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ARTICLE INFO ABSTRACT

Tumor-infiltrating FoxP3* Treg cells are crucial immune components associated with
progressivity, metastasis, and prognosis in various malignancies, but the role in nasopharyngeal
carcinoma (NPC) is not fully understood. Therefore, this study aimed to investigate the role of
infiltrating FoxP3* Treg cells in epithelial-mesenchymal transition (EMT) in NPC patients. A total
of 57 paraffin blocks from NPC patients were included in this study. The samples were then
deparaffinized, and double immunohistochemical staining was performed to examine infiltrating
Tregs that colocalize to express FoxP3* and TGF-A1. Single immunohistochemical staining was
conducted to examine NPC tumor cells that express EMT markers Snail, E-cadherin, and
vimentin. Chi-square and the Gamma correlation tests were used, with a P-value <0.05 considered
statistically significant. The results showed that most NPC samples had low expression of Foxp3*
Treg cells (59.6%), TGF-f1 (63.2%), E-cadherin (87.7%), and vimentin (75.4%), while Snail
Copyright: © 2025 Yenita et al. This is an open-  expression was high (66.7%). There was no relationship between the expression of Foxp3* Treg
access article distriouted under the terms of the and pathologic variables except with Snail (P = 0.001; Gamma correlation test, r = 0.826, P <
Creative Commons Attribution License, which  0.001). TGF-A1 expression showed no association with Snail. Meanwhile, Snail was significantly
permits unrestricted use, distribution, and reproduction  associated with vimentin (P = 0.022; Gamma correlation test, r = 0.807, P = 0.003) but not with
in any medium, provided the original author and  E-cadherin. Snail was also significantly associated with Foxp3* Treg expression (P = 0.003;
source are credited. Gamma correlation test, r = 0.826, P < 0.001). These results suggest that infiltrating Foxp3* Treg
cells contribute to partial EMT in NPC with immunosuppressive function by forming a feedback
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loop with Snail* tumor cells.
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Introduction

Nasopharyngeal carcinoma (NPC), which arises from the
nasopharyngeal epithelium, is the most prevalent head and neck
malignancy.! According to 2020 global cancer statistics, over 75% of
NPC cases occur in East and Southeast Asia, particularly in South
China.? In Southeast Asia, NPC ranks as the 10" most common cancer
overall, with an incidence in Indonesia of 10.71 per 100,000 in men and
3.03 per 100,000 in women.2 NPC has a poor prognosis due to the high
invasiveness and strong metastatic potential.* Due to the hidden
anatomical location and nonspecific symptoms, most NPC patients are
at an advanced stage during the initial diagnosis.®> The administration of
radiotherapy and chemotherapy based on tumor-node-metastasis
(TNM) cancer staging system has recently significantly improved the
prognosis of NPC patients. However, there is still a significant variation
in the prognosis of patients receiving the same therapy at the same stage.
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Some continue to experience locoregional recurrence and distant
metastasis. This suggests that the TNM system alone is insufficient to
evaluate the owverall status of NPC, guide treatment, and predict
treatment response.5® Tumor metastasis is a complex process in which
epithelial-mesenchymal transition (EMT) plays a key regulatory role.
During EMT, epithelial cells lose polarity and adhesion, acquiring
mesenchymal-like traits that promote migration and invasion.® EMT is
induced by factors such as hepatocyte growth factor (HGF), epidermal
growth factor (EGF), and transforming growth factor-g (TGF-), which
activate transcription factors like Snail, Slug, and Twist. Snail and Slug
repress E-cadherin and are related to metastasis, with Snail being a
major EMT inducer.0 1!

Recent studies have emphasized that metastasis is not only driven by
the intrinsic properties of tumor cells,*> but also tumor
microenvironment (TME), where immune cells play a major regulatory
role.”*3 Treg cells, an immunosuppressive CD4* T cell subset marked
by Forkhead box Protein P3 (FoxP3),'* are key components of tumor-
infiltrating lymphocytes (TILs) in NPC.** Foxp3* Treg cells are
associated with tumor progression and immune suppression, possibly
through TGF-A1 secretion or direct contact inhibition. Previous studies
have found that Treg cells are associated with metastasis and poor
prognosis in non-small cell lung carcinoma (NSCLC),*® as well as with
poor clinical stage and lymph node metastasis in NPC.'® Tregs also
promote hepatocellular carcinoma invasion through TGF-f1-induced
EMT.® In contrast, some studies have found that tumor-infiltrating
Treg cells are associated with better outcomes or have no impact on
prognosis in cancers, such as follicular lymphoma and squamous cell
carcinoma.'’” However, the role of FoxP3* Treg cells in TME and the

