
Abstract. Background/Aim: Oropharyngeal squamous cell
carcinoma (OPSCC) could be clinically undetectable despite
the relatively large size of lymph node metastases. Here, we
aimed to elucidate the correlation of p16 expression with
epithelial-to-mesenchymal transition (EMT) markers.
Patients and Methods: Radically resected 121 OPSCC and
270 non-OPSCC tissue samples were included in the analysis,
and p16, Twist, and Snail/Slug immunohistochemistry was
performed. Results: Compared to non-OPSCCs, OPSCCs
were significantly associated with lymphovascular invasion,
lymph node metastasis, larger maximal diameter of metastatic
foci in the lymph nodes, and p16 expression. In addition, p16
expression correlated with high Twist and Snail/Slug
expression. Conclusion: Expression of EMT markers, such as
Twist and Snail/Slug, is related to p16 expression in OPSCC.
This might indicate that HPV infection in OPSCCs alters the
expression of EMT markers and results in metastases.

Squamous cell carcinoma is the most common histologic
subtype of head and neck cancer and accounts for 95% of
all cases (1). Head and neck squamous cell carcinomas
(HNSCCs) exhibit different characteristics depending on the
anatomical location. Most oropharyngeal SCCs (OPSCC)
are related to human papilloma virus (HPV) infection (2, 3).
OPSCC is frequently characterized by lymph node

metastasis before the detection of the primary tumor (4-6).
Although lymph node metastases are large, primary OPSCC
tumors are smaller and may be clinically undetectable (4,
5). As a result, a “No tumor identified” (T0) stage, was
introduced in the American Joint Committee on Cancer
(AJCC) 8th edition for HPV-positive oropharyngeal cancer
(7). However, the exact mechanism underlying this
paradoxical phenomenon is not clearly understood.
Considering that lymph node metastasis is a major risk
factor related to poor outcomes in OPSCC patients,
identification of the underlying mechanism associated with
HPV infection may reveal potential strategies for managing
lymph node metastasis in these patients. 

Epithelial-to-mesenchymal transition (EMT) is known to
be involved in tumor invasion and metastasis (8, 9).
Repression of E-cadherin and induction of N-cadherin are
regulated by transcription factors, such as Snail and Twist
(10). The expression of Twist and Snail, which are associated
with tumor size, distant metastasis, and patient survival, has
been reported in various cancers, such as breast cancer,
pharyngeal squamous cell carcinoma, and colorectal
carcinoma (11-14). According to several studies, EMT might
be associated with tumor budding (15-17). 

In this study, we investigated the relationship among p16
expression, EMT markers, such as Twist and Snail, and
tumor bud formation in the context of lymph node metastasis
in OPSCC. 

Patients and Methods

Patient selection and clinical information. Tissue specimens from
121 consecutive patients with OPSCC that underwent curative
surgical resection from 2005 to 2012 at the Severance Hospital
Seoul, Republic of Korea, were used in this study. In addition, 270
consecutive non-OPSCC specimens were included as a control
group. For accurate evaluation of immunohistochemistry (IHC),
exclusion criteria were as follows: decalcified specimens, too small
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sample size, cases with preoperative neoadjuvant therapy or those
with inadequate clinical information. 

Clinicopathologic factors, including patient’s age, sex, and tumor
size, were obtained from medical records. Pathologic factors,
including lymphovascular invasion, perineural invasion, pathologic
staging according to the 7th AJCC criteria (18), and tumor
classification by the World Health Organization system (19), were
determined via slide reviews by two pathologists (Y.A. Cho and
S.O. Yoon). Resection margin status was classified into R0 resected
and non-R0 resected cases. R0 resected cases, which made up
76.1% (300) of 391 cases were defined as those with
microscopically negative resection margins. 

