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Abstract
BACKGROUND: Nasopharyngeal carcinoma (NPC) is a carcinoma originating from the surface epithelium of the 
nasopharynx with the highest incidence in China and South East Asia. Currently, many researchers are developing 
tumor microenvironment which can be assessed by tumor-infiltrating lymphochyte, and its association with treatment 
response in several tumors, including NPC. Foxp3, known as a regulatory T cell (Treg) marker, plays a role in the 
immunoregulatory environment of tumor cells and can be used as a prognostic factor. The relationship between 
Foxp3 expression and treatment response is considered as one of the factors affecting the prognosis of NPC.

AIM: This study aims to determine the relationship between Foxp3 expression and treatment response in NPC.

MATERIALS AND METHODS: A cross-sectional study was done to analyze the association between Foxp3 and 
treatment response in NPC. This study included 60 samples who were diagnosed with non-keratinizing NPC at the 
Department of Anatomical Pathology, Faculty of Medicine Universitas Indonesia/Cipto Mangunkusumo Hospital from 
January 2018 until December 2020. Immunohistochemistry was done to evaluate the expression of Foxp3. Foxp3 
expression was evaluated in the intratumoral and peritumoral areas.

RESULTS: Among 60 patients, the number of males were more than females (66.7%, 33.3%, respectively) with 
a ratio of 2:1. There was statistically significant difference between intratumoral and total Foxp3 expression and 
treatment response (p < 0.05, p = 0.001, respectively); however, no significant differences found between peritumoral 
Foxp3 expression and treatment response (p = 0.114).

CONCLUSION: Foxp3 expression had a statistically significant relationship with response therapy after chemoradiation.
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Introduction

Nasopharyngeal carcinoma (NPC) is a 
carcinoma originating from the surface epithelium of 
the nasopharynx with the highest incidence in China 
and South East Asia. The incidence of NPC varies 
according to geography. The highest incidence rate in 
the world is in Southeast China, which is 40–50 cases 
of nasopharyngeal cancer among 100.000 people, 
but it is very rare in Europe and North America with 
an incidence of around 1/100.000 population. NPC is 
still a health problem in Indonesia and it is the 4th most 
common malignancy after breast cancer, cervical 
cancer, and lung cancer [1], [2], [3], [4], [5].

The prognosis of NPC is reported to be poor 
related to the less than optimal management of NPC 
because in general (60–95%) patients are treated at 
an advanced stage. The management of NPC refers to 
the National Guidelines for Handling Nasopharyngeal 
Cancer Medicine which includes a combination of 
chemotherapy and radiotherapy. Chemoresistance and 
recurrence to radiotherapy after 5 years are reported to 
reach 19–56% [5].

Various therapeutic responses to NPC make 
molecular research develop further and advanced. 
One of these molecular mechanisms is tumor 
microenvironment (TME) which can be assessed 
through lymphocyte infiltration around tumor cells/
tumor-infiltrating lymphocyte (TIL). Currently, TIL 
assessment is one of the strategies for the development 
of therapy through immunotherapy [6], [7].

Several studies have stated that TIL as 
a prognostic factor in NPC still shows varying 
results [7], [8]. TIL reflects the host’s immune response 
to tumor cells. TIL as one of the TMEs consists of 
cytotoxic CD8 T lymphocytes, CD4.

Helper cells and Tregulators (Treg). Forkhead 
box protein P3 (Foxp3) is a specific Treg marker that 
plays a role in immunosuppression of the immune 
response to eliminate tumor cells [8], [9].

Foxp3 which regulates the development 
and function of Treg cells is currently known as the 
best marker for Tregs [10]. Tregs are against tumors 
through the inactivation of CD8 and CD4 T cells [11]. 
The relationship between Foxp3 expression and the 
response to NPC therapy can be considered as one 
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of the factors that influence the prognosis as in a 
study conducted by Zhang et al. [9] It is known that 
CD8 lymphocyte cells are the most sensitive cells to 
radiation-induced apoptosis, whereas Treg cells are 
more resistant to radiation so that it has an impact on 
the microtumor environment that affects the response 
to therapy [12]. This study aims to determine the 
relationship between Foxp3 expression and treatment 
response in NPC.

