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Abstract. Background/Aim: This study was conducted to
investigate transforming growth factor beta-induced protein
(TGFBI) expression and analyze the clinical and prognostic
significance of TGFBI in oropharyngeal squamous cell
carcinoma (OPSCC). Patients and Methods: We evaluated
TGFBI expression by immunohistochemistry in 94 patients
with OPSCC. For comprehensive analysis, TGFBI
expression was subdivided into tumor cell score (T), stroma
score (S), and the sum of two scores (TS) calculated using
H-score. Clinicopathological features and survival outcomes
were compared between groups of high expression and low
expression of TGFBI in each area. Results: Overall, 12
patients (12.8%) showed high T score, and 41 patients
(43.6%) revealed high S score. Although T score showed no
significant difference both in overall survival (OS) (p=0.080)
and recurrence free survival (RFS) (p=0.272), high S score
patients had significantly worse OS (p=0.003) and worse
RFS (p=0.043). High TS score also showed significant
association with worse OS (p=0.011) and worse RFS
(p=0.021). High S score was an independent prognostic
factor predicting shorter OS (HR=6.352, 95%CI=1.206-
40.050, p=0.029) and RFS (HR=18.843, 95%CI=1.030-
344.799, p=0.048) in the multivariate analysis. Conclusion:
High S score of TGFBI was a significant predictor of poor
prognosis in OPSCC. TGFBI could be a useful new
predictive and prognostic biomarker in OPSCC.
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Oropharyngeal squamous cell carcinoma (OPSCC) is a
distinct subtype of head and neck cancer that occurs in the
tonsil, base of tongue, and adenoids. OPSCC is known to be
related traditionally to tobacco smoking and alcohol, but the
incidence of human papilloma virus (HPV)-associated
OPSCC has increased in the last few decades (1-3). Despite
the advance in detection and therapies, the survival of
OPSCC has not significantly improved in the last decades
(4). OPSCC is a biologically heterogeneous disease and the
patients’ response to treatment is diverse. Although patients
with HPV-associated OPSCC tend to be younger and
respond better to treatment compared to HPV-negative
OPSCC (5), the factors affecting the prognosis and response
to treatment of patients with OPSCC have not been fully
elucidated. To improve clinical outcomes, new biomarkers
and therapeutic targets that help to identify patients who are
at the highest risk for poor outcomes are urgently needed.
Transforming growth factor beta-induced protein (TGFBI),
also known as Pig-H3, is a secretory extracellular matrix
protein induced by TGF-f3 that mediates cell adhesion to
extracellular proteins such as collagen, fibronectin, and laminin
through integrin binding (6). TGFBI plays a role in
morphogenesis, cell adhesion, migration, differentiation,
inflammation, tumorigenesis and metastasis (7). Recently,
researchers have studied the role of TGFBI in different types
of tumors, with varying results. Wang et al. (8) have reported
that TGFBI promotes tumor growth and is associated with poor
prognosis in oral squamous cell carcinoma. Unfortunately, little
is known about the exact role of TGFBI in OPSCC, and the
clinical and prognostic implication remains unclear so far.
The aim of this study was to evaluate TGFBI expression
and elucidate its role and clinical or prognostic implications
in OPSCC. We evaluated TGFBI expression in 94 patients’
tissue samples by immunohistochemistry and analyzed its
prognostic value. In particular, we investigated TGFBI
expression in tumor cells, stroma, and the sum of tumor cells
and stroma, considering that TGFBI is an extracellular
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matrix protein. To the best of our knowledge, this is the first
study to analyze TGFBI expression levels in OPSCC
comprehensively, considering intensity and proportion of
expression in both tumor cells and stromal components.