Survival analyses was performed for R0 cases with completely
resected tumors, considering the negative effect of the positive
resection margin on patient survival (18). Overall survival (OS) was
measured from the date of initial diagnosis to that of death or the
last follow-up visit. Progression-free survival (PFS) was measured
from the date of initial diagnosis to that of disease progression,
defined as cancer recurrence, continuance of stable disease/partial
remission/progressive disease without complete remission, or
cancer-related death during the study period. The median follow-up
period was 37.1 months (range=0.8-99.6 months). This study was
approved by the Institutional Review Board of Severance Hospital
(4-2015-0954).

Tissue microarray preparation. Formalin-fixed and paraffin-
embedded tissue sections were prepared and stained with
hematoxylin and eosin (H&E). Representative tumor areas were
selected and confirmed by inspection under a microscope and used

for tissue microarray construction. Two or three different
representative areas per case were selected; core tissues (3 mm
diameter) were obtained from individual tissue blocks (donor
blocks) and arranged in recipient paraffin blocks (tissue array
blocks) using a trephine apparatus. 

IHC and interpretation. IHC was performed using a Ventana Bench
Mark XT autostainer (Ventana Medical Systems, Tucson, AZ, USA)
according to the manufacturer’s instructions. Primary antibodies for
p16 (ready to use; Ventana), Twist (dilution 1:200; Abcam,
Cambridge, UK), and Snail/Slug (dilution 1:200; Abcam) were used.

Twist and Snail/Slug IHC expression was analyzed using the
semi-quantitative H-score method, which yields a possible score
range of 0-300 (20) obtained by multiplying the dominant nuclear
staining intensity score (0, no staining; 1, weak or barely detectable
nuclear staining; 2, intermediate brown nuclear staining; 3, strong
dark brown nuclear staining) with the percentage (0-100%) of
positive cells. Conventionally accepted criteria were used for p16
IHC, wherein positivity was defined as the presence of strong and
diffused nuclear and cytoplasmic staining in >70% of HNSCC cells.
All other staining patterns were scored as negative (21).

Assessment of tumor budding in HNSCC. Representative slides of
391 HNSCC specimens were reviewed for tumor budding (Figure
1). However, H&E slides for 10 cases, one OPSCC and nine non-
OPSCCs, were not available for tumor budding evaluation. Tumor
budding is defined as the presence of single carcinoma cells or a
small cluster of cells (≤5 cells) located at the invasive front of
neoplastic epithelial tumors (22). Tumor budding was evaluated in
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Table I. Characteristic features of OPSCC and non-OPSCC.

Category                                                          Variables                  No. of cases                                     Anatomical site                                       p-Value
                                                                                                             (n=391)
                                                                                                                                               OPSCC (%)                      Non-OPSCC (%)                      
                                                                                                                                                   (n=121)                                 (n=270)                              

Gender                                                             Female                             97                    20                  (16.5)                 77                  (28.5)            0.011
                                                                         Male                               294                  101                  (83.5)               193                  (71.5)              
Age (year)                                                        <58                                 190                    57                  (47.1)               133                  (49.3)            0.694
                                                                         ≥58                                 201                    64                  (52.9)               137                  (50.7)              
Smoking                                                           Never smoker                151                    38                  (31.4)               113                  (41.9)            0.107
                                                                         Ex-smoker                        80                    25                  (20.7)                 55                  (20.4)              
                                                                         Current smoker              160                    58                  (47.9)               102                  (37.7)              
LVI                                                                   Negative                         315                    81                  (66.9)               234                  (86.7)          <0.001
                                                                         Positive                            76                    40                  (33.1)                 36                  (13.3)              
Perineural invasion                                         Negative                         337                  111                  (91.7)               226                  (83.7)            0.033
                                                                         Positive                            54                    10                    (8.3)                 44                  (16.3)              
Pathologic T stage                                           pT1-2                              321                  101                  (83.5)               220                (815)               0.635
                                                                         pT3-4                                70                    20                  (16.5)                 50                  (18.5)              
Tumor buddinga                                              Low                               226                    66                  (55.0)               160                  (61.3)            0.245
                                                                         High                               155                    54                  (45.0)               101                  (38.7)              
LNM                                                                Absent                            172                    23                  (19.0)               149                  (55.2)          <0.001
                                                                         Present                           219                    98                  (81.0)               121                  (44.8)              
Maximum size of metastatic foci (cm)b                                                168                           2.38±1.08                                 1.66±1.57                     0.001
p16 IHC                                                           Negative                         269                    29                  (24.0)               240                  (88.9)          <0.001
                                                                         Positive                          122                    92                  (76.0)                 30                  (11.1)              