Materials and Methods

This study is an observational analytic with a 
cross-sectional design. The study was conducted at 
the Department of Anatomical Pathology, Faculty of 
Medicine, Universitas Indonesia/Cipto Mangunkusumo 
Hospital. This study has passed ethical clearance 
from the Faculty of Medicine, Universitas Indonesia 
ethical committee. The study recruited 60 patients who 
were diagnosed and received chemoradiation therapy 
for NPC during the period between January 2018 to 
December 2020. Patients with stage II-IV who have 
complete clinical data and have been declared to have 
completed a series of therapy, both chemotherapy 
and/or external radiation, and have been evaluated 
for post-chemoradiation therapy by radiological 
examinations (magnetic resonance imaging or 
computed tomography scan of the nasopharynx) within 
a period of 8–12 weeks after therapy.

The evaluation of post-chemoradiation therapy 
response using RECIST which is divided into four types 
of response: complete response (CR), partial response 
(PR), progressive response (PD), and stable disease 
(SD). Patients with CR and PR were included in the 
response group, while patients with PD and SD were 
included in the unresponsive group.

The examination was performed by the same 
pathologist. Five micron-sized sections taken from the 
selected blocks were placed onto slide coated by poly 
L lysine and then heated on a hot plate at 55–80°C. 
Deparaffinized using xylol and rehydration with serial 
alcohol.

Then followed by heat-induced antigen 
retrieval using 0.1M NaOH citrate buffer (pH 7.0) in an 
autoclave at 121°C for 20 min, then the preparation was 
washed with deionized water for 5  min. Endogenous 
peroxidase was blocked by using hydrogen peroxide 
in 3% methanol for 30 min at room temperature. After 
that, it was washed with Tris Buffer Citrate (TBS) for 
5  min, followed by blocking nonspecific protein with 
Background Sniper Universal for 15  min, and then 
washed again with TBS. After the blocking process, the 
preparations were incubated with the primary mouse 
monoclonal antibody Foxp3 (236A/E7, ab20034 Abcam) 
with a dilution of 1:200 and stained. It was evaluated 

under light microscopy on well-stained areas. The 
tumor and stroma areas were well-stained with a 200× 
magnification. Furthermore, calculations were carried 
out with the QuPath® application and assessed the 
percentage of Foxp3 expression in 5–10 visual fields in 
the intratumoral and peritumoral areas. Foxp3 positivity 
staining is seen in the nucleus.

Two groups were formed depending on the 
number of cells stained that is <20% and >20%. Low 
TILs if intratumoral and peritumoral stained lymphocyte 
cells were <20%, while high TILs if intratumoral and 
peritumoral stained lymphocyte cells were >20%. The 
immunohistochemical scoring system used was the 
one used by the Petersen et al. and Kara et al. [1], [7].

The percentage of intratumoral Foxp3 was 
obtained from the comparison between the number of 
lymphocyte cells stained positively with Foxp3 divided 
by the total number of total lymphocyte cells (stained 
and unstained) intratumoral, while the percentage of 
peritumoral Foxp3 was obtained from the comparison 
between the number of lymphocyte cells stained 
positively with Foxp3 divided by peritumoral total 
lymphocyte count. The total Foxp3 expression was the 
average of total accumulation intratumoral Foxp3 and 
peritumoral Foxp3.

Data were collected and then analyzed using 
the SPSS 20.0 statistical application. Statistical test 
using cross tab table, then used statistical analysis 
using Chi-square test. The results were stated to 
be statistically significant if the p < 0.05 with a 95% 
confidence interval.
Table 1: Patient characteristics
Variable Frequency (n) Percentage
Gender

Male 40 66.7
Female 20 33.3

Age group
10–19 years old 2 3.3
20–29 years old 5 8.3
30–39 years old 9 15
40–49 years old 18 30
50–59 years old 15 25
>60 years old 11 18.3

Stage
Stage II 1 1.7
Stage III 19 31.7
Stage IVA 13 21.7
Stage IVB 20 33.3
Stage IVC 7 11.7

Results

In this study, there were 60 cases with paraffin 
block and complete clinical data and met the inclusion 
criteria. A  total of 40  cases (66.7%) were male and 
20 cases (33.3%) were female with a ratio of 2:1. The 
age range of most cases was at the age of 40–49 years, 
with the youngest age being 11 years old and the oldest 
being 71 years old. The most cases were diagnosed at 
clinical stage IVB 20 cases (33.3%) (Table 1).

https://oamjms.eu/index.php/mjms/index
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Table 4 shows demographic data in the form 
of gender, age group and clinical stage and Foxp3 
expression. There was no statistically significant 
relationship between gender, age group, and clinical 
stage.