Patients and Methods

Patients. A series of 94 patients who had been diagnosed of OPSCC
at the Kyungpook National University Hospital and Kyungpook
National University Chilgok Hospital in Daegu, Korea between
2006 and 2013 were included in this study. Histologic review was
performed by two experienced pathologists (J.Y.J. and T.I.P.) based
on the 4th edition of WHO classification. A retrospective review of
the medical records and pathologic reports was also conducted.
Pathologic staging of the tumor was re-evaluated according to the
8th edition of the Union for International Cancer Control
(UICC)/American Joint Committee on Cancer (AJCC) Staging
Manual. Only patients with available of medical records and
sufficient tissue sections from formalin-fixed paraffin-embedded
(FFPE) tissue were enrolled. The study protocol was approved by
the institutional review board at Kyungpook National University
Chilgok Hospital (approval no.: KNUCH 2018-08-029).

TGFBI immunohistochemistry. The expression of TGFBI was
assessed using immunohistochemical staining. Immunostaining for
TGFBI (clone: EPR12078(B)) (Abcam, Cambridge, UK) was
conducted using standard autostaining protocols. Briefly, each 4-um
tumor sections cut from FFPE was deparaffinized and pretreated for
cell conditioning and antigen retrieval, and immunohistochemical
staining for TGFBI was performed using Ventana BenchMark XT
autoimmunostainer (Roche Ventana, Tucson, AZ, USA) according
to the manufacturer’s protocol. The incubation time was 30 min.

Scoring TGFBI expression. Two pathologists (J.Y.J. and T.I.P)
evaluated the score of TGFBI expression independently and unaware
of the outcomes of patients. The immunohistochemical results were
graded semiquantitatively using an H-score by considering both the
staining intensity (intensity score, IS) and the percentage of positive
cells or area (proportion score, PS). The IS was assessed using a four-
value scoring system with the following scale: O (no staining), 1
(weak), 2 (moderate), and 3 (strong). While the PS was scored as the
percentage of positive cells or area (0-100%). A final H-score was
calculated by multiplying the IS (0-3) and the PS (0-100), resulting in
a range of 0 to 300. The median value of all H scores was chosen as
the cutoff value to separate low and high expression levels of TGFBI.
Disagreements, if any, were resolved through a simultaneous review
on a multi-head microscope, and a consensus was achieved. The
scoring of TGFBI expression was evaluated in both tumor cells (T,
low vs. high) and stroma (S, low vs. high). The sum of T score and S
score (TS, 0-2) was also calculated. Representative images of various
intensities of TGFBI expression are shown in Figure 1.

Statistical analysis. We used chi-square or Fisher's exact test for
comparisons of categorical variables and TGFBI expression. We
defined duration of recurrence-free survival (RFS) as the interval
from the time of the first surgery to the time of any relapse of
disease, and duration of overall survival (OS) as the interval from
the time of the first surgery to the time of death or the time of the
last follow-up. The survival rates for RFS and OS were estimated
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using the Kaplan—-Meier method, and the survival curves were
compared using the log-rank test. The Cox proportional hazards
regression model was used for multivariate survival analyses. The
hazard ratio (HR) and 95% confidence interval (CI) were estimated.
A p-value of less than 0.05 was considered to indicate statistically
significant differences. All statistical analyses were undertaken on
SPSS version 25.0 (IBM Corporation, Armonk, NY, USA).

Results

Patients characteristics. The clinical characteristics of the 94
eligible patients are summarized in Table I. The median age was
62.5 years (range=37-89 years), and the proportion of men (86,
91.5%) were notably higher than women (8, 8.5%). Seventy
patients (74.5%) were current smokers or ex-smokers, and 24
patients (25.5%) were never smokers. The most common
anatomical subsite of the tumor was tonsil in 56 patients
(59.6%), and other sites included soft palate, back wall of the
throat, and base of tongue in 38 patients (40.4%). Thirteen
patients (13.8%) were stage I-1I, and 81 patients (86.2%) were
stage III-IV at the time of diagnosis according to the TNM
stage. Tumor grade was classified as well-differentiated in 4
patients (4.3%), moderately differentiated in 81 patients
(86.2%), and poorly differentiated in 9 patients (9.6%). HPV
was positive in 40 patients (42.6%) and the remaining 54
patients (57.4%) were HPV-negative. 57 patients (60.6%)
received concurrent chemoradiotherapy (CCRT), 11 patients
(11.7%) received surgery + radiotherapy (RTx) + chemotherapy
(CTx), and 26 patients (27.7%) underwent only surgery.