4228

© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License


https://www.tjnpr.org/
mailto:aelliyanti@med.unand.ac.id
https://doi.org/10.26538/tjnpr/v9i9.19
https://creativecommons.org/licenses/by/4.0/

Trop J Nat Prod Res, September 2025; 9(9): 4228 - 4234

association with EMT in NPC remain understudied. This study explores
the potential contribution to EMT and implications for NPC prognosis.

Materials and Methods

Samples

A total of 57 paraffin blocks from NPC patients diagnosed between
2018 and 2023 were included based on study criteria. Samples were
obtained from the archives of the Anatomical Pathology Laboratory at
Dr. M. Djamil Hospital, Padang, and the Anatomical Pathology
Diagnostic Center, Faculty of Medicine, Universitas Andalas.
Histopathological classification followed the World Health
Organization (WHO) guidelines, including keratinizing squamous cell
carcinoma (SCC), non-keratinizing SCC (differentiated and
undifferentiated subtypes), and basaloid SCC type. This study received
approval from the Research Ethics Commission of the Faculty of
Medicine, Universitas Andalas (Certificate No. 51/UN.16.2/KEP-
FK/2023).

Immunohistochemistry staining

Paraffin blocks were sectioned at 4 pum and mounted on poly-L-lysine-
coated slides. Sections were deparaffinized in xylene and rehydrated in
graded alcohol. Double immunohistochemical staining was performed
using anti-TGF-A1 (TGF beta 1 Ab-AF1027-A Affinity Biotech, 1:200)
and anti-FoxP3 (FOXP3 Ab-BF0630 Affinity Biotech, 1:100)
antibodies. Antigen retrieval was performed via microwave heating in
Tris-EDTA buffer (pH 9.0). Furthermore, endogenous peroxidase
activity was blocked with BLOXALL solution, followed by non-
specific protein blocking using 2,5% Normal Horse Serum. After
applying primary antibodies, slides were washed with phosphate buffer
and incubated with the secondary antibody ImmPRESS Duet reagent.
DAB and ImmPACT Vector Red chromogen were then applied
sequentially to visualize TGF-g1 (brown) and FoxP3 (red). Single
immunohistochemical staining for Snail, E-cadherin, and vimentin was
conducted using antibodies including anti-Snail (AF6032-A Affinity
Biotech, 1:100), anti-E-cadherin (AF0131-A Affinity Biotech, 1:100),
and anti-Vimentin V9 (347M-14 Cell Marque, 1:50). Heat epitope
retrieval was performed by microwaving in citrate buffer (pH 6.0).
Endogenous peroxidase was blocked with 3% H202and then 0.3% H202
in PBS (pH 7.4). Non-specific proteins were blocked with 2% Normal
Goat serum (NGS) in PBS (pH 7.4) at room temperature. Slides were
incubated in a humid chamber overnight at 4°C with primary
antibodies, followed by biotinylated Goat Anti-Rabbit 1gG (BA-1000-
1.5, 1:100), and Avidin-Biotin complex at room temperature. DAB was
used as the chromogen, and slides were counterstained with
hematoxylin. Microscopic evaluation was performed at 400x
magnification using an Olympus CX 33 microscope, Sony Exmor
CMOS Sensor Beta camera, Betaview Program, and ImageJ v1.49.
FoxP3 and TGF-£1 expression was assessed by examining Treg cells in
intratumoral and peritumoral areas that colocalize to express FoxP3*
(red color in the nucleus) and TGF-A1 (brown color in the cytoplasm)
using a semiquantitative score according to Kara et al., 2019 (<20% as
low expression, >20% as high expression).'® Snail expression was
assessed in representative tumor areas with > 400 cells, observed under
400x magnification. Positive staining appeared brown in the
cytoplasm/and/or nucleus. The proportion and the intensity of stained
tumor cells were determined according to Luo et al. 2012. The
expression levels of Snail were assessed using the final immunoreactive
score, which was calculated by multiplying the staining intensity scores
and the proportion of positive tumor cells. On this basis, a score <4 was
considered as patients with low expression and >6 as those with high
expression.’® E-cadherin and vimentin expression were similarly
evaluated in > 400 tumor cells, observed under 400x magnification.
More specifically, E-cadherin staining appeared brown color on the
membrane/and or cytoplasm, and vimentin in the cytoplasm/and or
nucleus. The outcome measure was obtained by calculating the
proportion of positive tumor cells as follows: 0 (no positive tumor
cells), 1 (<10% positive tumor cells), 2 (10-50% positive tumor cells),
and 3 (>50% positive tumor cells). Scoring criteria for staining intensity
were graded as follows: 0 (no staining), 1 (light yellow staining/weak
intensity), 2 (yellow staining/medium intensity), and 3 (brown
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staining/strong intensity). The coloration index was calculated by
multiplying the proportion and intensity. E-cadherin and vimentin
expression were assessed by determining the staining score (0, 1, 2, 3,
4, 6, or 9), with < 4 showing low expression and > 6 high.*® Two
pathologists independently assessed all samples.