Table 4: Foxp3 expression with patients characteristics
Variable Foxp3 expression 

intratumoral
Foxp3 expression 
peritumoral

Foxp3 expression 
total

Low High p Low High P Low High p
Gender

Male 20 20 1.000 25 15 0.576 22 18 1.000
Female 10 10 11 9 11 9

Age group
10–19 years old 1 1 0.854 0 2 0.576 1 1 0.812
20–29 years old 2 3 4 1 3 2
30–39 years old 5 4 4 5 6 3
40–49 years old 11 7 13 5 11 7
50–59 years old 7 8 9 6 8 7
>60 years old 4 7 6 5 4 7

Stage
II 1 0 0.646 1 0 0.735 1 0 0.812
III 9 10 8 11 9 9
IVA 7 6 9 4 8 8
IVB 11 9 15 5 12 12
IVC 2 5 3 4 3 3

Foxp3 expression data with histopathological 
characteristics are listed in Table  5. Characteristics of 
differentiation, growth pattern, and lymphovascular 
invasion did not show a statistically significant relationship. 
There is a significant relationship between lymphocyte 
infiltration characteristics and Foxp3 expression. 
Intratumoral and peritumoral lymphocyte infiltration was 
found to be directly proportional to Foxp3 expression. Mild 
lymphocytic infiltration, both intratumoral and peritumoral, 
was found to be more in the group with low Foxp3, on 
the contrary, the amount of lymphocyte infiltration was 
significantly higher in the group with high Foxp3.

Table  5: Expression of Foxp3 with histopathological 
characteristics
Variable Foxp3 expression 

intratumoral
Foxp3 expression 
peritumoral

Foxp3 expression 
total

Low High p Low High p Low High p
Differentiation

Differentiated 6 4 0.488 6 4 1.000 7 3 0.296
Undifferentiated 24 26 30 20 26 24

Growth Pattern
Solid 14 9 0.184 16 7 0.233 16 7 0.074
Infiltrative 16 21 20 17 17 20

Intratumoral lymphocyte 
infiltration

Mild 23 4 0.000 22 5 0.002 23 4 0.000
Moderate 6 21 11 16 7 20
Severe 1 5 3 3 3 3

Peritumoral lymphocyte 
infiltration

Mild 15 1 0.000 14 2 0.009 15 1 0.000
Moderate 11 23 18 16 14 20
Severe 4 6 4 6 4 6

Lymphovascular invasion
No invasion 28 29 0.554 33 24 0.147 30 27 0.108
Invasion 2 1 3 0 3 0

Table 6 shows the association of 
histopathological characteristics with the therapy 
response. There was a significant relationship between 
growth pattern (p = 0.001) and intratumoral lymphocyte 
infiltration (p = 0.004) with therapy response. There 
was no significant relationship between differentiation, 
peritumoral lymphocyte infiltration, and lymphovascular 
invasion with therapy response. Infiltrative tumor 
growth patterns (25  cases) were more common in 
the unresponsive group, while solid growth patterns 

Histopathological characteristics assessed were 
differentiation, growth pattern, intratumoral and peritumoral 
lymphocyte infiltration, and lymphovascular invasion. 
Foxp3 staining using a positive immunohistochemical 
method stained with brown in the nucleus of lymphocyte 
cells (Figure  1). The distribution of histopathological 
characteristics in this study can be seen in Table 2.