TGFBI expression in OPSCC and association between PD-
L1 expression and clinicopathological characteristics.
Ninety-four patients with OPSCC were analysed and the
clinicopathological characteristics are shown in Table I. The
results of TGFBI expression by immunohistochemistry are
shown in Table II. The median value of TGFBI expression
in tumor cells (T score) was 90 (range=0-300), and the
median value of TGFBI expression in stroma (S score) was
180 (range=0-300). Patients were dichotomized into high and
low expression by the median H score of TGFBI expression.
Overall, 12 patients (12.8%) showed high T score and 41
patients (43.6%) revealed high S score. TS score, which was
the sum of T and S scores, was classified as follows: high
expression (score 2) in 11 patients (11.7%), intermediate
expression (score 1) in 31 patients (33.0%), and low
expression (score 0) in 52 patients (55.3%). The relation
between clinicopathological features and TGFBI expression
is also shown in Table II. No significant association was
found between T, S, and TS scores of TGFBI expression and
clinicopathological features of the patients (all p>0.05).

Survival analysis. The median follow-up duration was 31
months (range=1-169 months). T score of TGFBI expression
showed no significant difference both in OS (p=0.080,
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Figure 1. Representative images of TGFBI expression in oropharyngeal squamous cell carcinoma. The immunohistochemical staining shows various
intensities for TGFBI in tumor cells and stroma. (A-D) The intensity scores of 0 (no staining), 1 (weak), 2 (moderate), and 3 (strong) in tumor cells
are shown in order. (E-H) The intensity scores of 0, 1, 2, and 3 in stroma are shown in order (x100).

Figure 2A) and RFS (p=0.272, Figure 2B). However, significant association with worse OS (p=0.011, Figure 2E)
patients with high S score had significantly worse OS  and worse RFS (p=0.021, Figure 2F).

(p=0.003, Figure 2C) and worse RFS (p=0.043, Figure 2D) To get further insights on the value of TGFBI expression as
than those with low S score. High TS score also showed a predictive and prognostic biomarker in OPSCC, univariate

3007



in vivo 34: 3005-3012 (2020)

Table 1. Clinicopathological characteristics

oropharyngeal cancer.

of 94 cases of

Characteristics No of patients
n=94 (%)

Age

<60 years 34 (36.2)

=60 years 60 (63.8)
Gender

Male 86 (91.5)

Female 8 (8.5)
Smoking

Never smoker 24 (25.5)

Current or ex-smoker 70 (74.5)
Location

Tonsil 56 (59.6)

Others 38 (40.4)
T stage

T1-2 69 (73.4)

T3-4 25 (26.6)
N stage

NO 15 (16.0)

N1-3 79 (84.0)
AJCC stage (8th edition)

1-11 13 (13.8)

1I-1v 81 (86.2)
Grade

Well 4(43)

Moderately 81 (86.2)

Poorly 9 (9.6)
HPV status

Negative 54 (574)

Positive 40 (42.6)
Treatment

CCRT 57 (60.6)

Surgery + RTx + CTx 11 (11.7)

Surgery only 26 (27.7)

HPV: Human papillomavirus; CCRT: concurrent chemoradiotherapy;
RTx: radiotherapy; CTx: chemotherapy.

and multivariate analyses were performed (Table III). In the
multivariate analysis, high S score of TFGBI expression was
an independent risk factor of OS (HR=6.352, 95%CI=1.206-
40.050, p=0.029) along with tumor location. Regarding RFS,
tumor grade was the only definite independent risk factor in
multivariate analysis (p=0.004). High S score of TGFBI
expression was also thought to be a risk factor for RFS
(HR=18.843, 95%CI=1.030-344.799, p=0.048) in multivariate
analysis, although it showed a trend to be associated with
shorter RFS (HR=4.586, 95%CI=0.915-22.970, p=0.064) in
the univariate analysis.

