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Abstract

Background Cancer progression can be promoted by chronic inflammation. Local immune response may be
associated with favourable or unfavourable prognosis of Papillary Thyroid Carcinoma (PTC). Regulatory T (Treg) cells
and T helper 17 (Th17) cells exert opposing function and their balance may have a vital role in promotion of tumor
growth. Treg cells in tumor microenvironment (TME) may promote tumor progression and reduced survival of
patients. Whereas, Th17 cells can promote or inhibit tumor progression depending on phenotypic characteristics of
tumor. In this study, we aimed to analyse the kind of immune response developed and its prognostic impact in future
therapeutics.

Methods Cytometric Bead Array (CBA) analysis of pro and anti-inflammatory cytokines (IFN-gamma, IL-2, IL-6,

IL-17 A, TNF-alpha and IL-4, IL-10) was done in 15 PTC irrespective of Lymphocytic Thyroiditis (LT) and 16 Hashimoto's
Thyroiditis (HT) cases. Immunohistochemical expression of FoxP3 and IL-17 A was studied in 27 cases of PTC with LT.
Whereas, quantitative gene expression of both was analysed in 10 cases.

Results All the pro-inflammatory cytokines showed mild elevation in PTC with LT. On IHC, IL-17 A expression was
observed in 74% PTC with LT. Whereas, FoxP3 was present in only 40% cases. Also, IL-17 A expression was significantly
associated with age group (>45 years), tumor size < 1 cm and disease progression.

Conclusions Increased expression of cytokines suggested correlation between inflammatory factors and progression
of thyroid tumors. Along with this, the balance between IL-17 A and FoxP3 may play an important role in PTC
development, prognosis and future management.
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Background

Thyroid cancer accounts for around 2% of all human can-
cers. Most of these patients respond well to conventional
therapy; however, 10-30% of them may present with
recurrent disease [1]. Some may eventually stop respond-
ing to radioiodine treatment and metastasize to a distant
part of the body. A mixture of immune cells is found
within or even surrounding primary thyroid tumors,
indicating active involvement of the immune system in
papillary thyroid carcinoma (PTC) [2]. Pathologists often
recognize cells’ infiltration from innate and adaptive
immune systems, which may indicate inflammatory con-
ditions in non-neoplastic tissues.

Further, clinicians have long been realizing local
immune response, and concurrent Chronic Lympho-
cytic Thyroiditis (CLT) can be associated with a favor-
able or unfavorable prognostic profile of PTC patients
[3, 4]. CLT prevalence in patients with PTC has been
reported to be significantly higher than with benign thy-
roid tumors [5]. Moreover, patients with CLT remain
at higher risk for PTC compared with patients without
CLT. The reason behind is that inflammatory mediators
in tumor microenvironment (TME) can promote tumor
progression by remodeling tumor stroma and stimulating
angiogenesis. In contrast, tumor cells may secrete mol-
ecule which create an immunosuppressive microenviron-
ment which followed by the recruitment of regulatory T
lymphocytes [6, 7]. However, the nature of this lympho-
cytic reaction is not well understood. In highly immu-
nogenic tumors, spontaneous protective immunity can
be generated against tumors; whereas in poorly immu-
nogenic tumors, functional T cell response usually is not
generated. In highly immunogenic tumors, interleukins
(ILs) as a component of TME plays a significant role in
tumor progression. They often act as pro-angiogenic fac-
tors which further may develop an antitumor response
in these cases, but it does not control tumor progression
rather than favor tumor growth. Tumor necrosis factor
alpha (TNF-a), un this context, has been shown to have
dual role on tumor development. On one hand, TNF-«
may promotes angiogenesis and metastasis of tumor
cells at low concentrations, and at high levels it may exert
antitumor effects [8]. Additionally, interleukin-2 (IL-2), a
multifunctional cytokine is known to activate T cells in
TME of thyroid cancer by upregulating Human Leuko-
cyte antigen (HLA) class I molecule expression and sub-
sequent tumor antigen presentation [9].

A large proportion of cancers represent this kind of
immune response, including Thyroid carcinoma (TC).
The presence of intratumor or peritumoral infiltration
of lymphocytes is evidence that the immune system may
respond to malignant transformation as previous stud-
ies have shown dense CD8+T cells in cancer cell nests
may be correlated with prognosis. A 9-year follow-up
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study revealed that PTC with tumor-infiltrating lympho-
cytes (TILs) were less prone to tumor recurrence than
PTC without TILs. This suggests that TILs may predict a
favorable prognosis in these patients. However, lympho-
cytes are a pool of cells in which multiple phenotypes can
be found [10]. Therefore, it is essential to assess different
subsets of TIL to study prognostic prediction. CD4+T
cells play a key role in regulating immune response
generated in malignant transformation. It can be dif-
ferentiated into one of at least four functionally distinct
populations of cells: T helper 1 (Th1), Th2, regulatory T
(Tregs), or Th17. Th1 polarization can be characterized
by interferon (IFN) -y production and may support the
cytotoxic response mediated by CD8+T cells [11].