Figure 1: Foxp3 staining. Foxp3 immunohistochemical stains were 
stained in the nucleus of intratumoral and peritumoral lymphocytes. 
(a and b 200× objective magnification; c and d 400× objective 
magnification)

dc

ba

Table  3 shows the relationship between 
Foxp3 expression in non-keratinizing NPC and post-
chemoradiation therapy response.
Table 2: Histopathological characteristics
Variable Frequency (n) Percentage
Differentiation

Differentiated 10 16.7
Undifferentiated 50 83.3

Growth pattern
Solid 23 38.3
Infiltrative 37 61.7

Intratumoral lymphocyte
Mild 27 45

Infiltration
Moderate 27 45
Severe 6 10

Peritumoral lymphocyte
Mild 16 26.7

Infiltration
Moderate 34 56.7
Severe 10 16.6

Lymphovascular invasion
No invasion 57 95
Invasion 3 5

There was a significant difference between intratumoral 
Foxp3 expression and total Foxp3 expression on 
response to therapy with p = 0.01 and 0.001, respectively. 
There was no significant difference between peritumoral 
Foxp3 expression and therapy response in this study.
Table  3: Foxp3 expression with post‑chemoradiation therapy 
response
Variable Therapy response p

Response No response
Foxp3 expression (intratumoral)
Low 20 10 0.01
High 10 20
Foxp3 expression (peritumoral)
Low 21 15 0.114
High 9 15
Foxp3 expression (total)
Low 23 10 0.001
High 7 20
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(18 cases) were more common in the chemoradiation 
response group. Intratumoral lymphocyte infiltration 
gave significant results in the presence of moderate 
lymphocyte infiltration which was more commonly 
found in the unresponsive group, and mild lymphocyte 
infiltration which was more commonly found in the 
response group.

Discussion

NPC has been known since 1845 but until 
now this disease is still a problem and it is the most 
common primary tumor in men in Indonesia. Various 
factors ranging from clinical to histopathological are 
used as predictive factors for therapy in NPC. Foxp3 
immunohistochemistry was performed as a marker to 
see the presence of Treg lymphocyte cells in the tumor 
environment in NPC, especially the non-keratinized 
type. Foxp3 is known to inhibit the activity of CD4 and 
CD8 which play a role in eliminating tumor cells.

Demographic data from various literatures 
state that NPC is found more in old age and in male 
sex. The same situation was also found in this study. 
The age range was mostly found in the 40–49 year age 
group with a mean age of 45 years and the percentage 
of men was 72.2% compared to 27.8% for women.

One of the causes of delays in establishing 
the diagnosis and treatment of NPC is patients who 
are late for treatment, thus delaying the diagnosis. The 
results of clinical data, it was found that as many as 
20  cases (33.3%) came already diagnosed at stage 
IVB. This situation caused a significant decrease in life 
expectancy. In the study of Kara et al. [7] it was stated that 
the cause of patients being late for treatment was due 
to the variety of symptoms and usually asymptomatic 
at an early stage. Although patients with early stages 
have a good response to chemoradiation, recurrence 
and metastases can also be found at an early stage 

with a prevalence of 6–11% and metastases were often 
found in the bone, lung, liver, and lymph nodes [7]. In 
this study, there were seven patients with metastases 
(11.7%) and the most common were bone metastases.

An assessment has been made on preparations 
using Foxp3 associated with chemoradiation response. 
There were significant differences in Foxp3 expression 
in the response group compared to the unresponsive 
group. Among the unresponsive group of cases, 4 of 
them showed distant (bone) metastases. It has been 
reported in several studies that increased Foxp3 
expression is associated with poor prognosis. In this 
study, the expression of intratumoral Foxp3 ranged 
from 3.2% to 40.8% and peritumoral Foxp3 ranged 
from 2.6% to 26.6%.

In a study conducted by Lau et al. [22] it was 
found that an increase in CD4, CD25, and Foxp3 in 
the blood in 57  patients with NPC compared to the 
control group and obtained as many as 5 patients had 
an increase in Foxp3 in their tumor tissue. Although 
the patient group and the control group had almost the 
same CD8 and CD4 counts, this study found a tendency 
to decrease the number of CD4 and CD8  cells. The 
increase in the number of Foxp3 is one of the causes 
of the decrease in the number of CD4 and CD8 so that 
the role of CD4 and CD8 to eliminate tumor cells is 
reduced. The increase in Foxp3 expression in this study 
was also not associated with stage, tumor size, lymph 
node metastases, and distant metastases. In a study 
conducted by Zang et al. [9] it was found that Foxp3 
can be used as a prognostic factor in NPC patients, 
especially in advanced-stage patients, but there was no 
relationship between Foxp3 and tumor size.