Discussion

This study evaluated the impact of TGFBI expression on the
outcome of OPSCC patients. We analyzed TGFBI expression
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comprehensively according to the location of the expression
by subdividing TGFBI expression into tumor cells and stromal
component and investigating the association between TGFBI
expression and clinicopathological and prognostic features.
Recently, many studies have reported on the role of TGFBI in
various types of tumors. Several studies have shown that
TGFBI acts as a tumor promoter in ovarian cancer (9),
esophageal squamous cell carcinoma (10), renal cell
carcinoma (11), melanoma (12), lung squamous cell
carcinoma (13), glioblastoma (14), colon cancer (15), and lung
adenocarcinoma (16). Conversely, few studies have reported
that TGFBI acts as a tumor suppressor in leukemia (17),
mesothelioma (18, 19), breast cancer (18, 20), and lung cancer
(20). Moreover, Ween et al. (21) have reported that TGFBI
could have two opposite roles in ovarian cancer by acting as
either a tumor promoter or suppressor. Several studies have
been conducted on the molecular or biological mechanism by
which TGFBI affects tumors, and the results are also
controversial. Accumulating evidence has suggested that
TGFBI and TGF-f signaling pathways play a dual role as
tumor promoters or suppressors (21-23). Thapa et al. (7) have
also reported that TGFBI could act as a barrier for preventing
the spread of tumor cells, as well as a reservoir for cell-
binding proteins and growth factors. Regarding its function as
a tumor promoter, Ma et al. (24) have reported that TGFBI
promotes metastasis of colon cancer by enhancing cell
extravasation. On the contrary, Wen et al. (19) have reported
that TGFBI acts as a tumor suppressor through the Akt/mTOR
pathway. Son ef al. (25) and Nam et al. (26) have suggested
that TGFBI has anti-angiogenic and anti-tumor effects.
Research on the function of TGFBI in OPSCC has so far
been very rare. Wang et al. (8) have investigated the role of
TGFBI in oral squamous cell carcinoma and reported that
TGFBI is associated with poor prognosis. Even though Wang
et al. conducted a study using both cell lines and 52 patients’
tissue samples, they evaluated TGFBI expression only in
tumor cells. Considering that TGFBI is an extracellular
matrix protein, we comprehensively analyzed the expression
of TGFBI in both tumor cells and stroma and graded its
expression semiquantitatively using H-score, which
combines both intensity and proportion of the expression.
In the present study, we demonstrated that high S score and
TS score of TGFBI were significantly associated with worse
outcomes in both OS (S score, p=0.003 and TS score,
p=0.011) and RFS (S score, p=0.043.and TS score, p=0.021).
Although both S score and TS score of TGFBI were thought
to have prognostic implication in the Kaplan—Meier survival
curve, the S score defined better prognostic subgroups than
TS score. We, therefore, further performed univariate and
multivariate analyses including the S score of TFGBI
expression. Notably, high S score of TFGBI was an
independent prognostic factor predicting shorter time to both
death (HR=6.352, 95%CI=1.206-40.050, p=0.029) and
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Table II. Association of TGFBI expression with clinicopathological characteristics.

