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Abstract: We evaluated the relationship between IL-17 expression and tumor budding in the oral squamous cell
carcinoma (OSCC) tumor invasion front (TIF). We also analyzed the correlation between OSCC prognosis and the
co-expression of IL-17 and tumor budding. We obtained tumor tissues, tumor margins, and adjacent normal tissues
from a total of 80 patients with OSCC. We measured IL-17 expression by ELISA and performed hematoxylin and eosin (H&E) and immunohistochemical staining to evaluate the presentation of tumor budding and IL-17 expression in
the TIF. IL-17 expression was significantly increased in the tumor tissues and margins compared with that in the normal tissues, which was confirmed by immunohistochemical staining. There were correlations between IL-17-positive
tumor budding and T classification, lymph node metastasis, distant metastasis, clinical stage, and recurrence. In a
multivariate survival analysis, the IL-17-positive tumor budding, besides tumor budding alone, was highly correlated
with prognosis. Our results demonstrate a positive relationship between IL-17 expression and tumor budding in the
OSCC TIF. IL-17 combined with tumor budding can serve as a valuable predictor of prognosis for patients with OSCC.
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Introduction
Worldwide, head and neck squamous cell carcinoma is the sixth most common malignant
tumor, affecting more than 500,000 patients
annually [1]. Oral squamous cell carcinoma
(OSCC) accounts for 95% of all modalities of
head and neck squamous cell carcinoma [2].
Despite advances in prevention and multimodal therapies, OSCC is still associated with an
unfavorable prognosis, with a 5-year survival
rate around 50% [3]. Loco-regional relapse,
cervical metastasis, and advanced clinical
stage are leading causes of the unfavorable
prognosis [4, 5]. Although a growing body of literature has revealed factors that drive OSCC
invasion and metastasis, the mechanisms
underlying OSCC progression are not fully
understood [6]. Therefore, it has been difficult
to identify biological markers with prognostic
value in OSCC.

The tumor invasion front (TIF) is defined as the
region located in the tumor border near the
stroma, which directly reflects the interaction
between the tumor and the tumor microenvironment. The TIF determines the invasive potential of the tumor and can be evaluated on
the basis of several parameters, such as the
depth of tumor invasion, the mode of invasion,
and tumor budding [7]. Tumor budding is characterized by the existence of insulated single or
small clusters of cancer cells (no more than five
cells) and indicates the loss of cellular cohesion
and the presence of active invasive movement
[8]. For those reasons, tumor budding has been
proposed as a promising prognostic feature in
many neoplasms [9-11]. Tumor budding at the
TIF of OSCC is related to local metastasis and
poor prognosis [12]; however, the underlying
molecular mechanisms of that relation are still
obscure [13].

