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ABSTRACT

Background: Epithelial-mesenchymal transition (EMT) is regarded as an essential step for tumor invasion and metastasis. In
squamous cell carcinoma of head and neck (HNSCC), N-Cadherin expression and its involvement in tumor progression remains a
controversial topic.

Aim of the study: The present study aimed to assess the expression of N-cadherin and HA in HNSCC and further study their
relation to patients survival and outcomes.

Material and methods: Fifty-eight retrospective selected cases of head and neck squamous carcinomas (HNSCCs) with available
paraffin blocks. Complete clinico-pathological and follow-up data were recorded. Immune staining for N-cadherin and hyaluronan
were done, also, we study the correlation of the results with patients survival data.

Results: Squamous cell carcinoma islands demonstrated high N-cadherin expression in 55.2% and low expression in 44.8%.
N-cadherin high expression was significantly (p < .05) associated with large tumor sizes, advanced TNM clinical stage, increased
incidence of recurrence and patient’s death. A significant correlation was recorded between the presence of neural invasion and
N-cadherin expression (p = .004). Strong intensity of stromal HA was significantly (p < .05) associated with an oral site, nodal
metastasis, and higher TNM stage. Patients with high N-cadherin expression, diffuse hyaluronan, and strong stromal hyaluronan
reaction had significantly lower DFS rates (p < .05). High N-cadherin expression, diffuse hyaluronan immunoreactivity, and
strong stromal hyaluronan reaction intensity had significantly lower OS rates (p < .05).

Conclusion: N-cadherin and hyaluronan could be important and promising biomarkers during surveillance of patients with
HNSCC.
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1. INTRODUCTION down-regulation of N-cadherin in human tumors and cell
lines.!"! In particular, breast, prostate, bladder, and thyroid
tumors have shown de novo N-cadherin expression.”l N-
cadherin silencing inhibits tumor growth by upregulating

N-cadherin (CDH2) is a calcium-dependent adhesion pro-
tein located on chromosome 18q11.2. Previous studies have
shown that expression, re-expression also, up-regulation and
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E-cadherin, inhibiting regulators of epithelial-mesenchymal
transition (EMT), and reversing the invasive mesenchymal
phenotype to epithelial phenotype.!*! N-cadherin was shown
to be expressed in the advanced and de-differentiated breast
cancer cell lines, also, its expression in tumor cells associated
with increased tumor cell motility, invasion, and metastasis.
N-cadherin has a role in the systemic dissemination of tumor
cells as it enables circulating tumor cells to bind with the
stroma and the endothelium at distant sites.!*! In head and
neck squamous cell carcinoma, role of N-cadherin expression
in tumor progression remains a controversial topic.>%!

Previously, the extracellular matrix (ECM) was considered to
be an inert complex of macromolecules, but recently, several
valuable biological actions of matrix molecules have been
described, such as the role of glycosaminoglycan (GAGsS),
in normal tissue development, homeostasis and pathological
processes.!”l The GAGs are involved in cell proliferation,
regulating angiogenesis, invasion, and metastasis of malig-
nant cells.!® Hyaluronan (HA) is one of the most important
GAGs molecules; it has the main role in tissue homeosta-
sis, and inflammatory conditions.[! It has been suggested
that HA production by tumors can stimulate proliferation,
increase tumor cell invasion and epithelial-mesenchymal tran-
sition and hence, promote cancer progression.!'%!!l High
HA expression in various carcinomas significantly associ-
ated with poorly differentiated tumors and shorter patient’s
survival.12-14

Therefore, the present study aimed to evaluate the expression
of N-cadherin and HA in patients with HNSCC and their
correlation to patient’s outcomes.