Conversely, Th2 polarization can stimulate humoral
immunity combined with suppressed cellular immu-
nity and failed cytotoxic T-cell antitumor immunity by
altering cancer risk toward tumor promotion and pro-
gression. Treg is generally identified as FoxP3+lympho-
cytes [12, 13], induced forms of thought to contribute to
tumor-specific T-cell tolerance and suppress autoimmu-
nity and antitumor immunity through secretion of inhib-
itory cytokines such as IL-10 and transforming growth
factor-beta (TGF-P) [14]. Conversely, the recently discov-
ered Th17 cells play an essential role in promoting auto-
immunity, carcinogenesis, and antitumor immunity. In
this present study, we wanted to observe the imbalance
in Treg and Th17 cells’ expression in terms of analyzing
the transcription factor FoxP3 and the secretory cytokine
IL-17 A, respectively, to explore the regulation of antitu-
mor immune response generated in tissues of PTC.

Methods

Patients and samples

The study was conducted at Post Graduate Institute of
Medical Education and Research (PGIMER) Chandigarh,
India from January 2015 to December 2019. Pre-opera-
tive peripheral blood samples from consecutive PTC with
LT and benign hyperplastic nodules (HN) with LT cases
were collected for Cytometric Bead Array (CBA) analy-
sis. Histopathologically proven PTC with LT and HN
with LT cases of both sex with age above 18 years were
included for immunohistochemical evaluation (Fig. 1).
Hashimoto’s Thyroiditis patients were enrolled from the
Department of Endocrinology. The fresh tumor tissues
were collected at the time of surgery, stored in a sterile
condition and transferred to RNA Later for subsequent
RNA extraction.

An informed consent from all the patients was col-
lected. The ethical clearance was obtained from the insti-
tute’s ethics committee. The demographic and clinical
details of PTC patients including age, sex, tumor stage
and lymph node metastasis were retrieved from histopa-
thology report and clinical records from the department
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Fig. 1 Photomicrographs showing papillary thyroid carcinoma (A) with tumor infiltrating lymphocytes and (B) associated with lymphocytic thyroiditis

(H&E 20X)

of Histopathology and Endocrinology respectively. The
histologic subtype was confirmed by reviewing Haema-
toxylin and Eosin (H&E) slides unbiaslly by two observers
(UN and SB).

Cells and serum

5 ml of Venous blood was collected in vacutainers from
all the patients enrolled in this study. For serum isolation,
blood samples were centrifuged at 2300 rpm for 10 min,
without brake. The serum separated, collected carefully
in a 1.5 ml microcentrifuge tube, and stored in -80°C
deep freezer for further analysis.

Cytometric bead array

Serum samples isolated from peripheral blood of PTC
with LT patients were assayed for pro-inflammatory
(IEN-y, IL-2, IL-6, IL-17 A and TNF-alpha) and anti-
inflammatory (IL-4, 10) cytokines using manufacture’s
protocol of BD Th1/Th2/Th17 Cytometric Bead Array kit
(cat no. 560,484) in comparison to Hashimoto’s Thyroid-
itis patients. Cytokine levels were measured using corre-
sponding cytokine standards [15].

Immunohistochemistry (IHC)

The formalin-fixed, paraffin-embedded (FFPE) tissue
blocks were used for IHC using standard protocol. Anti-
gen retrieval was done by dipping the slides in Sodium
Citrate buffer (pH 6) for 10 min in a decloaking chamber,
and the slides were removed after full pressure release.
The slides were cooled, followed by endogenous peroxide
blocking by incubation with 3% H202 for 30—45 min. The
sections were washed with 1X PBST and then incubated
with the primary antibody to human FoxP3 (Abcam,
diluted 1:75) and IL-17 A (R&D, diluted 1:50) at room
temperature for 45—-60 min. The slides were washed with
1X PBST, and a secondary antibody was added, followed
by DAB and haematoxylin counterstaining.

Immunohistochemical scoring
The immunoreactivity of Foxp3 and IL-17 A was scored
semiquantitatively.

