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Cancer is subject to dynamic interactions between contrary immune reactions that drive both tumor
growth and suppression. Forkhead box p3 positive T cells (Foxp3 positive T cells) might support tu-
mor promotion, while CD8 positive T cells might protect the host. The present study examined the
distributions of CD8- and Foxp3-positive T cells and CD8 positive T cells/ Foxp3 positive T cells ratio
in skin squamous cell carcinoma (SCC) and its precancerous lesions; it also compared this with data
for basal cell carcinoma (BCC). limmunohistochemical staining for CD8 and Foxp3 was conducted in
20 cases of SCC, Bowen’s disease (BD), actinic keratosis (AK) and BCC. The BD and SCC cases ex-
hibited significantly increased numbers of both CD8- and Foxp3-positive T cells in their advancing
regions compared with the AK and BCC cases, and the BD cases exhibited significantly lower CD8
positive T cells / Foxp3 positive T cells ratio in these regions than did the AK and BCC cases. There
was no significant difference in both T cells and the ratio between BD and SCC. The degree of both
T cells infiltration differed between the advancing and central areas in SCC and BCC. Immune micro-
environments differ between cutaneous squamous cell tumors and BCC and differ as well among tu-
mor compartments.
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Introduction

Ultraviolet radiation is closely implicated in the carcino-
genesis of squmaous cell carcinoma (SCC) and basal cell car-
cinoma (BCC) because it induces DNA mutations and im-
munosuppression [1, 17]. Both tumors frequently occur in
organ transplant recipients (OTR), in which their occur-
rences are also correlated with the level of immun-
osuppression [8]. Therefore, the status of immune system
is markedly related to the development of both tumors.
Cancer cells are able to express immunogenic tu-
mor-associated antigens that are targets for cellular immune
responses [2]. Thl immune responses foster anti-tumor im-
mune reactions through the activation of CD8 positive T
cells which kill tumor cells by releasing toxic granules [13,
16]. In contrast, cancer can overcome immunosurveillance
through many mechanisms, in which regulatory T cells
(Tregs) plays an important role in a variety of cancers [7].
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Tregs are CD4 positive CD25 positive T cells, express the
forkhead box p3 (Foxp3) transcription factor, and suppress
the activation of conventional T cells through direct contact
or the release of cytokines [6, 24]. In other words, Foxp3
positive T cells may impair the anti-tumor immune re-
sponses of CD8 positive T cells and natural killer cells in
a variety of cancers [7, 21]. Combined analysis for both
Foxp3 positive T cells and cytotoxic T cells are to be done
to evaluate the immune response against tumors. Foxp3 pos-
itive T cells have also been observed in SCC and BCC, and
their numbers were reported to increase during the develop-
ment of skin SCC [5, 10, 12]. Recently, the CD8 positive T
cells/ Foxp3 positive T cells ratio was shown to be sig-
nificantly lower in transplant associated SCC compared to
otherwise SCC [4, 27]. In these studies, the ratio was sug-
gested as a valuable tool for the prediction of development
and aggressive growth of transplant associated SCC. Renal
transplant recipients showed more increased incidence for
SCC than BCC [17]. Previous studies have shown that MHC
class I expression and CD8 positive T cell infiltration were
significantly decreased in BCC compared to SCC [3, 23].
Aforementioned findings suggest that the tumor immune
microenvironment differs between both tumors. The present
study was conducted to examine the distribution of CD8
positive T cells, Foxp3 positive T cells and CD8 positive T



Table 1. Characteristics of patients

Number Age Gender
of cases distribution (male:female)
Squamous cell 20 95~50 812
carcinoma
Bowen’s disease 20 93~55 6:14
Actinic keratosis 20 93~56 8:12
Basal cell carcinoma 20 90~58 8:12

cells/ Foxp3 positive T cells ratio in skin SCC and its pre-
cancerous lesions, and compare them to those of BCC.

Materials and Methods

Patients and tissue samples

We used only one representative tissue section in formal-
in-fixed paraffin-embedded tissues from 80 patients who
were diagnosed with actinic keratosis (AK), Bowen's disease
(BD), SCC, or BCC at Dongguk University Gyeongju Hospital
between 2011 and 2013. The distribution of age and gender
in this study subjects are shown in Table 1. Any patients did
not receive radiotherapy or chemotherapy before diagnosis.