IL-17 with tumor budding in oral squamous cell carcinoma
In addition to the histopathologic status of the
TIF, inflammatory factors in the tumor microenvironment also play an essential role in tumor
pathogenesis, invasion, and metastasis [14].
Overall, the tumor microenvironment is a chronic inflammatory stroma composed of different
types of cells (e.g., fibroblasts and immune
cells) and extracellular elements (e.g., chemokines, cytokines, and extracellular matrix) [15].
Interleukin 17 (IL-17, also known as IL-17A or
CTLA-8) is a proinflammatory cytokine that is
primarily secreted by T-helper type 17 cells and
neutrophils. IL-17 has been identified in various
carcinomas and is closely correlated with poor
prognosis in breast cancer [16], ovarian cancer
[17], hepatocellular cancer [18], and gastric
cancer [19]. Increased IL-17 expression has
also been observed in OSCC [20]. Additionally,
IL-17 overexpression in tongue cancer has been
shown to be correlated with cancer progression
[21]. IL-17 promotes tumor dissemination
through its effects on matrix metalloproteinases (MMPs) and angiogenesis [22], but the roles
of IL-17 in OSCC still need to be explored.
We hypothesized that IL-17 expression is related to tumor budding in the OSCC TIF and that
both of those factors may be correlated with
prognosis. To test that hypothesis, we conducted immunohistochemistry (IHC) staining of
IL-17 in tumor and normal tissues and analyzed
the relationships between IL-17 expression and
clinicopathologic features and survival.
Materials and methods
Patients and samples
The Ethics Committee of Shanghai Jiao Tong
University approved this study. The inclusion
criteria were as follows: patients from 35 to 55
years of age who were pathologically diagnosed
with OSCC at Shanghai Ninth People’s Hospital
from October 2015 to May 2018. Patients with
malignancies in other organs and those who
had received any anti-cancer therapy were
excluded. All of the enrolled patients gave written informed consent for inclusion in the study.
Eighty patients met the inclusion criteria and
were included in the study. We collected surgically resected primary tumor tissues, tumor
margins, and adjacent normal tissues (more
than 3 cm away from the tumor margins) from
all of the participants. All samples were stored
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at -80°C. Some of the tissues were embedded
in paraffin for hematoxylin and eosin (H&E) and
IHC staining. We categorized the tumor histological grades and clinical stages according to
the 8th edition of the TNM classification system of the American Joint Committee on Cancer [23]. Thus, we classified 13, 17, 31, and 19
tumors as pathological stages I, II, III, and IV,
respectively. We conducted retrospective follow up for 20 to 61 months after diagnosis. The
average length of survival was 42.76 months.
Enzyme linked immunosorbent assays
(ELISAs)
ELISAs were performed according to the manufacturer’s instructions (Abcam, Cambridge, MA,
USA). Briefly, the standards for IL-17 were prepared with a two-fold dilution series (2000 pg/
ml to 31.25 pg/ml). Wash buffer and substrate
solutions were prepared according to the manufacturer’s instructions. Assay diluent for the
samples and standards to each well and incubated the plates for 3 h at room temperature
(RT). Each well was then aspirated to eliminate
any unbound IL-17 and washed three times.
Afterwards, the IL-17 antibody was added to
each well, the mixture was incubated for 1 h at
RT, and the wells were washed three times. The
substrate solution was then added to each well
and incubated for 30 min at RT in the dark.
Finally, the stop solution was added, and the
absorbance was read by a BioTek synergy 2
plate reader at 450 nm and 540 nm (540 nm
used for correlation). The standard curve of
known concentrations was used for reference.
We performed all assays in duplicate for each
sample.
Tissue sections and staining
We cut the tissue samples into 4-μm sections.
Some of the sections were stained with H&E for
diagnosis and histopathological examination,
while the remaining sections were prepared for
IHC studies.
Immunohistochemistry
For the IHC studies, the tissue samples were
first dehydrated and embedded in paraffin
using routine procedures and subsequently
deparaffinized and rehydrated. Antigen retrieval was carried out by pressure cooking in EDTA
for 3 min at 100°C. The sections were blocked
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Figure 1. IL-17 and pan-cytokeratin expression in oral squamous cell carcinoma (OSCC) tissues. A. IL-17 levels in
tumor tissues, tumor margins, and normal tissues evaluated by ELISA. B. Left: Immunohistochemistry staining of
pan-cytokeratin in high-grade tumor budding; black arrows indicate tumor budding. Right: Low-grade tumor budding. C. Immunohistochemistry staining of IL-17 showing high and low expression levels in the tumor invasion front.
D. The IL-17 expression was significantly elevated in tumor tissues and tumor margins compared with that in normal
tissues. ****P < 0.001.

with 3% peroxidemethanol for endogenous peroxidase ablation at RT, followed by blocking of
non-specific binding sites at 37°C with a 1:100
dilution of goat serum in phosphate buffered
saline. Subsequently, the sections were incubated with anti-pan-cytokeratin and IL-17 antibodies (Abcam, Cambridge, MA, USA) overnight
at 4°C. After incubation with a biotinylated secondary antibody and repeat washing, the reactions for pan-cytokeratin and IL-17 were visualized using 3,3-diaminobenzidine.
Evaluation of tumor budding and IL-17 expression
Two head and neck pathologists who were blind
to the clinical data reviewed and scored the
intensity of budding on the tissue sections.
Following previous studies [7, 12], we defined
tumor budding as the presence of a single cell
or a cluster of no more than five cancer cells at
the TIF. Initially, the sections were scanned with
a 4× objective lens to choose the fields with the
highest density of budding. Then, the number
of budding sites was counted under a 20×
objective lens. If the two pathologists counted
different numbers of budding sites in a given
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field, they examined the specimen together and
reached a consensus. In accordance with previous reports [9], we set the tumor budding grading cut-off at five and categorized the specimens into two groups: low-grade tumor budding
(0-4 budding sites per field) and high-grade
tumor budding (≥ 5 budding sites per field).
The evaluation of IL-17 expression was semiquantitative. Five fields from each sample were
randomly selected for evaluation using the
Aperio ImageScope software (Leica Biosystems
Inc., IL, USA). We used five grades to score the
immunoreactive intensity: 0 = negative; 1 =
weak; 2 = moderate; 3 = strong; 4 = very strong.
In addition, we separated the proportions of
positive cells into five grades: 0: < 5%; 1: 6-25%;
2: 26-50%; 3: 51-75%; 4: > 75%. We considered
the patients with an overall IL-17 expression
score ≤ 6 to have low IL-17 expression and
those with an overall IL-17 expression score > 6
to have high IL-17 expression. Finally, we classified the patients with high-grade tumor budding
and high IL-17 expression as high IL-17 with
tumor budding group, and all the rest cases
were defined as the low group.
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Table 1. Correlations between tumor budding, IL-17 expression,
and clinical variables
Characteristics
Sex
Male
Female
Age
≥ 48
< 48
T classification
T1-2
T3-4
Lymph node metastasis
N0-1
N2-3
Distant metastasis
No
Yes
Clinical stage
I-II
III-IV
Recurrence
No
Yes