The intensity was graded as 0 (negative), + (weak), ++
(moderate) and+++ (strong). The frequency was graded
from O to 4 by percentage of positive cells:

+ grade 0:<3% of positive cells.

+ grade 1: 3-25%.

+ grade 2: 26-50%.

+ grade 3: 51-75% and.

« grade 4:> 75% of positive cells [16].

The index score was calculated by multiplying the inten-
sity and frequency grades, which was further placed into
a 4-point scale:

+ index score 0 (product of intensity and frequency is

0).

o 1 (+, the productis 1 and 2).

o 2 (++, the product is 3 and 4).

¢ 3 (+++, the product is in between 6 and 12).

RNA extraction and cDNA synthesis

Total RNA was extracted from the fresh tissues of PTC
collected at the time of surgery using the miRvana Paris
Kit according to the manufacturer’s instructions (Invit-
rogen) and quantified spectrophotometrically; its integ-
rity was verified by 1% agarose gel electrophoresis. The
spectrophotometer reading for RNA of all the samples
included was in between 1.9 and 2.0 and agarose gel elec-
trophoresis showed mostly 3 bands and in some samples
2 bands for RNA samples. We reverse-transcribed one ug
of total RNA in a total volume of 20 ul using a cDNA syn-
thesis kit (Bio-Rad). cDNA was stored in a -20°C refrig-
erator for further use in quantitative RT-PCR [17].

Quantitative real-time RT-PCR

Copy numbers of FoxP3 and IL-17 A mRNA was deter-
mined by quantitative real-time RT-PCR using a Light
cycler (Applied Biosystems). Master SYBR Green
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(Applied Biosystems) was used for the gene analysis.
Amplifications (10 ul reaction volume) were performed
in 96 well plates; 1 ul of cDNA, 5 ul of SYBR Green, 4
ul of sterile water, and 0.5 ul of each primer were used.
The RT-PCR reactions were performed according to
the Light cycler standard protocol using the annealing
temperature of 66 °C for FoxP3 and 63.8°C for IL-17 A.
Cycle threshold (C;) values and calculated values were
determined using the Light cycler machine. Samples
were loaded in duplicate, and the data was calculated in
terms of mean. Mastermix, with the addition of 1 ul of
sterile water instead of cDNA, served as a negative con-
trol. Delta delta Ct method was used to calculate the fold
changes (expression level) of target genes in comparison
to reference gene. GAPDH was used as reference gene in
these samples.

Statistical analyses

Statistical analysis was performed using Graph Pad Prism
Software. Data were tested for normal distribution using
Shapiro-Wilk test. Data were presented as meantSD
where normally distributed and as median (interquartile
range) where data were skewed. The data were analysed
by 2% 2 contingency table and Chi-square test. The differ-
ences were considered significant where the p value was
<0.05.

Results

A total of 27 cases of PTC with LT and 12 benign thyroid
nodule cases were enrolled in the study after histologi-
cal confirmation. There were 20 females and only 7 males
with male: female ratio of 1: 2.8. The clinical details are
depicted in Table 1. The overall survival was 88% after
a mean follow up of 30.33+£4.67 months. Three out of
those survived (n=16) had shown disease progression
during the follow-up period.

Table 1 Clinical details of patients

Parameters PTC with LT (n=27)
Mean age 36.19+£243*
Mean tumor diameter (cm) 24+0.3%

Classical 96% (26/27)
Follicular variant 4% (1/27)

Histological subtype

Tumor diameter 54% (13/24)
<2cm 37.5% (9/24)
>2to<4cm 8.5% (2/24)
>4.cm

Cervical LNM 52% (13/25)
Mean follow-up (months) 30.33+4.67*
Distant metastasis 27.8% (5/18)
Mortality 11.1% (2/18)

Data represented in * Mean+SEM.
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Serum cytokine detection in PTC with LT

CBA was done by Th1/Th2/Th17 Cytokine kit as per the
manufacture’s protocol in Hashimoto’s thyroiditis (n=16)
and Papillary Ca thyroid irrespective of LT (n=15). The
level of cytokines measured included IFN-g, IL-2, IL-6,
IL-17 A, TNF-a, IL-4, IL-10 (in comparison to standards
provided with Kit). The results are shown in Fig. 2 (A to
C). The median level of all the pro-inflammatory cyto-
kines (IFN-g, IL-2, IL-6, IL-17 A, TNF-a) cytokines in
PTC with LT patients (n=7) showed elevation to that
of PTC only (n=8) (P=0.002) and HT (n=16) (P=0.03).
Further, on comparing median level of the cytokines in
the same group of PTC with LT, we observed IL-2 was
the most significantly up regulated than other pro-
inflammatory cytokines (P=0.004).