OPSCC: Oropharyngeal squamous cell carcinoma; IHC: immunohistochemistry; LVI: lymphovascular invasion; LNM: lymph node metastasis.
aEvaluated in 381 cases; bEvaluated in 168 cases. Results are expressed as mean±standard deviation.



the areas of highest cell density under high magnification (400×)
(23). Cases with five or more buds were grouped as “high tumor
budding” and those with less than five buds were grouped as “low
tumor budding,” as previously described (22).

Statistical analysis. The chi-square test was used to analyze the
significance of differences among the examined variables. The
Student’s t-test was used for comparing variables, such as maximum
diameter of lymph node metastasis. A two-sided p<0.05 was
considered statistically significant. The Kaplan–Meier method was
used to analyze survival rates, and differences were compared using
the log-rank test. Statistical analyses were performed using IBM
SPSS 22 software for Windows (IBM Corp, Somers, NY, USA).

Results
Clinicopathologic characteristics of OPSCC in terms of
lymph node metastasis. OPSCC showed significantly
different clinical characteristics from non-OPSCCs in terms

of lymph node metastasis (Table I). OPSCCs were
significantly associated with lymphovascular invasion
(p<0.001), lymph node metastasis (p<0.001), and larger
maximal diameter of metastatic foci than non-OPSCCs
(p=0.001; Table I). As expected, OPSCCs were more
associated with p16 positivity than non-OPSCCs, as shown
by IHC (p<0.001; Table I).

Clinicopathologic characteristics of OPSCCs in conjunction
with p16 IHC status. High tumor budding (>5 buds) seemed
to be more frequently identified in p16-positive OPSCCs
than in p16-negative OPSCCs in IHC (p=0.015; Table II).
No significant correlation was observed between p16
positivity and other clinicopathologic variables, such as
lymph node metastasis. Furthermore, no significant
difference in clinicopathologic features associated with p16
positivity was reported for non-OPSCC (Table III).
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Figure 1. Tumor budding in HNSCC. Tumor budding is defined as the presence of single carcinoma cells or a small cluster of cells (≤5 cells) located
at the invasive front of neoplastic epithelial tumors.
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Table II. Clinicopathologic characteristics of OPSCC according to p16 IHC status.

Category                                                          Variables                  No. of cases                                     p16 IHC status                                        p-Value
                                                                                                             (n=121)
                                                                                                                                               Positive (%)                         Negative (%)                         
                                                                                                                                                    (n=92)                                   (n=29)                               

Gender                                                             Female                             20                    14                  (15.2)                   6                  (20.7)            0.567
                                                                         Male                               101                    78                  (84.8)                 23                  (79.3)              
Age (year)                                                        <58                                   57                    43                  (46.7)                 14                  (48.3)            0.885
                                                                         ≥58                                   64                    49                  (53.3)                 15                  (51.7)              
Smoking                                                           Never smoker                  38                    32                  (34.8)                   6                  (20.7)            0.184
                                                                         Ex-smoker                        25                    16                  (17.4)                   9                  (31.0)              
                                                                         Current smoker                58                    44                  (47.8)                 14                  (48.3)              
LVI                                                                   Negative                           81                    61                  (66.3)                 20                  (69.0)            0.791
                                                                         Positive                            40                    31                  (33.7)                   9                  (31.0)              
Perineural invasion                                         Negative                         111                    86                  (93.5)                 25                  (86.2)            0.249
                                                                         Positive                            10                      6                    (6.5)                   4                  (13.8)              
Pathologic T stage                                           pT1-2                              101                    77                  (83.7)                 24                  (82.8)         > 0.999
                                                                         pT3-4                                20                    15                  (16.3)                   5                  (17.2)              
Tumor budding statusa                                    Low                                  66                    45                  (48.9)                 21                  (75.0)            0.015
                                                                         High                                 54                    47                  (51.1)                   7                  (25.0)              
LNM                                                                Absent                              23                    19                  (20.7)                   4                  (13.8)            0.412
                                                                         Present                              98                    73                  (79.3)                 25                  (86.2)              
Maximum diameter of metastatic foci (cm)b                                             76                           2.21±1.47                                2.44±0.90                    0.513