Characteristics TGFBI expression in tumor (T) TGFBI expression in stroma (S) TGFBI expression in tumor
and stroma (TS)
High Low p-Value  High Low p-Value High Intermediate Low p-Value
n=12 n=82 n=41 n=53 n=11 n=31 n=52
(12.8) (87.2) (43.6) (56.4) (11.7) (33.0) (55.3)
Age
<60 years 3(25.0) 31 (37.8) 0.389 17 (41.5) 17 (32.1)  0.348 3(273) 14452 17 (32.7) 0420
=60 years 9(75.0) 51(62.2) 24 (58.5)  36(67.9) 8(72.7) 17 (54.8) 35 (67.3)
Gender
Male 12 (100) 74 (90.2) 0258 39(95.1) 47(88.7) 0267 11 (100) 29 (93.5) 46 (88.5)  0.406
Female 0 (0) 8 (9.8) 2(4.9) 6 (11.3) 0 (0) 2 (6.5) 6 (11.5)
Smoking
Never smoker 3(250) 21(25.6) 0964  9(22.0) 15(283) 0484 2(8.3) 8(25.8) 14 (269)  0.832
Ever smoker 9(75.0) 61 (744) 32(78.0) 38 (71.7) 9(81.8) 23(74.2) 38 (73.1)
Location
Tonsil 6(50.0) 50 (61.0) 0469 25(61.0) 31(585) 0.808 6 (54.5) 19 (61.3) 31(59.6) 0926
Others 6 (50.0) 32 (39.0) 16 (39.0) 22 (41.5) 5(455) 12(38.7) 21 (40.4)
T stage
T1-2 9(75.0) 60 (73.2) 0.893 33 (80.5) 36(679) 0.172 9 (81.8) 24 (77.4) 36 (69.2) 0572
T3-4 3(25.0) 22(26.8) 17 (32.1) 8 (19.5) 2(18.2) 7 (22.6) 16 (30.8)
N stage
NO 2 (16.7) 10 (83.3) 0943  8(19.5) 7(132) 0408 1(9.1) 8(25.8) 6 (11.5) 0.184
N1-3 10 (833) 69 (84.1) 33 (80.5) 46 (86.8) 10 (90.9) 23(742) 46 (88.5)
AJCC stage (8th edition)
I-1I 1(8.3) 12 (14.6) 0.555 6 (14.6) 7(132) 0843 1(9.1) 5(16.1) 7(135) 0.839
1I-1v 11 (91.7) 70 (85.4) 35(854) 46 (86.8) 10 (90.9) 26 (83.9)  45(86.5)
Grade
Well 0 (0) 4(4.9) 0517 249 2 (3.8) 0.788 0 (0) 2 (6.5) 2(3.8) 0.926
Moderately 10 (833) 71 (86.6) 36 (87.8) 45849 10 (90.9) 26 (83.9) 45 (86.5)
Poorly 2 (16.7) 7 (8.5) 3(7.3) 6 (11.3) 19.1) 309.7) 5(9.6)
HPV status
Negative 9(75.0) 45 (54.9) 0.188 26(63.4) 28(52.8) 0.303 8(72.7) 19 (61.3) 27 (519)  0.389
Positive 3 (25.0) 37 (45.1) 15(36.6) 25(47.2) 3(27.3) 12(38.7) 25 (48.1)
Treatment
CCRT 8 (66.7) 49 (59.8) 0.615 26(634) 31(585) 0.841 7(63.6) 20 (64.5) 30 (57.7)  0.766
Surgery + RTx + CTx 2 (16.7) 9 (11.0) 4(9.8) 7(13.2) 2(18.2) 2 (6.5) 7 (13.5)
Surgery only 2(16.7) 24 (29.3) 11 (26.8) 15 (28.3) 2(18.2) 9 (29.0) 15 (28.8)

HPV: Human papillomavirus; CCRT: concurrent chemoradiotherapy; RTx:

recurrence (HR=18.843, 95%CI=1.030-344.799, p=0.048) in
the multivariate analysis. Wang et al. (8) have reported that
high TGFBI expression in oral squamous cell carcinoma was
significantly associated with higher tumor stage, which
implies that TGFBI was related to the development and poor
prognosis of oral squamous cell carcinoma. However, Wang
et al.’s study differs from the present study and has the
limitations that it was conducted on oral squamous cell
carcinoma, not OPSCC, which is a distinct entity, and no
analysis of patients’ survival was performed. Our results
suggest that high expression of TGFBI in stroma contributes
to poor outcomes and TGFBI could be a new prognostic
biomarker in OPSCC. Further studies should investigate the
molecular and biological mechanisms underpinning the

radiotherapy; CTx: chemotherapy.

aggressive behaviors and poor outcomes of patients with high
TGFBI expression in OPSCC.