Characterization of Tregs and Th17 cells in PTC with LT by
IHC

The IHC for FoxP3 (transcription factor of Treg cells) and
IL-17 A (cytokine secreted from Th17 cells) was done in
27 samples of PTC with LT (n=27) included in this study.
Of the total 27 cases, FoxP3 showed nuclear positivity in
40% cases of PTC with LT with an intensity varied from
1+to 3+ (Fig. 3A and D). In comparison, 67% of LT cases
showed FoxP3 positivity with an intensity varied between
1+and 2+ (Fig. 4A). Therefore, our results showed a
decreased expression of FoxP3 in PTC with LT cases
compared to benign LT though it was statistically signifi-
cant (P=0.07). On the contrary, IL-17 A showed 74% pos-
itivity in PTC with LT, where the intensity varied between
14+and 2+ (Fig. 3E and G). In comparison, benign LT
showed 42% positivity for IL-17 A with an intensity of
1+only (Fig. 4B). Hence, significantly increased expres-
sion of IL-17 A was seen in PTC with LT compared to LT
cases (P=0.07). Further, IL-17 A expression also showed
significant increase in comparison to FoxP3 expression in
PTC with LT cases (P=0.02) (Fig. 4C).

mRNA expression of Treg and Th17 cells in PTC with LT in
comparison to benign LT by Real-Time quantitative PCR
Quantitative real-time PCR analysis of FoxP3 and IL-17 A
was done in 10 cases of PTC with LT cases. We observed
significant downregulation of FoxP3 mRNA (Fig. 5A,
P=0.0001***), and IL-17 A mRNA (Fig. 5B, P=0.0018"*)
in PTC with LT compared to LT. We also analyzed the
balance in the expression level of FoxP3 and IL-17 A
(Fig. 5C) in PTC with LT. Here we noticed mild increase
in expression of IL-17 A concerning FoxP3 (P=0.21) with
an upward trend in PTC with LT cases. All the graphs are
shown in Fig. 5 (A-C).
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Fig. 2 (A-C): Serum cytokine concentration in PTC with LT

Clinicopathological correlation of IL-17 A protein
expression

In this study, we observed significant association in
between IL-17 A expression and patients’ age>45 years,
even smaller tumor size (£1 cm) and disease progression
in follow up period (Fig. 6A-C; Table 2). However, we did
not find any significant correlation between Foxp3+Tregs
expression and clinical parameters of patients.

Discussions

There is a functional relationship between chronic
immune responses and cancer which is not clearly
understood in PTC. Chronic inflammation can often be
correlated with carcinogenesis through the relative con-
tribution of two specific lymphocyte subsets, i.e., Treg
cells and Th17 cells [18]. However, in PTC, limited litera-
ture on balance between these two cell types is available.
We analysed the expression of these two cells in PTC tis-
sue. We measured the level of pro and anti-inflammatory
cytokines, namely IFN-g, IL-2, IL-6, IL-17 A, TNF-a,

IL-4, IL-10 in serum of PTC cases irrespective of LT and
compared to HT.

Serum level of all pro and anti-inflammatory cyto-
kines IFN-g, IL-2, IL-6, IL-17 A, TNF-a, IL-4, IL-10 was
detected in PTC with LT, PTC only and HT. Our result
showed significantly increased expression of all the pro
(IFN-g, IL-2, IL-6, IL-17 A, TNF-a) and anti-inflamma-
tory cytokines (IL-4 and IL-10) in PTC with LT com-
pared to PTC only and HT. Of all the cytokines, IL-2 was
the most upregulated, followed by IL-4, IL-6 and IL-17 A,
whereas, IL-10 was the least elevated one observed in
our study. Therefore, pro-inflammatory mediators were
more prevalent in the systemic circulation of PTC with
LT patients. Previously, HU et al. has observed increased
IL-2 expression in PTC+HT tissues. They observed that
IL-2 treated PTC cells can limit tumor progression by
increasing activation of CD8+T cells and downregula-
tion of immune checkpoint inhibitor PD-1. Their find-
ings suggested IL-2 as a promising immunotherapy in
PTC [9]. The second most upregulated cytokine was IL-4
in our study. It was elevated in two of our PTC with LT
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Table 2 Association between IL-17 A expression and
clinicopathological parameters