OPSCC: Oropharyngeal squamous cell carcinoma; IHC: immunohistochemistry; LVI: lymphovascular invasion; LNM: lymph node metastasis.
aEvaluated in 120 cases; bEvaluated in 56 p16-positive and 20 p16-negative cases. Results are expressed as mean±standard deviation.

Table III. Clinicopathologic characteristics of 270 non-OPSCCs according to p16 IHC status.

Category                                                          Variables                  No. of cases                                     p16 IHC status                                        p-Value
                                                                                                             (n=270)
                                                                                                                                               Positive (%)                         Negative (%)                         
                                                                                                                                                    (n=30)                                  (n=240)                              

Sex                                                                   Female                             77                    11                  (36.7)                 66                  (27.5)            0.294
                                                                         Male                               193                    19                  (63.3)               174                  (72.5)              
Age (yrs)                                                          <58                                 133                    19                  (63.3)               114                  (47.5)            0.102
                                                                         ≥58                                 137                    11                  (36.7)               126                  (52.5)              
Smoking                                                           Never smoker                113                    15                  (50.0)                 99                  (40.8)            0.141
                                                                         Ex-smoker                        55                      2                    (6.7)                 53                  (22.1)              
                                                                         Current smoker              102                    13                  (43.3)                 89                  (37.1)              
LVI                                                                   Negative                         234                    26                  (86.7)               208                  (86.7)          >0.999
                                                                         Positive                            36                      4                  (13.3)                 32                  (13.3)              
Perineural invasion                                         Negative                         226                    23                  (76.7)               203                  (84.6)            0.294
                                                                         Positive                            44                      7                  (23.3)                 37                  (15.4)              
Pathologic T stage                                           pT1-2                              220                    24                  (80.0)               196                  (81.7)            0.825
                                                                         pT3-4                                50                      6                  (20.0)                 44                  (18.3)              
Tumor budding status*                                   Low                                160                    19                  (63.3)               141                  (61.0)            0.808
                                                                         High                               101                    11                  (36.7)                 90                  (39.0)              
LNM                                                                Absent                            149                    16                  (53.3)               133                  (55.4)            0.829
                                                                         Present                           121                    14                  (46.7)               107                  (44.6)              
Maximal size of metastatic foci (cm)**                                                 92                           1.50±1.17                                2.70±3.50                    0.203

OPSCC: Oropharyngeal squamous cell carcinoma; IHC: immunohistochemistry; LVI: lymphovascular invasion; LNM: lymph node metastasis.
*Evaluated in 261 cases; **Evaluated in 12 p16 IHC positive and 80 p16 IHC negative cases. Result is displayed as mean±standard deviation.



In a Kaplan–Meier analysis of 82 R0-resected OPSCCs,
p16-positive cases showed significantly superior OS and PFS
(p=0.030 and 0.028, respectively; Figure 2A and 2B).
However, 218 R0-resected non-OPSCCs showed no
correlation with p16 positivity in terms of OS or PFS
(p=0.788 and 0.715, respectively; Figure 2C and 2D).