Our study has some limitations. First, the number of
participants included in the study was relatively small since only
94 patients remained eligible for investigation when considering
only those with available tissue samples. Second, because this is
a retrospective study in a single center, the results could
potentially have been influenced by selection bias. Further multi-
center studies are needed to validate the clinical and prognostic
significance of TGFBI in OPSCC. Third, we included patients
who were diagnosed with OPSCC from 2006 to 2013 for the
survival analysis, which means that the relatively old tissue
samples could have affected the results of immunohistochemistry
even though we made an effort to control the quality of FFPE
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Figure 2. Kaplan—Meier survival curves for overall survival (OS) and recurrence free survival (RFS) according to TGFBI expression. Survival
curves for OS (A) and RFS (B) according to T score, OS (C) and RFS (D) according to S score, and OS (E) and RFS (F) according to TS score of
TGFBI are shown. T: Expression score in tumor cells; S: expression score in stroma; TS: sum of T and S score. p-Values by log-rank test.
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Table III. Univariate and multivariate analysis for overall survival and recurrence-free survival.

Overall survival

Recurrence free survival

Variables Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
HR p-Value HR p-Value HR p-Value HR p-Value
(95%CI) (95%CI) (95%CT) (95%CT)
Age 0.611 0.701
=60 years vs. <60 years (0.201-1.858) 0.386 (0.171-2.872) 0.622
Gender 0.043 0.043
Female vs. Male (0.000-423.234)  0.503 (0.000-2600.419)  0.575
Smoking 1.404 1.274
Ever smoker vs. Never smoker (0.385-5.122) 0.607 (0.256-6.355) 0.767
Location 6.365 7.119 1.144
Other sites vs. Tonsil (1.737-23.329)  0.005* (1.265-40.050) 0.026*  (0.271-4.839) 0.855
T stage 2.007 0.543
HI-IV vs. I-11 (0.583-6.914) 0.270 (0.065-4.518) 0.572
N stage 3.111 1.946
I-III vs. O (0.403-24.000)  0.276 (0.239-15.850) 0.534
AJCC stage (8t edition) 2.617 1.605
HI-IV vs. I-1T (0.340-20.175)  0.356 (0.197-13.068) 0.658
Tumor grade 0.386 0.109 0.014
Moderately vs. Well (0.081-1.853) 0.235 (0.025-0.481)  0.003*  (0.001-0.247)  0.004*
Poorly vs. Well 0.330 0.000
(0.028-3.910) 0.380 (0.000-0.000) 0.982
HPV 0.614 0.927
Positive vs. Negative (0.200-1.890) 0.395 (0.231-3.726) 0915
TGFBI 7.261 6.352 4.586 18.843
S High vs. Low expression (1.597-33.015)  0.010*% (1.206-33.447) 0.029*  (0.915-22.970) 0.064  (1.030-344.799) 0.048%*
Treatment 0.633 2.395
Surgery + RTx + CTx vs. CCRT  (0.080-5.012) 0.665 (0.454-12.641) 0.304
Surgery only vs. CCRT 0.617 0.632
(0.124-3.072) 0.555 (0.062-6.467) 0.699

HR: Hazard ratio; CI: confidence interval; HPV: human papillomavirus; CCRT: concurrent chemoradiotherapy; RTx: radiotherapy; CTx: chemotherapy.
HRs, 95%Cls and their corresponding p-values were calculated using Cox proportional hazard models. *Statistically significant, p<0.05.

samples. Fourth, our study was conducted using only clinical
patients’ samples, which means further studies for defining the
biological mechanisms are needed.

In conclusion, high S score of TGFBI was significantly
associated with poor outcomes in OPSCC. Our results
suggest that TGFBI could be a useful predictive and
prognostic biomarker in OPSS patients. Further large-scale
studies and investigations of the underlying biological
mechanisms for the poor outcome are necessary to establish
the definite role of TGFBI in OPSCC.
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