Parameters IL-17 A+ IL-17 A- P value
(20/27 =74%) (7/27 =26%)

age <45 70 30 0.0099
age>45 86 14

tum size<1cm 100 0 <0.0001
tum size>1cm 71 29

multifocality + 83 17 0.1239
multifocality - 73 27

LNM + 77 23 0.1560
LNM - 67 33

disease progressed 100 0 <0.0001
not progressed 69 31

patients who had progressed the disease in the follow-up
period. Our observation supported the previous study by
Stanciu et al., which suggested its need for close moni-
toring and intensive treatment of PTC. Similarly, Simo-
novic et al. also found elevated IL-4 in peripheral blood
of PTC with autoimmune HT patients. Also, Stassi et
al. detected the role of IL-4 in inhibiting apoptosis by B
and T cells through recruiting anti-apoptotic molecules
[19-21]. Another cytokine IL-6 was also elevated in our
study, especially in two patients with disease progression
in follow up period. Our observation was concordant
with Kobawala et al. who have noticed significant asso-
ciation of IL-6 level and poor survival of PTC patients
[22]. Together, all these cytokines may activate different
cell signaling pathways to promote angiogenesis, regulate
immune response in TME, inhibit tumor cell apoptosis
and further distant metastasis followed by poor overall
survival. In this context, IL-17 A cytokine is the mostly
known as pro-angiogenic mediator now a days, due to
its involvement in inflammatory process and TNF-alpha
secretion in tumor microenvironment [23, 24]. There-
fore, we studied both local and systemic expression of
IL-17 A in PTC with LT patients. IL-17 A level was ele-
vated in serum of PTC with LT patients. Also, tumor
size of all these patients were >1 cm and 43% of these

C

were presented with lymph node metastasis. Similar to
our study, Jiang et al. correlated IL-17 expression with
TNM stage, and lymph node metastasis of thyroid can-
cer. Again, Carvalho et al. correlated serum IL-17 level
with shorter recurrence free survival in thyroid cancer
patients [25, 26]. All of these pro-inflammatory cytokines
were associated with certain parameters of PTC tumori-
genesis and progression of the disease. On the other
hand, the anti-inflammatory cytokine IL-10 was known
to influence PTC’s aggressiveness by inhibiting immune
cells” anti-tumor activity [27]. However, in our study we
observed IL-10 cytokine was less elevated with respect to
other cytokines.

Immunohistochemical  expression showed that
FoxP3+Treg cells were less frequent in PTC with LT
than in benign LT. Only 40% (11/27) PTC with LT cases
were positive with mild to moderate nuclear expression
of FoxP3. Similarly, Mohamed et al. reported 45% positiv-
ity of FoxP3 followed by Ugolini et al. who also reported
43% positivity of FoxP3 in PTC cases [28, 29]. In contrast,
Cunbha et al. found 91.9% positivity of FoxP3 at cytoplasm
and nucleus in PTC compared to nodular goitres. They
correlated FoxP3 nuclear expression to the aggressive-
ness of differentiated thyroid carcinomas. Additionally,
FoxP3+lymphocytic infiltration was more frequent in
PTCs smaller than 2 ¢cm in diameter, lacking extrathy-
roidal invasion and associated with chronic lymphocytic
thyroiditis [30].

On the other hand, significantly upregulated expression
of IL-17 A was seen in PTC with LT compared to benign
LT, and the expression varied between mild and moder-
ate intensity. In our study, 74% (20/27) of cells were posi-
tive for IL 17 in all papillary thyroid tumors associated
with lymphocytes surrounding the lesions. Similarly,
Carvalho et al. reported higher IL-17 expression in dif-
ferentiated thyroid carcinoma than that of benign thy-
roid neoplasms and its association with high recurrence
and morality as a pro-angiogenic mediator [26]. Han et
al. identified an elevated IL-17 A expression in PTC with
coexisting HT. Also, they reported that administration of
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IL-17 A can effectively induce Major Histocompatibil-
ity complex I (MHC class I) expression in PTC cell lines
(namely K1 and TPC-1) in vitro and subsequent reduc-
tion of PD-1 expression. The PD-1 expression in PTC
may exhaust the effector T cells to avoid immune attack
and killing of tumor cells [31]. Therefore, its reduction
led to increased T cell activation with IL-2 cytokine pro-
duction and subsequent suppression of tumor immune
escape by inhibiting PD-1/PD-L1 pathway [32]. Further,
protein expression showed significant up regulation of
IL-17 A secreting Th17 cells compared to FoxP3 express-
ing Treg cells in IHC (P=0.02). Earlier Jeon et al. have
demonstrated that IL 17 can induce vascular endothelial
growth factor expression with subsequent secretion of
TGF B and high levels of TGF p further promoted tumor
growth and metastasis [33]. Kryczek et al. also observed
Th17 cells correlating with immune effector cells, includ-
ing CD8+T cells and natural killer cells and thus promot-
ing an antitumor response mediated by cytotoxic cells
[34].