2. METHODS
2.1 Data retrieval

Fifty-eight retrospective selected cases of head and neck
squamous cell carcinomas (HNSCC) with available paraf-
fin blocks. Complete clinico-pathological, and follow-up
data without distant metastasis at the initial diagnosis from
January 2014 to December 2016. All the studied cases un-
derwent surgical resection. Some cases underwent neck
lymph node dissection. Patients with a close margin, multi-
ple lymph node metastases, perineural invasion, high-grade
lesions, extracapsular invasion, or advanced stage received
postoperative radiotherapy (RT). None of the patients re-
ceived preoperative RT. The study also included 5 paraffin
blocks of normal oral mucosa obtained from the surgical
removal of the operculum.

The patients’ clinico-pathological data were obtained from
archives of the pathology laboratory and oncology unit.
These data included the patient’s age, sex, primary tumor site,
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primary tumor size, lymph node status, distant metastasis
status, TNM staging, the presence or absence of tumor tissue
necrosis, lymph vascular invasion and perineural invasion.
The clinico-pathological characteristics of patients are shown
in Table 1. Patient follow-up was done every 3 to 6 months
for the first 2 years then once a year. Overall survival (OS)
and disease-free survival (DFS) data were retrieved from the
archive of the Oncology Unit. Previous clinico-pathological
and follow-up data were obtained after getting an approval
from the institutional review board. This study was approved
by the ethics committee.

2.2 Immuno-histochemical staining

All selected blocks were cut at 4 pum thickness. The slices
were placed on coated slides. After xylene deparaffinization,
the sections were rehydrated in descending grades of alcohol
followed by water. Antigen retrieval was performed by using
0.01 M citric acid buffer (pH = 6.0) and heated for 10 min-
utes in the microwave. The sections were then incubated in a
blocking medium (3% H503) for five minutes followed by
washing with distilled water. Rabbit monoclonal anti-human
antibody (clone; EPR 5111, 1:50, dilution, Abcam, 1 Kendall
Square, Suite B2304, Cambridge, MA 02139-1517, USA)
was used against N-cadherin and HA antibodies. Assessment
of positivity of the used antibodies (N-Cadherin and HA) was
performed by staining sections of colon and breast cancer
(the positive control for the two antibodies respectively) at
the same time and under the same conditions. Negative con-
trol slides obtained by replacement of the primary antibodies
by plain phosphate buffer saline. Immuno-detection was
executed using Power-stain TM1.0 poly HRP DAB kit for
mouse + rabbit (Cat No 52-0017, Genemed Biotechnologies,
Inc., 458 Carlton Ct., South San Francisco, CA 94080, USA).
Immune staining was performed based on manufacturer’s in-
structions. Immunoreaction was visualized by adding DAB.
Counterstaining of slides was performed with the Mayer
hematoxylin.

2.3 Immunostaining evaluation

Assessment of tissue immunoreactivity for N Cadherin was
semi-quantitatively was evaluated using the method de-
scribed by Afrem et al.'>! Each pot of tissue evaluated
quantitatively as score (0) absence of reactivity, (+ 1) pos-
itive reaction in less than 10% tumor cells, (+ 2) positive
reaction in 10%-75% of tumor cells and (+ 3) positive re-
action in more than 75% of tumor cells. The intensity of
reaction was subjectively evaluated as the score (1) for weak
reaction, score (2) for moderate reaction and score (3) for
intense or strong reaction. The final score was determined by
multiplying the intensity scores with staining area scores (0,
1,2, 3,4,6,9). Finally, tumors were divided into tumors with
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low expression (final score < 4) and tumors with high ex-
pression (final score > 4). Besides, reactivity was evaluated
according to sub-cell localization as (N) nuclear, (C) cyto-
plasmic, (N + C) diffuse nuclear and cytoplasmic and (M)
membranous staining. Also, the pattern of immunoreactivity
was evaluated as (P) peripheral or (C) central of proliferated
tumor islands.

