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Summary

We focused on the interaction of cytokines in squamous cell carcinoma (SCC), and
determined the expression profile of multiple cytokines in the serum of each patient with
SCC in the present study. Serum samples were obtained from 12 SCC patients and 7 normal
subjects. Four cytokines (IFN-γ, IL-6, GM-CSF, and TGF-β) were selected because they are
reported to be involved in keratinocyte proliferation and SCC progression. Serum levels
were measured using ELISA. We found a statistically significant increase of serum IFN-γ
levels in SCC patients compared to those in normal subjects, and areas under the curve
(AUC) of 0.82 for the serum levels of IFN-γ were higher than those for other cytokine levels
according to ROC curve analysis. Patients with increased IFN-γ levels had a significantly
more severe cancer stage. Furthermore, the combination of IFN-γ levels and TGF-β levels
could improve the AUC to 0.84. We also found there was a significant correlation between
IFN-γ levels and GM-CSF levels or between GM-CSF levels and TGF-β levels only in SCC
patients. Our results suggest that the combination of IFN-γ levels and TGF-β levels is more
effective to diagnose SCC, while serum levels of IFN-γ alone are useful to evaluate tumor
progression. Furthermore, expression of these cytokines was not independent, but may be
regulated by common upstream factors (e.g. cytokines or methylation) in SCC patients, and
such factors may play some roles in the pathogenesis of SCC.
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1. Introduction
Squamous cell carcinoma (SCC) is one of the most
frequent skin neoplasms. Compared to SCC seen in
many other organs including esophagus, lungs and
urinary bladder, cutaneous SCC is characterized by its
strong correlation with cumulative ultraviolet exposure.
Most cutaneous SCCs are usually low risk and treatable,
but they have potential to recur and metastasize when
they progress. To date, SCC antigen (SCC-Ag), tumor
antigen that was originally purified from SCC, is the only
reliable serum marker to diagnose SCC or to monitor the
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progress of the tumor. However, SCC-Ag has a drawback
that the serum levels usually remain within normal limits
at their early stage whereas they start to elevate only at
the late stage (1). Therefore, it is mandatory to develop
novel diagnostic methods for early detection and new
therapeutic strategies. However, the pathogenesis of this
malignant tumor is still to be clarified.
At present, several cytokines such as IFN-γ, IL-6,
GM-CSF, and TGF-β have been reported to be involved
in keratinocyte proliferation of the skin, and in the
pathogenesis of SCC (2-6). In this study, we focused on
the interaction of cytokines, and showed the expression
profile of multiple cytokines in the serum of each patient
with SCC.
2. Materials and Methods
2.1. Clinical assessment and patient material
Serum samples were obtained from 12 SCC patients (6
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Table 1. Clinical and laboratory features of 12 patients with SCC
Age
70
91
83
85
89
73
71
83
77
75
79
64

Gender

Location

Diameter
(cm)

Stage

SCC antigen
(ng/mL)

IFN-γ
(pg/mL)

IL-6
(pg/mL)

GM-CSF
(pg/mL)

TGF-β
(ng/mL)

IFN-γ +
TGF-β

M
F
F
F
M
F
M
M
M
M
F
F

face
face
lip
nose
lip
jaw
lip
lip
face
face
lip
head

0.5
0.7
1.5
1.5
1.5
2.9
4.5
2.0
2.5
5.0
2.0
8.0

0
0
I
I
I
II
II
II
II
III
III
III

1.0
1.0
1.1
0.8
2.2
1.9
1.6
1.0
1.4
2.0
3.2
0.5

20.5
16.6
21.0
24.9
25.8
45.0
52.5
125.9
35.9
48.5
8.3
8.7

59.0
59.0
73.7
125.1
110.5
176.4
165.4
172.7
70.1
70.1
95.8
143.5

19.6
21.0
25.3
26.8
14.3
24.4
27.2
84.1
26.8
32.5
29.2
24.4

1.6
2.1
2.4
2.5
2.0
1.9
2.6
2.8
2.3
2.1
2.3
2.4

22.1
18.7
23.4
27.4
27.8
46.9
55.1
128.7
38.2
50.6
10.6
11.1

M, male; F, female; SCC, squamous cell carcinoma; IFN-γ, interferon-γ; IL-6, interleukin-6; GM-CSF, granulocyte macrophage colonystimulating factor; TGF-β, transforming growth factor-β.

males and 6 females; age range, 64-91 years) (Table 1).
Control serum samples were obtained from 7 normal
subjects with seborrheic keratosis. Institutional review
board approval and written informed consent were
obtained according to the Declaration of Helsinki.
2.2. Statistical analysis
Statistical analysis was carried out with MannWhitney's U test for the comparison of medians,
and Fisher's exact probability test for the analysis of
frequency. Correlations were assessed using Pearson's
correlation coefficient. p values less than 0.05 were
considered significant.
3. Results and Discussion
First, we measured the serum concentrations of multiple
cytokines by ELISA to determine a cytokine profile for
SCC sera. Four cytokines were selected because they
are reported to be involved in keratinocyte proliferation
of the skin, and in the pathogenesis of SCC (2-6). As
a result, we found a statistically significant increase of
the serum IFN-γ levels in SCC patients compared to
normal subjects (Figure 1a). On the other hand, there
was no significant difference in levels of the other
cytokines between SCC patients and normal subjects
(Figures 1b-1d).
Next, we performed receiver operating characteristic
(ROC) curve analysis to evaluate the usefulness of the
concentration of each cytokine for diagnosis of SCC.
The areas under the curve (AUC) of 0.82 (95% CI,
0.61 to 1.03) for serum levels of IFN-γ (Figure 2a) was
higher than those for other cytokine levels (Figures 2b2d), indicating that serum IFN-γ might serve as a more
useful biomarker for differentiating SCC patients and
normal subjects than other cytokines. Furthermore,
the combination of IFN-γ levels and TGF-β levels
could improve the AUC to 0.84, suggesting that the
combination is more effective to diagnose SCC.