To validate the results, quantitative real time PCR
revealed significant downregulation of both FoxP3 and
IL-17 A mRNA in PTC with LT compared to benign
HN with LT. However, IL-17 A mRNA was significantly
upregulated compared to FoxP3 mRNA in PTC with LT
cases.

In this study, we observed significant association
between IL-17 A expression and patients’ age>45 years,
even smaller tumor size (£1 cm), and disease progression
in the follow-up period. However, we did not find any
significant correlation between Foxp3+Tregs expression
and the clinical parameters of patients. Previously, high
IL 17 protein expression was associated with recurrence
in around 74% of patients who succumbed to the disease.
This indicated that IL 17 cytokine may be involved in the
development and progression of tumors and can present
a prognostic factor for poor survival [35]. Zhang et al.
have demonstrated that the accumulation of IL 17 pro-
ducing cells in the tumor microenvironment may lead to
tumor progression in patients with hepatocellular carci-
noma by promoting angiogenesis [36].

Conclusions

Our study detected a lower expression of FoxP3+regula-
tory T cells in PTC with LT patients. Also, IL-10 cytokine
secretion was more deficient in these patients’ peripheral
blood. On the other hand, we observed increased expres-
sion of IL-17 A secreting Th17 cells in PTC with LT
patients. Also, the median level of IL-17 A cytokine was
upregulated in peripheral blood of these patients. At the
gene level, IL-17 A mRNA showed an upward trend com-
pared to FoxP3 mRNA. Finally, IL-17 A expression was
significantly associated with even smaller tumor diameter
and disease progression which reflects its significance as
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an early diagnostic and future prognostic marker of PTC.
These results suggested that infiltration of IL-17 A+cells
in the tumor microenvironment of PTC with LT possibly
helping tumors to sustain the growth and development
by inhibiting antitumor immune responses and Tregs, in
this context, playing comparatively non-significant role
in concurrent PTC with LT by having comparatively less
elevated IL-10 secretion.

List of Abbreviations

PTC Papillary thyroid carcinoma
LT Lymphocytic thyroiditis

HT Hashimoto's thyroiditis
Treg T regulatory cell
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TME Tumor microenvironment
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Acknowledgements
We would like to acknowledge Post Graduate Institute of Medical Education
and Research (PGIMER) Chandigarh to conduct this study.

Authors’ contributions

All authors contributed to the study conception and design. Material
preparation, data collection and data analysis were performed by S.B, UN and
SM.AS and N.S analyzed the data and edited the manuscript. Clinical samples
were collected from D.D. and R.G. All authors reviewed the manuscript.

Funding
The study was supported by Intramural Research Grant, PGIMER, Chandigarh
(Endst No. 71/2-Edu-16/119).

Data Availability
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
An informed consent from all the patients was collected. Ethical approval was
obtained from PGIMER Institute Ethics Committee (IEC).

Consent for publication
NA.

Conflict of interest
The authors declared no potential conflicts of interest.

Competing interests
The authors declare no competing interests.

Received: 21 February 2023 / Accepted: 5 June 2023
Published online: 10 August 2023

References

1. Durante C, Montesano T, Torlontano M, Attard M, Monzani F, Tumino S,
Costante G, Meringolo D, Bruno R, Trulli F, Massa M. Papillary thyroid cancer:
time course of recurrences during postsurgery surveillance. J Clin Endocrinol
Metabolism. 2013:98:636-42.

2. ImamS, Paparodis R, Sharma D, Jaume JC. Lymphocytic profiling in thyroid
cancer provides clues for failure of tumor immunity. Endocrine-related
Cancer. 2014;21:505.

3. Sipos JA, Mazzaferri EL. Thyroid cancer epidemiology and prognostic vari-
ables. Clin Oncol. 2010;22:395-404.



Banerjee et al. Diagnostic Pathology

20.

(2023) 18:93

Gupta S, Patel A, Folstad A, et al. Infiltration of differentiated thyroid
carcinoma by proliferating lymphocytes is associated with improved
disease-free survival for children and young adults. J Clin Endocrinol Metab.
2001,86:1346-54.

Cunha LL. Concurrent lymphocytic thyroiditis is associated with less
aggressive papillary thyroid carcinomas. Eur Arch Otorhinolaryngol.
2012;269:699-700.