Immunohistochemistry and assessment
Tissue preparation and immunohistochemical staining

were performed in same method done in our previous study
[10]. The primary antibodies included anti-CD8 (1:250, Dako,
Santa Barbara, CA, USA) and anti-Foxp3 antibody (1:100,
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Abcam, Cambridge, UK). Rabbit and mouse IgG isotype
were used as negative controls, while tonsil tissue was used
as a positive control. Lymphocytes with positive signal for
CD8 or Foxp3 were assessed in the tumor region and in the
stroma at the advancing and central area for SCC and BCC,
as well as in the adjacent stroma and tumor region for AK
and BD. Their numbers were counted in five randomly se-
lected high-power fields (HPFs) and were averaged. CD8
positive T cells/ Foxp3 positive T cells ratio was calculated
based on the number of both T cells.

Statistical analysis

Mean was 71 for CD8 positive T cells, 44 for Foxp3 pos-
itive T cells and 2.2 for the CD8 positive T cells/ Foxp3 pos-
itive T cells ratio in all the examined cases. The number and
ratio were divided into high (mean or more) and low group
(less than mean) based on mean. The range of tumor depth
in SCC and BCC was from 1 mm to 6 mm and its mean
value was 2.98 mm. Therefore, both tumors were divided
into two groups based on 3 mm of tumor depth. Fisher's
exact test was used. A p-value of less than 0.05 was consid-
ered to indicate significance.

Results

Immunohistochemical staining of CD8 and Foxp3
in SCC and BCC
As shown in Fig. 1, CD8 positive T cells and Foxp3 pos-

Fig. 1. Immunohistochemical staining of
CD8 (A and C) and Foxp3 (B and
D) in squamous cell carcinoma
(SCC) (A and B) and basal cell
carcinoma (BCC) (C and D),
(A-D, x200). CD8 positive T cells
and Foxp3 positive T cells pre-
dominantly infiltrated the tumor
stroma versus the tumor epi-
thelial region in SCC and BCC.
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itive T cells predominantly infiltrated the tumor stroma ver-
sus the tumor epithelial region in SCC and BCC. This finding
was also observed in AK and BD.

The rate of high group for both T cells and CD8
positive T cells/ Foxp3 positive T cells ratio in the
advancing area of SCC and BCC, and the adjacent
stroma and tumor epithelial regions of AK and BD

As shown in Fig. 2, the rate of high group for CD8 pos-
itive T cells was 20% (4/20) in AK, 75% (15/20) in BD, 70%
(14/20) in SCC and 25% (5/20) in BCC. The rate of high
group for Foxp3 positive T cells was observed in 5% (1/19)
of AK, 60% (12/20) of BD, 80% (16/20) of SCC and 20%
(4/20) of BCC. Therefore, BD and SCC showed significantly
high infiltration of CD8 positive T cells and Foxp3 positive
T cells compared to AK and BCC (p<0.05). The rate of high
group for the ratio was found in 55% (11/20) of AK, 20%
(4/20) of BD, 40% (8/20) of SCC and 55% (11/20) of BCC.
Therefore, the ratio was significantly lower in BD than in
AK and BCC (p=0.045). There was no significant difference
in the grade of infiltrating CD8 positive T cells, Foxp3 pos-
itive T cells and the ratio between BD and SCC. Therefore,
BD and SCC were combined into one, and then both T cells
and the ratio were compared to those of AK and BCC. In
the combined group, the rate of high group was 73% (29/40)
for CD8 positive T cells, 70% (28/40) for Foxp3 positive T
cells and 30% (12/40) for the ratio. Both T cells infiltration
were significantly higher in the combined group than in AK
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. The rate of high group for CD8 positive T cells, Foxp3
positive T cells and CD8 positive T cells/ Foxp3 positive
T cells ratio in actinic keratosis (AK), Bowen's disease
(BD) and the advancing area of squamous cell carcinoma
(SCC) and basal cell carcinoma (BCC). The rate of high
group for both T cells was significantly higher in BD
and SCC than in AK and BCC (an asterisk, p<0.05), and
that for the ratio was higher in AK and BCC than in
BD (two asterisks, p=0.045). Tregs, regulatory T cells.

and BCC (p<0.05), and the ratio was lower in the combined
group compared to AK and BCC with no statistical

significance.

The rate of high group for both T cells and CD8
positive T cells/ Foxp3 positive T cells ratio in the
central area of SCC and BCC

As shown in Fig. 3, the rate of high group for CD8 pos-
itive T cells was observed in 25% (5/20) of SCC and 0%
(0/20) of BCC. The rate of high group for Foxp3 positive
T cells was 40% (8/20) in SCC and 5% (1/20) in BCC.
Therefore, SCC showed significantly high infiltration of CD8
positive T cells and Foxp3 positive T cells compared to BCC
(p<0.05). The rate of high group for the ratio was observed
in 15% (3/20) of SCC and 30% (6/20) of BCC. The ratio was
high in BCC compared to SCC with no statistical significance.