Tumor
budding (n)
Low High
p

IL-17 with tumor
budding (n)
Low High
p

62
18

29
10

33
8

0.512

35
12

45
35

23
16

22
19

0.632

29
18

42
38

25
14

17
24

0.043* 29
18

46
34

28
11

18
23

0.012* 33
14

66
14

36
3

30
11

0.024* 43
4

44
36

27
12

17
24

0.013* 36
11

48
32

28
11

20
21

0.036* 33
14

Total

*P < 0.05.

Statistical analysis
We evaluated the correlation between IL-17
expression and tumor budding by Spearman
correlation analysis. The Fisher’s exact and chisquare test were used to estimate the correlations among gender, age, T classification, lymph
node metastasis, distant metastasis, clinical
stage, recurrence, tumor budding, and IL-17positive tumor budding. We obtained survival
curves using the Kaplan-Meier method and the
log-rank test. We examined the relationships
between clinicopathological features and survival by multivariate analysis using a Cox proportional hazard regression model. SPSS software (version 23.0, IBM, Chicago, IL, USA) was
used for all statistical analyses, and a p value <
0.05 indicated statistical significance.
Results
IL-17 expression differed between tumor and
normal tissues
The IHC results showed that IL-17 expression in
the OSCC tumors and margins was significantly
1879

27
6

0.438

higher than that in the normal
control tissues, (P = 0.023
and P = 0.015, respectively;
Figure 1A-D).
The intensity of IL-17 expression and tumor budding correlated with clinicopathologic
features

Among the 80 patients, 39
(48.75%) exhibited low-grade
tumor budding and 41
(51.25%) exhibited high-grade
13 0.049*
tumor budding (Figure 1B).
20
There was a positive correlation between the degree of
IL-17 expression and the
13 0.006*
grade of tumor budding (R =
20
0.462; P < 0.001). Forty-seven
(58.75%) of the patients had
23 0.013*
low IL-17 expression, while the
10
other 33 patients (41.25%)
had high IL-17 expression
8 < 0.001*
(Figure 1D). The associations
25
of clinicopathologic features
with tumor budding and IL-17
expression are summarized in
15 0.026*
Table 1. There were no effects
18
of gender or age on the grade
of tumor budding or on IL-17
combined with tumor budding.
However, the grade of tumor budding was associated with T classification (P = 0.043), lymph
node metastasis (P = 0.012), distant metastasis (P = 0.024), clinical stage (P = 0.013), and
recurrence (P = 0.036). Similarly, IL-17 with
tumor budding was significantly associated
with T classification (P = 0.049), lymph node
metastasis (P = 0.006), distant metastasis (P =
0.013), clinical stage (P < 0.001), and recurrence (P = 0.026).
16
17

0.241

IL-17 combined with tumor budding was associated with poor prognosis
To further estimate the prognostic value of
IL-17-positive tumor budding in OSCC, we surveyed overall survival (OS) among all the participants. The 5-year OS rate was higher (P =
0.001) among the patients with low-grade tumor budding (92.3%) than among the patients
with high-grade tumor budding (51.2%; Figure
2). The 5-year OS rate was 93.6% among the
patients in low IL-17 with tumor budding group,
as compared with 36.4% among the patients in
high group (Figure 2). Furthermore, the mean
Am J Transl Res 2019;11(3):1876-1883
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Figure 2. The relationship between tumor budding levels and survival. Left: The overall survival was longer among
the patients with low-grade tumor budding than among those with high-grade tumor budding (P = 0.001). Right: The
overall survival was slightly longer among the patients without IL-17-positive tumor budding than among those with
IL-17-positive tumor budding (P = 0.008).

Table 2. Cox proportional hazard models for overall
survival prediction
Characteristics
Sex
Age
T classification
Lymph node metastasis
Distant metastasis
Clinical stage
Recurrence
Tumor budding
IL-17 with tumor budding

Multivariate analysis
HR
95% CI
P
0.538 0.203-1.427
0.213
1.542 0.601-3.955
0.368
2.751 0.967-7.826
0.058
1.857 0.600-5.743
0.283
3.222 1.009-10.290 0.048*
1.443 0.355-5.860
0.608
4.423 1.137-17.212 0.032*
4.347 1.126-16.776 0.033*
4.800 1.280-18.002 0.020*

*P < 0.05.