Melillo RM, Castellone MD, Guarino V, De Falco V, Cirafici AM, Salvatore G, et
al. The RET/PTC-RAS-BRAF linear signaling cascade mediates the motile and
mitogenic phenotype of thyroid cancer cells. J Clin Invest. 2005;115:1068-81.
https://doi.org/10.1172/JCI22758.

Ameri P, Ferone D. Diffuse endocrine system, neuroendocrine tumors and
immunity: what's new? Neuroendocrinology. 2012;95:267-76. https://doi.
0rg/10.1159/000334612.

Lumniczky K, Safrany G. The impact of radiation therapy on the antitu-

mor immunity: local effects and systemic consequences. Cancer Lett.
2015;356:114-25.

Hu JQ, Lei BW, Wen D, Ma B, Zhang TT, Lu ZW, Wei WJ, Wang YL, Wang Y, Li
DS, Ji QH. IL-2 enhanced MHC class | expression in papillary thyroid cancer
with Hashimoto's thyroiditis overcomes immune escape in vitro. J Cancer.
2020;11:4250.

Okayasu |, Fujiwara M, Hara Y, Tanaka Y, Rose NR. Association of chronic
lymphocytic thyroiditis and thyroid papillary carcinoma. A study of surgical cases
among Japanese, and white and African Americans. Cancer 1995; 76: 2312-8.
Dighe AS, Richards E, Old LJ, Schreiber RD. Enhanced in vivo growth and
resistance to rejection of tumor cells expressing dominant-negative
IFNyreceptors. Immunity. 1994;1:447-56.

Tan T-T, Coussens LM. Humoral immunity, inflammation, and cancer. Curr
Opin Immunol. 2007;19:209-16.

Zhou G, Levitsky HI. Natural regulatory T cells and de novo-induced regula-

tory T cells contribute independently to tumor-specific tolerance. J Immunol.

2007;178:2155-62.

Noack M, &Miossec P.Th17 and regulatory T cell balance in autoimmune and
inflammatory diseases. Autoimmun Rev. 2014;13:668-77.

Islas-Vazquez L, Aguilar-Cazares D, Galicia-Velasco M, Rumbo-Nava U,
Meneses-Flores M, Luna-Rivero C, Lopez-Gonzalez JS. IL-6, NLR, and Sl mark-
ers and their relation with alterations in CD8 + T-lymphocyte subpopulations
in patients treated for lung adenocarcinoma. Biology. 2020,9:376.

Zha B, Huang X, Lin J, Liu J, Hou Y, Wu G. Distribution of lymphocyte sub-
populations in thyroid glands of human autoimmune thyroid disease. J Clin
Lab Anal. 2014;28:249-54.

Feilchenfeldt J, Totsch M, Sheu SY, Robert J, Spiliopoulos A, Frilling A,

Schmid KW, Meier CA. Expression of galectin-3 in normal and malignant
thyroid tissue by quantitative PCR and immunohistochemistry. Mod Pathol.
2003;16:1117-23.

Eisenstein EM, Williams CB. The T reg/Th17 cell balance: a new paradigm for
autoimmunity. Pediatr Res. 2009;65:26-31.

Stanciu AE, Serdarevic N, Hurduc AE, Stanciu MM. IL-4, IL- 10 and high
sensitivity-CRP as potential serum biomarkers of persistent/recurrent disease
in papillary thyroid carcinoma with/without Hashimoto's thyroiditis. Scand J
Clin Lab Invest. 2015;75:539-48.

Zivancevic-Simonovic S, Mihaljevic O, Majstorovic I, Popovic S, Markovic S,
Milosevic-Djordjevic O, Jovanovic Z, Mijatovic-Teodorovic L, Mihajlovic D,
Colic M. Cytokine production in patients with papillary thyroid cancer and
associated autoimmune Hashimoto thyroiditis. Cancer Immunol Immuno-
ther. 2015,64:1011-9.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33.

34.

35.

36.

Page 9 of 9

Stassi G, Todaro M, Zerilli M, Ricci-Vitiani L, Di Liberto D, Patti M, et al. Thyroid
cancer resistance to chemotherapeutic drugs via autocrine production of
interleukin-4 and interleukin-10. Cancer Res. 2003;63:6784-90.

Kobawala TP, Trivedi Tl, Gajjar KK, Patel DH, Patel GH, Ghosh NR. Significance
of interleukin-6 in papillary thyroid carcinoma. J Thyroid Res. 2016;6178921.
https://doi.org/10.1155/2016/6178921.

Ouyang W, Kolls JK, Zheng Y. The biological functions of T helper 17 cell effec-
tor cytokines in inflammation. Immunity. 2008;28:454-67.