Comparison of both T cells and CD8 positive T
cells/ Foxp3 positive T cells ratio between the cen-
tral area and the advancing area in SCC and BCC

As shown in Fig. 4, in SCC, the rate of high group for
CD8 positive T cells was 70% (14/20) in the advancing area
and 25% (5/20) in the central area, and that for Foxp3 pos-
itive T cells in SCC was 80% (16/20) in the advancing area
and 40% (8/20) in the central area. Therefore, both T cell
in SCC showed significantly higher infiltration in the ad-
vancing area than in the central area (p<0.05). In BCC, the
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Fig. 3. The rate of high group for CD8 positive T cells, Foxp3

positive T cells and CD8 positive T cells/ Foxp3 positive
T cells ratio in the central area of squamous cell carcino-
ma (SCC) and basal cell carcinoma (BCC). The rate of
high group for both T cells was higher in SCC than in
BCC (p<0.05). The ratio was high in BCC compared to
SCC with no statistical significance. Tregs, regulatory T
cells.
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Fig. 4. The rate of high group for CD8 positive T cells, Foxp3
positive T cells and CD8 positive T cells/ Foxp3 positive
T cells ratio between the advancing area and central area
in squamous cell carcinoma (SCC) and basal cell carcino-
ma (BCC). The rate of high group for both T cells in
SCC was higher in the advancing area than in the central
area (p<0.05) and that for CD8 positive T cells in BCC
was in the advancing area than in the central area
(p=0.047). There was no significant difference in the ratio
between the advancing and central area in SCC and
BCC. Tregs, regulatory T cells.

rate for high group for CD8 positive T cells was 25% (5/20)
in the advancing area and 0% (0/20) in the central area, and
that for Foxp3 positive T cells was 20% (4/20) in the advanc-
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ing area and 5% (1/20) in the central area. Therefore, CD8
positive T cells in BCC showed significantly higher infiltra-
tion in the advancing area than in the central area (p=0.047).
The rate of high group for the ratio in SCC was 40% (8/20)
in the advancing area and 15% (3/20) in the central area,
and that in BCC was 55% (11/20) in the advancing area and
30% (6/20) in the central area. There was no significant dif-
ference in the ratio between the advancing and central area
in SCC and BCC.

Clinicopathological significance of both T cells and
CD8 positive T cells/ Foxp3 positive T cells ratio in
SCC and BCC

Both T cells and the ratio in the central and advancing
area was evaluated according to gender and the differ-
entiation, depth and growth pattern of tumor in SCC and
BCC (Table 2). In SCC, the rate of high group for CD8 pos-
itive T cells in the advancing area was observed in 38% (3/8)
of tumor with infiltrative growth and 92% (11/12) of tumor
with expanding growth (p=0.018). In BCC, Any significant
difference was not found.

Discussion

Cancer shows a dynamic immune interaction between

Table 2. CD8 positive T cells, Foxp3 positive T cells and CD8 positive T cells/ Foxp3 positive T cells ratio according to clinicopatho-

logic parameters in SCC and BCC

Advancing area

Central area

Foxp3 Foxp3

Disease Variable Group No.  CD8 positiveT ositiveT Ratio  CD8 positiveT ositiveT atio
cell (%) gells (%) (%) cell (%) }zells (%) (%)

Gender Male 8 5(63) 6(75) 2(25) 2(25) 4(50) 2(25)

Female 12 9(75) 10(83) 6(50) 3(25) 4(33) 1(8)

Differentiaton Well 7 4(57) 6(86) 4(57) 3(43) 5(71) 1(14)

scC Moderate 13 10(77 10(77) 4(31) 2(15) 3(23) 2(15)
Depth <3 mm 11 8(73) 9(82) 4(36) 2(18) 3(27) 2(18)

>3 mm 9 6(67) 7(78) 4(44) 3(33) 5(56) 1(11)

Growth pattern  Infiltrative 8 3(38) 5(63) 2(25) 1(13) 3(38) 1(13)
expanding 12 11(92 11(92) 6(50) 4(33) 5(42) 2(17)

Gender Male 8 2(25) 0(0) 6(75) 0(0) 0(0) 4(50)

Female 12 3(25) 4(33) 5(42) 0(0) 1(8) 2(17)

BCC Depth <3 mm 10 3(30) 3(30) 5(50) 0(0) 0(0) 2(20)
>3 mm 10 2(20) 1(10) 6(60) 0(0) 1(10) 4(40)

Growth pattern  Infiltrative 11 3(27) 3(27) 7(64) 0(0) 1(9) 4(36)
expanding 9 2(22) 1(11) 49(44) 0(0) 0(0) 2(22)

