, TNF-β, and drive cell-mediated 
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responses, while the latter produce IL-4, IL-10, 
IL-13, and participate in humoral defense and 
allergies [19]. Differential significance of these 
subtypes has been observed in melanoma 
[20]. CD4+CD25+FOXP3+ phenotype is a hall-
mark of regulatory T cells, a population control-
ling self-tolerance and abrogating undue 
immune responses. They feature in various 
cancer settings [21], but their influence on mel-
anoma is unclear [22-24]. Several other sub-
types that go beyond the classical categoriza-
tion of CD4+ cells outlined above, e.g. Th17, Tr1 
or cytotoxic CD4+ cells, play a role in immuno-
logic response to melanoma [25-27]. Complex 
interplay between the subsets may obscure 
and counterbalance their individual actions 
rendering total CD4+ pool outwardly passive.

Great heterogeneity of TILs and a complex 
immunological homeostasis dysregulated dur-
ing the evolution of cancer are very problematic 
aspects of melanoma research, especially con-
sidering that appropriate analytical methods 
are lacking. Isolation of peripheral blood cells 
provides a very poor insight into localized and 
multifaceted immunological reaction against 
melanoma. Especially in the early stages, when 
a number of cancer cells triggering immune re- 
sponse is limited, alterations in peripheral imm- 
une profile may remain undetectable even wh- 
en sensitive methods are employed. Immunoh- 
istochemistry is an important, yet imperfect 
tool. It enables the scientists to discern indi-
vidual cells, but the complexity of epitope 
expression profiles of numerous lymphocyte 
subpopulations warrants caution with interpre-
tation of results.

We demonstrated that a higher ratio of CD8+ 
TILs is correlated with longer melanoma-specif-
ic survival. In addition, not only a phenotype of 
lymphocytes, but also their spatial relation to 
the tumor mass seems to be a significant factor 
for patient’s outcome. It would be interesting to 
analyze, in analogy to breast cancer [28], prog-
nostic differences between stromal TILs and 
those in direct contact with malignant melano-
cytes. Our results underscore the role of TILs in 
melanoma pathobiology, but future studies are 
needed to translate knowledge into clinical 
practice.
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