Numasaki M, Lotze MT, Sasaki H. Interleukin-17 augments tumor necrosis
factor-alpha-induced elaboration of proangiogenic factors from fibroblasts.
Immunol Lett. 2004,93:39-43.

Jiang XL, Zhang H, Chen YL, Peng L. [Expression of microRNA-221 and IL-17 in
papillary thyroid carcinoma and correlation with clinicopathologic features.
Zhonghua Bing Li Xue Za Zhi. 2017;46:160-5.

Carvalho DFG, Zanetti BR, Miranda L, Hassumi-Fukasawa MK, Miranda-
Camargo F, Crispim JCO, et al. High IL-17 expression is associated with an
unfavorable prognosis in thyroid cancer. Oncol Lett. 2017;13:1925-31.

Moore KW, de Waal Malefyt R, Coffman RL, O'Garra A. Interleukin- 10 and the
interleukin-10 receptor. Annu Rev Immunol. 2001;19:683-765.

Mohamed SY, Ibrahim TR, Elbasateeny SS, Abdelaziz LA, Farouk S, Yassin MA,
Embaby A. Clinicopathological characterization and prognostic implication
of FOXP3 and CK19 expression in papillary thyroid carcinoma and concomi-
tant Hashimoto's thyroiditis. Sci Rep. 2020;10:1-2.

Ugolini C, et al. FoxP3 expression in papillary thyroid carcinoma: a possible
resistance biomarker to iodine 131 treatment. Thyroid. 2014;24:339-46.
Cunha LL, Morari EC, Nonogaki S, Soares FA, Vassallo J, Ward LS. Foxp3 expres-
sion is associated with aggressiveness in differentiated thyroid carcinomas.
Clinics. 2012,67:483-8.

Banerjee S, Nahar U, Dahiya D, Mukherjee S, Dey P, Gupta R, Radotra B,
Sachdeva N, Sood A, Bhadada SK, Bhansali A. Role of cytotoxic T cells and
PD-1 immune checkpoint pathway in papillary thyroid carcinoma. Front
Endocrinol. 2022;13.

Han LT, Hu JQ, Ma B, Wen D, Zhang TT, Lu ZW, et al. IL-17A increases MHC
class | expression and promotes T cell activation in papillary thyroid cancer
patients with coexistent Hashimoto's thyroiditis. Diagn Pathol. 2019;14:52.
Jeon SH, Chae BC, Kim HA, Seo GY, Seo DW, Chun GT, Kim NS, Yie SW, Byeon
WH, Eom SH, et al. Mechanisms underlying TGF-beta1-induced expression
of VEGF and Flk-1 in mouse macrophages and their implications for angio-
genesis. J Leukoc Biol. 2007;81:557-66.

Kryczek |, Banerjee M, Cheng P, Vatan L, Szeliga W, Wei S, Huang E, Finlayson
E, Simeone D, Welling TH, et al. Phenotype, distribution, generation and func-
tional and clinical relevance of Th17 cells in the human tumor environments.
Blood. 2009;114:1141-9.

Zhang L, Chen J, Xu C, Qi L, Ren Y. Effects of iodine-131 radiotherapy on Th17/
Tc17 and Treg/Th17 cells of patients with differentiated thyroid carcinoma.
Exp Ther Med. 2018;15:2661-6.

Zhang JP, Yan J, Xu J, Pang XH, Chen MS, Li L, Wu C, Li SP, Zheng L. Increased
intratumoral IL-17-producing cells correlate with poor survival in hepatocel-
lular carcinoma patients. J Hepatol. 2009;50:980-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1172/JCI22758
https://doi.org/10.1159/000334612
https://doi.org/10.1159/000334612
https://doi.org/10.1155/2016/6178921

	﻿IL-17 A correlates with disease progression in papillary thyroid carcinoma
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Patients and samples
	﻿Cells and serum
	﻿Cytometric bead array
	﻿Immunohistochemistry (IHC)
	﻿Immunohistochemical scoring
	﻿RNA extraction and cDNA synthesis
	﻿Quantitative real-time RT-PCR
	﻿Statistical analyses

	﻿Results
	﻿Serum cytokine detection in PTC with LT
	﻿Characterization of Tregs and Th17 cells in PTC with LT by IHC
	﻿mRNA expression of Treg and Th17 cells in PTC with LT in comparison to benign LT by Real-Time quantitative PCR
	﻿Clinicopathological correlation of IL-17 A protein expression

	﻿Discussions
	﻿Conclusions
	﻿References