SCC, squamous cell carcinoma; BCC, basal cell carcinoma.
*p=0.018.
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contrary immune reactions driving tumor growth and tumor
suppression. Cancer immunoediting is the conceptual basis
for this dual opposing function of immune response against
tumor, and its process consists of elimination, equilibrium
and escape [7]. Immunosurveillance networks eradicate tu-
mor cells during the elimination phase. Less immunogenic
tumor cells emerge and are selected for growth during the
equilibrium phase. They progressively grow and make de-
tectable mass through immune evasion during the escape
phase. Treg cells suppress the function of CD8 positive T
cells through causing apoptosis and releasing inhibitory cy-
tokines [6, 22, 24]. This finding is consistent with several
clinical studies reporting that the interplay of T cell subsets
has been a valuable factor in predicting disease outcome [19,
20, 26]. A previous study showed that the CD8 positive T
cells/ Foxp3 positive T cells ratio was significantly lower
in transplant associated SCC than in the SCC of im-
munocompetent patients, suggesting that the ratio may
show the level of immunosurveillance against tumors [27].
In the current study, the number of both CD8 positive T
cells and Foxp3 positive T cells was significantly increased
in BD and SCC compared to AK, and the ratio was sig-
nificantly lower in BD than in AK. There was no significant
difference in both T cells and the ratio between BD and SCC.
Although we did not examine these in normal skin, a pre-
vious study showed that the number of Foxp3 positive T
cells was higher in AK than in normal skin tissue [25]. Taken
together, the immune evasion phase begins in AK and wor-
sens in BD and SCC. Our study did not show any difference
in the degree of immune evasion between BD and SCC. A
recent study analyzing immune phenotype in the SCC and
BD of immunocompetent patients reported that SCC showed
less infiltration of CD8 positive T cells and higher CD4 pos-
itive T cell/CD8+ T cell ratio than BD [9]. This finding sug-
gests that the level of immune evasion is higher in SCC than
in BD and further study for CD4 positive T cell sub-
population is necessary.

In the present study, the infiltration of both T cells was
more decreased in BCC than in BD and SCC. Previous stud-
ies showing that MHC class I expression and CD8 positive
T cell infiltration were significantly lower in BCC than in
SCC support our current result about the numerical differ-
ence of infiltrating CD8 positive T cells among BCC, BD and
SCC [3, 23]. Tregs infiltration was previously observed in
BCC and SCC [12, 15]. In those studies, the authors found
that Tregs infiltration was associated with the TH2 dominant

microenvironment. These findings confirm a previous report
that IL-10 produced in the tumor cells of BCC and SCC may
generate a tumor microenvironment for escaping from the
local T cell-mediated anti-tumor response, and support the
fact that IL-10 is related to the development of Tregs [14,
18]. In addition, CCL22, chemokine responsible for the che-
motaxis of Tregs, was reported to be increased in BCC [12].
However, a previous study showed that Tregs infiltration
in SCC did not express CCR4 and suggested that another
addressin was necessary for the recruitment of Tregs [5].
Upregulation of cytokines and chemokines responsible for
the induction and chemotaxis of Tregs may be the reason
for the higher proportion of Tregs in SCC than in BCC.
Additionally, our study showed that the CD8 positive T
cells/ Foxp3 positive T cells ratio was higher in BCC than
in BD, suggesting that the level of immune evasion may be
lower in BCC than in BD. Overall, cutaneous squamous cell
tumors and BCC show a different immune environment.

The current study showed that the degree of infiltrating
both T cells differed between the advancing and central area
in SCC and BCC and the ratio was low in the tumor center
without statistical significance. Our previous study about the
distribution of both T cells in colorectal cancer also showed
similar results [11]. It thus appears that tumor compartments
show a different immune environment. Further study about
mechanical interactions among various cells in the tumor
microenvironment of skin tumors may explain these find-
ings, however, this is beyond the scope of our study at this
time. In the current study, CD8 positive T cells more fre-
quently infiltrated in expanding SCC compared to in-
filtrative SCC in the advancing area. This finding can be ex-
plained by the previous study suggesting that infiltrating
lymphocytes around tumor cells in the invasive front of col-
orectal cancer were involved in the loss of tumor budding
by causing the apoptosis of budding tumor cells [28].

In summary, BD and SCC showed significantly increased
number of both CD8 positive T cells and Foxp3 positive T
cells in the advancing area compared to AK and BCC, and
BD revealed significantly lower CD8 positive T cells / Foxp3
positive T cells ratio in that area than AK and BCC. Any
significant difference was not found in both T cells and the
ratio between BD and SCC. The degree of both T cells in-
filtration differed between the advancing and central area
in SCC and BCC. Taken together, an immune microenviron-
ment differs between skin squamous cell tumors and BCC

and among tumor compartments.
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