Twist and Snail/Slug expression in HNSCCs. Twist and
Snail/Slug IHC showed nuclear staining in all 121 OPSCC
and 270 non-OPSCC cases. The intensity and proportion of
Twist and Snail/Slug expression varied (Figures 3 and 4).
Twist expression H-scores ranged from 0 to 145.5 and the
median H-score was 10. H-scores ≥10 were defined as ‘high
Twist expression’ and H-scores <10 were defined as ‘low
Twist expression’. Snail/Slug H-scores ranged from 5 to 300
with a median H-score of 147. H-scores ≥147 were defined

as ‘high Snail/Slug expression’ and H-scores <147 were
defined as ‘low Snail/Slug expression’. 

Twist and Snail/Slug expression status of OPSCCs in
conjunction with p16 IHC status. All of the 391 tested HNSCCs
were analyzed based on their association with anatomical sites
and p16 IHC statuses. In all HNSCCs, high Twist expression
was significantly correlated with p16 positive cases (p<0.001;
Figure 5A). When analyzing all HNSCCs based on anatomical
sites, high Twist expression was associated with p16-positive
OPSCCs compared to those with p16 negativity (p=0.020;
Figure 5B). Similar to OPSCCs, non-OPSCCs with p16
positivity were significantly correlated with high Twist
expression than those with p16 negativity (p=0.004; Figure 5B). 

High Snail/Slug expression was also correlated with p16-
positive than p16-negative HNSCCs (p=0.001; Figure 5C).
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Figure 2. Kaplan–Meier analysis of R0-resected OPSCC and non-OPSCC patients. In the analysis of 82 R0 resected OPSCC cases, p16 IHC positive
cases showed (A) longer overall survival (OS; p=0.030) and (B) superior progression-free survival (PFS) than the p16 IHC negative cases
(p=0.028). No significant difference associated with the p16 IHC status was observed in non-OPSCC (C) OS (p=0.788) and (D) PFS (p=0.715).



Similar to Twist expression, a higher proportion of high
Snail/Slug expression was observed in p16-positive than
p16-negative OPSCCs (p=0.023; Figure 4D). However, no
significant association was identified between Snail/Slug
expression and p16 IHC status in non-OPSCCs (p=0.342;
Figure 5D).

Discussion

OPSCC is known to be associated more frequently with HPV
infection than HNSCCs of other sites (2, 3), and HPV type 16
accounts for approximately 82% of all HPV genotypes in HPV-
associated HNSCCs (24). IHC for p16INK4a expression was
recently used as an HPV infection surrogate marker in routine
HNSCC diagnosis (21, 25). This is based on the surmise that
HPV infection induces p16 protein overexpression through

uncontrolled cell cycle regulation in cancers (26, 27). In this
study, we analyzed the clinicopathological variables that may
be possibly related to lymph node metastasis and the
expression of EMT markers in OPSCC and non-OPSCC
samples in conjunction with the p16 expression status. 

In the present study cohort, we observed that 76% of
OPSCC cases were positive for p16 expression in IHC,
suggestive of HPV infection. Furthermore, p16-positive
OPSCCs showed favorable patient prognosis compared to
p16-negative OPSCCs. In non-OPSCCs, the p16 status
showed no significant association with patient prognosis.
These findings were consistent with previous reports, as the
HPV-associated OPSCCs, as determined with p16 positivity,
showed more favorable patient outcomes (21, 28, 29). 

We noted that the clinicopathologic characteristics of
OPSCCs were significantly different from those of non-

ANTICANCER RESEARCH 39: 6307-6316 (2019)

6312

Figure 3. Twist protein expression via immunohistochemical staining in HNSCC. Twist immunohistochemical staining showed nuclear staining in
HNSCC tissue samples. The expression level varied among the HNSCCs. Staining showed (A) negative, (B) weak (1+), (C) intermediate (2+), and
(D) strong (3+) intensities.