Yoshioka et al. [23] on esophageal SCC 
patients showed that the life expectancy of patients 
with low Foxp3 expression was better than patients 
with high Foxp3 expression. Research Weller et al. [24] 
reported that low life expectancy in patients with 
carcinoma of the larynx, hypopharynx, and oropharynx 
was found in patients with high expression of Foxp3 
and Cox-2. In another study, Sun et al. [25] found an 
association between increased Foxp3 with tumor stage 
and lymph node metastases in patients with head and 
neck carcinoma (oral cavity, nasopharynx, oropharynx, 
hypopharynx, and larynx). In addition, the study of Sun 
et al. [25] also reported an increase in Foxp3 associated 
with tumor progression.

In this study, there was no significant relationship 
between peritumoral Foxp3 expression and response 
to therapy. Similar results were obtained in Kara et 
al. [7] study of 60 NPC patients who had undergone 
chemoradiation. A  total of 28  patients who responded 
to chemoradiation showed low peritumoral Foxp3 
expression, but in the unresponsive group, three patients 
with low peritumoral Foxp3 expression were also found.

A significant relationship was found between 
intratumoral Foxp3 expression and response to therapy 

Table 6: Histopathological characteristics with therapy 
response
Variable Therapy response p

Response No response
Differentiation

Differentiated 5 5 1.000
Undifferentiated 35 25

Growth pattern
Solid 18 5 0.001
Infiltrative 12 25

Intratumoral lymphocyte
Mild 19 8 0.004

Infiltration
Moderate 6 21
Severe 5 1

Peritumoral lymphocyte
Mild 8 8 0.097

Infiltration
Moderate 14 20
Severe 8 2

Lymphovascular invasion
No invasion 29 28 0.554
Invasion 1 2

https://oamjms.eu/index.php/mjms/index
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(p = 0.01). High Foxp3 expression was found more 
in the unresponsive group (20  cases) and ten cases 
in the response group. In addition, this study showed 
significant results between total Foxp3 expression and 
response to therapy. There were 23 cases in the low 
Foxp3 expressing response group and seven cases 
in the high Foxp3 expression group. From these data, 
it was found that in the unresponsive group, Foxp3 
expression was found to be higher than the response 
group. Almangush et al. [26] reported that intratumoral 
TIL was associated with overall survival (OS) and 
disease-specific survival. Although intratumoral and 
peritumoral TIL were reported to have an association 
with prognosis, a significant association was found 
only in intratumoral TIL as found in the study of James 
et al. [27] in patients with ovarian carcinoma. Several 
studies also recommend conducting TIL assessments 
in NPC patients that focus on the intratumoral rather 
than peritumoral areas because of the involvement of 
the nasopharynx as an organ with a large number of 
lymphoid stromal components, which creates difficulties 
and overlaps in the assessment of peritumoral TIL. 
Why peritumoral Foxp3 expression in this study did not 
provide significant results.

The relationship between Foxp3 expression 
and histopathological characteristics was also 
assessed in this study. Tumor differentiation, growth 
pattern, and lymphovascular invasion did not show a 
statistically significant relationship. The results that did 
not show a significant relationship were partly due to 
the histomorphological of the tumor in almost all cases 
that tended to be homogeneous. Then in the latest 
WHO classification in 2016, the prognostic differences 
in histologic types are only based on keratin and non-
keratinized types. There is no prognostic difference 
in the non-keratinizing type based on the degree of 
differentiation [1].

In this study, a statistically significant 
relationship was obtained in lymphocyte infiltration with 
Foxp3 expression both intratumoral and peritumoral. 
Significant lymphocyte infiltration was followed by a 
high increase in Foxp3 expression, whereas a mild 
lymphocytic infiltration was followed by a low Foxp3 
expression. These results are in line with the results 
of research conducted by Almangush et al. [26] with 
patients in non-endemic countries with NPC and Wang 
et al. [29] with patients in NPC endemic countries. An 
increase in the ratio of Foxp3 to CD4 and CD8 was 
also obtained in the study of Tang et al. [30] in patients 
with pancreatic ductal adenocarcinoma who explained 
that tumor tissue infiltrated by lymphocytes showed 
increased Foxp3, CD4, and CD8 expression compared 
to normal pancreatic tissue as a control group. As the 
role of lymphocytes as cells that mediate inflammation 
to eliminate tumor cells and followed by an increase 
in the expression of CD4, CD8, and Foxp3 Treg cells 
in the tumor environment, the increased expression of 
CD4, CD8, and Foxp3 can be directly proportional to 