Statistical analysis

Data were analyzed using SPSS version 25.0, with the Chi-square test
assessing the associations between FoxP3* Treg expression and
pathological variables in NPC. The Gamma correlation tests were used
to evaluate the direction and strength of correlations between the
variables.

Results and Discussion

Clinicopathological characteristics of NPC patients

In this study, NPC patient ages ranged from 10 to 71 years, with a
median age of 46. The majority were male (33 cases, 57.9%). The most
common histopathological subtype was non-keratinizing SCC
undifferentiated (42 cases, 73.7%), with no basaloid SCC cases
observed. Most samples showed low expression of Foxp3* Treg cells
(34 cases, 59.6%) and TGF-1 (36 cases, 63.2%). Snail expression was
high in most cases (38 cases, 66.7%), while E-cadherin and vimentin
expression were low in 50 cases (87.7%) and 43 cases (75.4%),
respectively (Table 1). FoxP3* Treg cells and TGF-f1 expression in
NPC were evaluated by double immunohistochemical staining, while
Snail, E-cadherin, and vimentin were assessed by single staining. Co-
expression of FoxP3* and TGF-$1 was observed in Treg cells (Figure
1). High Snail expression (Figure 2), low E-cadherin, and vimentin
expression (Figure 3) were also observed in NPC tumor cells.

Expression of EMT markers and TGF-gI in NPC tissue and its
relationship with FoxP3* Treg expression

The relationship between FoxP3* Treg and TGF-A1 expression, as well
as Snail, E-cadherin, and vimentin was assessed in NPC patients (Table
2). FoxP3* Treg expression was significantly associated with Snail (P =
0.003). Among cases with high Snail expression, 91.3% also showed
high Foxp3* Treg, compared to 50.0% with low expression, indicating
a significant difference (P = 0.003). There were no significant
associations between Foxp3* Treg and TGF-A1 (P = 0.257), E-cadherin
(P = 0.423), or vimentin (P = 0.074). Gamma correlation analysis
further confirmed a strong positive correlation between FoxP3* Treg
and Snail expression (r = 0.826, P < 0.001; Table 3).

TGF-f1 expression in NPC tissue and relationship with Snail
expression

The relationship between TGF-A1 and Snail expression was analyzed in
NPC (Table 4). The results indicated that there was no significant
association, as shown by P =0.771.

Snail expression in NPC tissue and the relationship with EMT markers
Snail expression showed a significant association with vimentin (P =
0.022). Among cases with high vimentin expression, 34.2% also
showed high Snail, compared to only 5.3% with low expression.
However, no significant association was observed between Snail and E-
cadherin expression (P = 0.675) (Table 5). Gamma correlation analysis
confirmed a strong positive correlation between Snail and vimentin
expression (r = 0.807, P = 0.003; Table 6).

Snail expression in NPC tissue and its relationship with Foxp3* Treg
expression

The relationship between Snail and Foxp3* Treg expression was
examined in NPC (Table 7). Among cases with low FoxP3* Treg
expression, 89.5% showed low Snail expression, while only 44.7%
indicated high Snail. This difference was statistically significant (P <
0.05). Gamma correlation analysis confirmed a strong positive
correlation between Snail and FoxP3* Treg expression (r = 0.826, P
value < 0.001; Table 8).
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Figure 1: Double immunohistochemical staining of TGF-f1 and FoxP3 in NPC. TGF-41 Immunoperoxidase (brown) and FoxP3
(FOXP3 alkaline phosphatase (red)). TGF-£1 appears to be expressed in some tumor cells and stromal cells. Treg lymphocyte cells
(FoxP3*) appear to express TGF-41, with red and brown colocalization. Tumors with low (A, C) and high (B, D) FoxP3 (+)/TGF-81 (+)
densities. Double immunohistochemical staining, original magnification 100x (A, B) and 400x (C, D). Scale 100um.