OPSCCs. Compared with non-OPSCCs, OPSCCs were
significantly associated with lymphovascular invasion,
lymph node metastasis, and larger maximal diameter of
metastatic foci in lymph nodes, as well as with p16
positivity. These clinicopathologic findings are suggestive of
the possible effect of HPV on lymph node metastasis in
OPSCC. A recent study on OPSCC reported the correlation
between cervical lymph node metastasis and HPV status, as
determined using either p16 IHC or HPV in situ
hybridization (30). However, no significant correlation was
observed between p16 IHC status and factors such as
lymphovascular invasion, lymph node metastasis, or
maximum diameter of metastatic tumor foci in the OPSCC
cases of the present cohort. Although HPV infection may be
associated with the tumorigenesis of OPSCC (31), its role in
tumor metastasis to lymph nodes seems confusing. 

EMT, the process by which the cells lose epithelial
features and acquire mesenchymal characteristics, increases
the migratory and invasive properties of tumor cells (8-10).
EMT markers, Snail1 and Snail2 (Slug), are encoded by
SNAI1 and SNAI2 genes, respectively, and are involved in
cell differentiation and survival. Snail1 is known as a poor
prognosis factor related to treatment failure, while Snail2 is
activated in metastatic HNSCC (32, 33). Twist is known to
play a role in multiple stages of embryonic development and
promote cancer stem cells and EMT (33, 34). 

We observed that the expression of Twist and Snail/Slug
was higher in the samples of p16-positive cases among all
HNSCCs. In addition, p16-positive OPSCCs showed
significantly higher Twist and Snail/Slug expression than p16-
negative OPSCCs. The limitation of this study is that the Twist
staining level was generally low. Also, we used the Snail/Slug
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Figure 4. Snail/Slug protein expression via immunohistochemical staining in HNSCC. Snail/Slug immunohistochemical staining showed nuclear
staining in HNSCC tissue samples. The expression level varied among the HNSCCs. Staining showed (A) negative, (B) weak (1+), (C) intermediate
(2+), and (D) strong (3+) intensities.



cocktail antibody for Snail detection, because we failed to
observe adequate staining with several other antibodies. 

Tumor budding is a well-known histological variable
representative of EMT. Tumor budding is common in
HNSCC. Several reports have described tumor budding to be
EMT and as a prognostic factor in HNSCC (22, 35, 36). In
this study, high tumor budding was significantly related to
p16 positivity in OPSCCs. On the contrary, p16 IHC status
was not related to tumor budding in non-OPSCCs. These
findings suggest that EMT marker changes, as well as
morphologic changes, can be related to the lymph node
metastasis of OPSCCs. 

In conclusion, expression of EMT markers, such as Twist
and Snail/Slug, and formation of tumor buds are related to
p16 expression in OPSCC. This indicates that HPV infection
in OPSCCs may alter the expression of EMT markers such
as Twist and Snail/Slug and lead to metastases, despite the
relatively small tumor size. Although further in-depth studies

are warranted, our findings may help to gain insights into the
biology of HPV-positive OPSCCs for the early detection and
management of lymph node metastasis during initial
diagnosis and follow-up observation for tumor recurrence in
patients with OPSCC. 
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Figure 5. Twist and Snail/Slug protein expression status with respect to anatomical sites and p16 IHC expression. (A) Twist expression status in
conjunction with p16 IHC status in HNSCC. High Twist expression level was statistically correlated with p16 IHC positive HNSCC. (p<0.001) (B)
A higher proportion of high Twist expression statuses was seen in p16 IHC positive than negative OPSCCs and non-OPSCCs (p=0.020 and p=0.004,
respectively) (C) p16-positive HNSCCs revealed higher portion of high Snail/Slug expression than p16-negative HNSCCs (p=0.001) (D) p16 IHC
positive OPSCCs correlated with high Snail/Slug expression compared to p16 IHC negative OPSCCs (p=0.023). No statistically significant
correlation between Snail/Slug expression and p16 IHC status was found in non-OPSCCs (p=0.342). 
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