the increase in lymphocyte infiltration in the tumor area. 
The matter of homeostasis of immune and inflammatory 
responses and the percentage proportion of each cell 
in the tumor area can still be studied further. Although 
there is still debate about the role of lymphocytes 
in tumor cells, Zhang et al. [9] stated that NPC with 
tumor cells infiltrated by lymphocytes actually has a 
better prognosis. This is not in line with the hypothesis 
proposed by Gooden et al. [31]

In several other studies reported increased 
life expectancy associated with high TIL. However, the 
exact cause of TIL that affects the prognosis has not 
been fully elucidated. The presence of TIL may explain 
the mechanism of tumor cell elimination required in 
the tumor environment. Tumor progression that is 
inhibited through high TIL has also been reported, so 
that the mechanism of increasing TIL has an impact 
on the effectiveness of increasing the elimination 
activity of tumor cells which also has an impact on 
good life expectancy [29]. Wang et al. [29] reported 
that higher intratumoral and peritumoral TIL counts 
were associated with a better prognosis (OS and DFS). 
Reported in that study, intratumoral and peritumoral TIL 
were independent prognostic factors in NPC.

In this study, histopathological characteristics 
and their relationship to response to therapy were 
analyzed. Significant results were found in the 
characteristics of the tumor growth pattern and 
intratumoral lymphocyte infiltration. Infiltrative growth 
patterns were more common in the unresponsive group, 
while solid growth patterns were more common in the 
response group. NPC is known to be a highly infiltrative 
tumor type with a tendency to spread to surrounding 
soft tissue structures, causing a larger tumor area. 
In some studies, the size and volume of the primary 
tumor are important prognostic factors in the success 
of therapy. Fletcher in his research obtained data that 
tumor volume can be an indication of the number of 
tumor cells that should decrease after therapy. NPC 
patients who receive chemoradiation with large tumor 
sizes have a significant impact on increasing the risk 
of hypoxic areas so that they are resistant to radiation 
therapy [32]. Intratumoral lymphocyte infiltration in 
this study gave significant results on the response to 
therapy. Higher lymphocyte infiltration was found in the 
unresponsive group than in the response group. It has 
been described in the literature that cytotoxic CD8+ 
cells are the most sensitive subpopulation to radiation-
induced apoptosis, whereas Treg cells are more resistant 
to radiation than other lymphocyte subpopulations [12]. 
In this study, high intratumoral lymphocyte infiltration 
also expressed higher intratumoral than peritumoral 
Foxp3 expression. Foxp3 in high amounts will suppress 
the function of CD8+ and CD4+ cells so that it has a 
negative impact on the therapeutic response caused. 
Peritumoral lymphocyte infiltration in this study did 
not provide statistically significant results on the 
response to therapy and is in line with the results of 
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research conducted by Kara et al. [7] In the study 
Luo et al. [33] who analyzed normal nasopharyngeal 
tissue with tissue of NPC patients, found differences in 
immune cell profiles in normal nasopharyngeal tissue 
and NPC based on genetic expression in NPC which 
resulted in an increase in the number of macrophages 
and a decrease in CD4 cells and memory B cells that 
were associated with NPC tumorigenesis. Increased 
numbers of TIL immune cell profiles including T cells, 
macrophages, dendritic cells, and mast cells have been 
reported to provide significant prognostic value in NPC.

Apart from the anatomical factor of the 
nasopharynx which is basically an organ with many 
lymphoid aggregates so that it can give varying results, 
the exploration of genetic involvement and other 
immune cell infiltration in the area of NPC tumors needs 
to be investigated further. Another thing is that there is 
no cutoff yet standard used for TIL reporting on NPC.

Conclusion

Foxp3 expression had a statistically significant 
relationship with the response to NPC therapy.
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