Figure 2: Snail immunohistochemistry in NPC. Snail expression was detected as a brown color in the cytoplasm. Representative
samples with negative Snail expression on tumor cells (A, C) and samples with high Snail expression on tumor cells (B, D).
Immunoperoxidase original magnification 100x (A, B), and 400x (C, D). Scale 100um.
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Figure 3: Immunohistochemistry of E-cadherin and vimentin in NPC. E-cadherin expression (A, B) was brown in the cell membrane
and cytoplasm. Representative samples with negative E-cadherin expression in tumor cells (A) and positive in tumor cells (B).
Vimentin expression (C, D) was detected as brown in the cytoplasm of the tumor and stromal cells. In representative samples with
negative vimentin expression in tumor cells, vimentin was detected only in stromal cells (C) and was positive in tumor cells (D).
Immunoperoxidase, original magnification 400x. Scale 100um

The critical role of the TME in tumorigenesis, EMT, invasion, and
metastasis has been well established.’®> The TME consists of immune
cells, endothelial cells, mesenchymal cells, inflammatory mediators,
and extracellular matrix (ECM) molecules.” Regulatory T (Treg) cells,
a key component of tumor-infiltrating lymphocytes (TILs), inhibit
immune surveillance and suppress antitumor immune responses.
FoxP3, the hallmark transcription factor of Tregs, is crucial for
immunosuppressive function. Signals from TME, including TGF-4, can
induce peripheral naive T cells to become induced regulatory T cells
(iTreg).?* A better understanding of the mechanisms underlying Treg
regulation in tumor initiation and progression is needed.

EMT was once viewed as a binary transition from epithelial to
mesenchymal states, but is now understood to be a spectrum that
includes a partial EMT phenotype.? Cells in this state show mixed
epithelial and mesenchymal features, including reduced polarity,
increased motility, and collective migration, thereby enhancing
metastasis.?® EMT also influences cell proliferation, apoptosis, budding,
and immunosuppression, driven primarily by transcription factors, such
as Snail, Slug, Twistl, Zeb1, and Zeb2, which are activated by signals,
namely TGF-g, EGF, PDGF, VEGF, WNT, and Notch.?> The TME
contributes further to EMT through immunosuppressive elements like
Tregs.??

The results showed that FoxP3* Treg cells contribute to partial EMT in
NPC. Tumor cells showed both epithelial (E-cadherin) and
mesenchymal (vimentin) markers, consistent with a partial EMT
phenotype. These cells have enhanced tumor initiation potential,

resistance to therapy, and survival advantages over fully epithelial or
mesenchymal cells.? The phenotype also allows tumor cells to maintain
adhesion while migrating collectively, facilitating intravasation and
metastasis. The interaction between EMT and immune suppression
forms a feedback loop that accelerates tumor progression.z

Although TGF-41 is a known inducer of EMT and Snail activation in
cancer,?* it can be produced by tumor cells, stromal cells, and immune
cells, including Treg cells.® 2.2 A study by Shi et al.?® showed that
Treg promoted hepatocellular carcinoma invasion through TGF—-f1-
induced Snail activation. However, in this study, the lack of association
between TGF-A1 and Snail expression suggests that TGF-A1 derived
from FoxP3* Treg cells may not be the primary inducer. Snail
expression may instead be influenced by TGF-A1 from tumor or stromal
cells.