Figure 1. The concentrations of four cytokines (IFN-γ, IL6, GM-CSF, and TGF-β) measured by ELISA using sera
of normal subjects (NS) and SCC patients are shown on
the ordinate. Bars show means. * p < 0.05.

Also, we examined the correlation among the
levels of four cytokines. We could not find significant
correlation among them in normal subjects, but there
was mild and significant correlation between IFN-γ
and GM-CSF (r = 0.89, p < 0.01) or between GM-CSF
and TGF-β (r = 0.64, p = 0.03) in SCC patients (Figure
3). Therefore, expression of these cytokines was not
independent in the sera of SCC patients.
When the cut-off value was set at mean + 6SD of
normal subjects (= 30.4 pg/mL), serum IFN-γ levels
were increased in 5 of 12 SCC patients. Patients with
increased IFN-γ levels tended to have a significantly
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Figure 2. Receiver operating characteristic (ROC) curve for serum levels of indicated cytokines to distinguish SCC
patients from normal subjects. AUC, areas under curves: SE, standard error: CI, confidence interval.

more severe cancer stage (II and III) than those with
normal levels (100% vs. 28%, p < 0.05, Table 2).
Serum SCC-Ag was increased (> 1.5 ng/mL) in 1 of
the 3 stage I patients, 2 of the 4 stage II patents, and 2
of the 3 stage IV patients (Table 1). Of note, increased
serum IFN-γ levels were seen in all of the 4 stage II
patients and 1 of the 3 stage IV patients. These results
suggest that serum IFN-γ levels serve as a biomarker of
tumor progression from early to middle stage, reflecting
its contribution to tumor growth of SCC.
On the other hand, patients with increased IFN-γ
levels also had increased levels of IFN-γ and TGF-β
combination (> mean + 6SD, see Table 1), and
analysis of correlation of the combination with clinical
manifestations showed the same result as Table 2.

Thus, the clinical significance of IFN-γ and TGF-β
combination to evaluate tumor progression seems to be
similar to that of IFN-γ alone in SCC patients.
In this study, we presented two novel findings: first,
we found a statistically significant increase of serum
IFN-γ levels in SCC patients compared to those in
normal subjects. Patients with increased IFN-γ levels
had a significantly more severe cancer stage. IFN-γ
levels tended to be increased around stage II in SCC
patients. Furthermore, the AUC of the combination of
IFN-γ levels and TGF-β levels was higher than that of
IFN-γ alone according to ROC curve analysis. Given
that patients with increased levels of IFN-γ also showed
increased levels of IFN-γ and TGF-β combination, our
results suggest that the combination of IFN-γ levels and
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Figure 3. Correlation among the levels of four cytokines (IFN-γ, IL-6, GM-CSF and TGF-β) in each individual of normal
subjects (NS) and SCC patients. Correlations were assessed by Pearson's correlation coefficient.

TGF-β levels is more effective to diagnose SCC, while
serum levels of IFN-γ alone is sufficient to evaluate
tumor progression from early to middle stage.
Second, we found there was significant correlation
between IFN-γ levels and GM-CSF levels or between

GM-CSF levels and TGF-β levels only in SCC
patients. Therefore, expression of these cytokines was
not independent, but regulated by common upstream
factors (e.g. cytokines or methylation) in SCC patients,
and such factors may play some roles in pathogenesis
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Table 2. The association of serum IFN-γ levels with clinical and serological features of patients with SCC
Items

Patients with normal
Interferon-γ levels (n = 7)

Patients with increased
Interferon-γ levels (n = 5)

80.14
2:5

75.80
1:4

2.89
28.57

3.38
100*

1.40

1.58

Age at the time of serum sampling (mean years)
Gender (M:F)
Clinical features
Mean diameter (cm)
     % of patients with stage II/III
Laboratory features
     SCC antigen (ng/mL)

* p < 0.05 versus patients with normal IFN-γ levels using Fisher's exact probability test.

of SCC. Further studies are also needed to determine
whether the upstream factors are the key molecules in
SCC.
This is the first report focusing on the interaction of
multiple cytokines, and demonstrating their expression
profile in each patient with SCC. We suggest the
possibility that the balance among multiple cytokines
contribute to the pathogenesis of SCC, and indicate
its clinical significance. This is a pilot study with a
small number of patients. Although we could not find
statistically significant correlation between cytokine
levels and specific features of SCC (e.g. location or
diameter), this may be because of the small patient
number. Lager studies are needed in the future. Clarifying
the involvement of the cytokine network in pathogenesis
of SCC may lead to development of new diagnostic tools
or new therapeutic strategies, and may contribute to the
understanding of the mechanism of SCC.
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