OS duration among the patients without high
IL-17 with tumor budding was 58.35 months
(95% CI: 55.49-61.20), while that among the
patients in high group was 35.62 months (95%
CI: 31.90-39.33; P = 0.008). The multivariate
analysis using the Cox proportional hazard
regression model showed that IL-17-positive
tumor budding was associated with poor prognosis (P = 0.02). In contrast, other clinicopathologic variates such as gender, age, T classification, and lymph node metastasis were not
associated with OS (P ≥ 0.05; Table 2).
Discussion
This retrospective study revealed that tumor budding located in the TIF was positively
correlated with IL-17 expression in the adjacent
stroma. Excessive expression of IL-17 and highgrade tumor budding were both predictive of
poor survival in OSCC. Previous reports have
seldom focused on the underlying mechanisms
of tumor budding, while some works simply
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reported the numbers of tumor budding
sites in OSCC [7, 12, 13]. Our results suggest that IL-17 expression interacts with
tumor budding in the TIF.
Our findings support previous results
showing that IL-17 was overexpressed in
the tumor-stroma interface [20]. IL-17 promotes the generation of many other chemokines (IL-8, MCP-1, and GRO-α), cytokines (such as IL-6, IL-1β, TGF-β, G-CSF,
GM-CSF, and TNF-α), and prostaglandins
(e.g., PGE2) and thus influences the initiation and progression of many autoimmune
disorders [24]. Recently, the role of IL-17
was investigated in several cancer types
[16-19]. The role of IL-17 in malignancies is
controversial, however, because both antitumor and pro-tumor effects have been documented. There is accumulating evidence that
IL-17 has a positive impact on the carcinogenesis and progression of tongue cancer and
OSCC [21]. As one of the most critical proinflammatory cytokines in the tumor microenvironment, IL-17 has been recognized as having a
stimulating effect on the epithelial-mesenchymal transition (EMT) of gastric cancer stem
cells [25]. Considering that tumor budding was
correlated with EMT-like changes in OSCC [26],
as well as our current findings, it is reasonable
to hypothesize that one of the effects of IL-17 is
to promote the formation and progression of
tumor budding. Previous results suggest that
the tumor stroma is crucial in the formation of
tumor budding and that the presence of inflammatory cells is associated with tumor budding
[27-31]. Together with those previous results,
our data shed new light on the molecular mechanisms underlying tumor budding and the affin-
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ity between the inflammatory tumor microenvironment and tumor budding.
The prognostic value of IL-17-positive tumor
budding in OSCC is supported by previous studies [12]. High-grade tumor budding in OSCC implies a high risk of poor prognosis. We combined IL-17 and tumor budding together as a
single factor in our analysis. Correlation analysis showed that IL-17-positive tumor budding
was significantly associated with T classification, lymph node metastasis, distant metastasis, clinical stage, and recurrence. Thus, our
results provide additional evidence that IL-17
together with tumor budding can act as an independent prognostic marker in multivariate
analysis.
Tumor budding is defined as single cell or small
clusters of tumor cells separated from the main
tumor mass [32-34]. Tumor budding was characterized first in colon cancers [8, 34] and subsequently in other tumor types such as breast,
pancreatic, esophagus, and larynx cancers [29,
32, 33, 35-39]. Tumor budding in the initial
metastatic process has EMT-like features [27,
34], which confers a strong invasive ability on
the budding cells, leading to unfavorable
effects on patient survival [37, 40, 41]. In addition, tumor budding is associated with aberrations of E-cadherin and loss of the expression
of epithelial cell adhesion molecules, which
contributes to the loss of intercellular adhesions [42]. Moreover, tumor budding is closely
related to local metastasis. All of those features of tumor budding may contribute to the
poor prognosis associated with high-grade
tumor budding. In several types of cancer [21,
22, 25], IL-17 has been shown to induce proinvasive factors and to promote the invasion of
cancer cells. Furthermore, STAT3 phosphorylation was up-regulated in patients with elevated
IL-17 expression [43], suggesting that STAT3
signaling might be activated by IL-17. The correlation between tumor budding and aggressive phenotypes and the close relation between
tumor budding and IL-17 suggest that the IL-17STAT3 pathway may play a role in the biological
process of tumor budding, which may explain
how IL-17 with tumor budding acts as a prognostic marker in OSCC.
There were some limitations in our study. Our
sample of OSCC patients was not large enough,
which might have affected the results of the
1881

Cox proportional hazard regression model.
Therefore, more prospective studies are needed. In subsequent studies, efforts should be
focused on elucidating the role of IL-17 in the
development of tumor budding as well as on
the genetic background of tumor budding.
In conclusion, we found enhanced expression
of IL-17 in the tumor and tumor margins, which
was positively associated with tumor budding
in the TIF. In addition, IL-17 combined with
tumor budding was an independent predictor of
prognosis for patients with OSCC.
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