Snail has been shown to directly induce both EMT and Foxp3* Treg
cells accumulation, contributing to immunosuppression and increased
metastasis, as indicated in melanoma by Saito et al.?’ In line with
previous results, Snail simultaneously promotes partial EMT and Treg
cells expansion in NPC. Foxp3* Treg cells likely suppress CD4* and
CD8* T lymphocyte responses, promoting tumor growth. Furthermore,
tumor-derived TGF-f1 may upregulate Snail, completing a feedback
loop that sustains both EMT and immune evasion. This loop reinforces
the partial EMT phenotype, which plays a key role in tumor
aggressiveness, resistance, and progression.?
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Table 1: Clinicopathological characteristics of NPC patients

Characteristics n %

Age (years)
Median 46
Minimum 10

Maximum 71

Gender

Male 33 57.9

Female 24 42.1
Histopathology of NPC

Keratinizing SCC type, 1 1.8

Non-keratinizing SCC type, differentiated subtype 14 24.6

Non-keratinizing SCC type, undifferentiated subtype 42 73.7

Basaloid SCC type 0 0.0
FoxP3* Treg expression

Low 34 59.6

High 23 40.4
TGF-B1 expression

Low 36 63.2

High 21 36.8
Snail expression

Low 19 333

High 38 66.7
E-cadherin expression

Low 50 87.7

High 7 12.3
Vimentin expression

Low 43 75.4

High 14 24.6
Total 57 100.0

Table 2: Relationship of FoxP3* Treg expression with TGF-41, Snail, E-cadherin, and Vimentin expression in NPC

TGF-p1 P-value Snail P-value E-cadherin P-value Vimentin P-value
expression expression expression expression
Low High Low High Low High Low High
n % n % n % n % n % n % n % n %
FoxP3* Treg
expression
Low 24 706 10 294 0.257ns 17 50.0 17 50.0 0.003* 31 912 3 88 0423ns 29 853 5 14.7 0.074ns
High 12 522 11 478 2 87 21 913 19 826 4 174 14 609 9 391
Total 36 632 21 36.8 19 333 38 66.7 50 87.7 7 123 43 754 14 246

*: significant (P < 0.05); ns: non-significant (P > 0.05)

4232
© 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, September 2025; 9(9): 4228 - 4234 ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Table 3: Gamma correlation analysis results between FoxP3* Treg and Snail expression in NPC

Snail expression Correlation P-value
Low High coefficient (r)
FoxP3* Treg expression Low 17 (50.0) 17 (50.0) 0.826 0.000*
High 2(8.7) 21 (91.3)
Total 19 (33.3) 38 (66.7)

*: significant (P < 0.05); ns: non-significant (P > 0.05)

Table 4: Relationship between TGF-$1 and Snail expression in NPC

Snail expression

Low High P-value
n % n %

TGF-p1 expression Low 13 36.1 23 63.9 0.771ns
High 6 286 15 714
Total 19 333 38 66.7

*: significant (P < 0.05); ns: non-significant (P > 0.05)

Table 5: Relationship between Snail expression and E-cadherin and Vimentin expression in NPC

E-cadherin expression P-value Vimentin expression P-value
Low High Low High
n % n % n % n %
Snail expression
Low 16 84.2 3 15.8 0.675ns 18 94.7 1 5.3 0.022*
High 34 89.5 4 105 25 65.8 13 34.2
Total 50 87.7 7 12.3 43 754 14 24.6

*: significant (P < 0.05); ns: non-significant (P > 0.05)

Table 6: Gamma correlation analysis results between Snail and Vimentin expression in NPC

Vimentin expression Correlation P-value
Low High coefficient (r)
Snail expression Low 18 (94.7) 1(5.3) 0.807 0.003*
High 25 (65.8) 13 (34.2)
Total 43 (75.4) 14 (24.6)

*: significant (P < 0.05); ns: non-significant (P > 0.05)

Table 7: Relationship between Snail expression and FoxP3* Treg expression in NPC

FoxP3* Treg expression

Low High P-value
n % n %

Snail expression Low 17 895 2 10.5 0.003*
High 17 447 21 55.3
Total 34 596 23 40.4

*: significant (P < 0.05); ns: non-significant (P > 0.05)
Table 8: Gamma correlation analysis results between Snail and FoxP3* expression in NPC

FoxP3* Treg expression Correlation P-value
Low High coefficient (r)
Snail expression Low 17 (89.5) 2 (10.5) 0.826 0.000*
High 17 (44.7) 21 (55.3)
Total 34 (59.6) 23 (40.4)

*: significant (P < 0.05); ns: non-significant (P > 0.05)
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Conclusion

In conclusion, infiltrating FoxP3* Treg cells contribute to partial EMT
in NPC patients by forming a feedback loop with Snail* tumor cells.
This effect appears to result from immunosuppressive function rather
than TGF-f1 signaling. Based on the results, targeting the
immunosuppressive activity of Foxp3* Treg cells may inhibit EMT,
reduce therapy resistance, and improve prognosis in NPC patients.
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