Hyaluronan immunoreactivity was evaluated using the
method described by Afify et al.l!%! They defined the positive
staining as a droplet to diffuse staining. The staining either
intracytoplasmic or extracellular. The staining intensity was
graded from + 1 to + 3. Also, the pattern of immunoreactivity
was evaluated as (P) peripheral or (C) central of the prolif-
erated tumor islands. The histopathological and immuno-
histochemical evaluation was done by two pathologists inde-
pendently and blindly. The images were acquired utilizing
a Nikon Eclipse microscope equipped with a 5-megapixel
cooled CCD camera and the Image ProPlus AMS7 software.

2.4 Statistical analysis

Data analysis was conducted using SPSS program version 17
(Inc., Chicago, IL, USA). Descriptive data were presented in
number and percentage format. Quantitative statistics were
calculated in the form of mean 4 standard deviation (SD).

The association between the different clinico-pathological
parameters and N-cadherin and HA expression were tested
using Chi-square (x2) and Fisher’s exact probability test.
The independent sample ¢-test (compare continuous variable
in 2 groups) and one-way ANOVA (compare continuous vari-
able in three groups) were applied to compare the duration
of survival between factors. The construction of survival
curves was conducted using the Kaplan-Meier method, and
the significance was assessed with the log-rank test. Univari-
ate and multivariate survival analyses were performed with
the Cox proportional hazards model to detect an independent
prognostic factor. A p-value less than .05 was considered
statistically significant. DFS was estimated as the time inter-
val from the time of surgery until the time of local or distant
recurrence. OS was considered the time period from the time
of initial diagnosis to the time of the last follow-up or the
time of patient’s death.

3. RESULTS

3.1 Clinico-pathological features of studied cases

As shown in Table 1, fifty-eight cases of HNSCC were stud-
ied; 41(70.68%) of cases were above the age of 60 years
old, thirty-seven cases (63.79%) were females. Forty cases
(68.9%) were located in the oral cavity, 14 (24.13%) were in
the pharyngeal wall, only 4 (6.89%) located in the jaw. Re-
garding size, 43 (74.13%) were less than 4 cm. 20 (34.4%)
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were grade I, 16 (27.5%) were grade II, and 12 (20.68%)
were grade III. 39 (67.2%) were of conventional type while
other were of histologic variants mostly of basaloid type.
Necrosis was detected in 36 (62.06%). Lymph vascular in-
vasion was detected in 28 (48.27%), and neural invasion in
15 (25.58%). Lymph node involvement was noticed in 28
(48.27%) while distant metastasis was only in 16 (27.58%).
Low TNM stage (I & II) was detected in 22 (37.93%) while
advanced stage (III & IV) was in 36 (62.06%), recurrence of
disease was observed in 25 (43.10%).

Table 1. Clinico-pathological data of the studied HNSCC
cases

Characteristics No. %
Age <60 years 17 29.31
> 60 years 41 70.68
Male 37 63.79
Gender Female 21 362
Oral cavity 40 68.9
Site Pharyngeal wall 14 24.13
Jaw bone 4 6.89
. <4cm 43 74.13
Size
>4 cm 15 25.86
Yes 25 43.10
Recurrence No 28 48.27
unknown 5 8.6
Yes 16 27.58
Deaths No 37 63.79
unknown 5 8.6
1 20 344
Histologic grade II 16 27.5
111 12 20.68
. . Conventional 39 67.2
Histologic type Variant 19 32.7
Necrosis Yes 36 62.06
No 22 37.93
Lymph vascular Yes 28 48.27
invasion No 30 51.72
Neural invasion Yes 15 25.86
No 43 74.13
Nodal metastasis Neg.a.t Ve 28 48.27
Positive 30 51.72
Distant metastasis Yes 16 27.58
No 42 72.41
I1I 22 37.93
TNM 111, IV 36 62.06

Note. HNSCC: head and neck squamous cell carcinoma; TNM: tumor, node, metastasis.

3.2 N-cadherin immuno-histochemical expression in
normal, dysplastic epithelium and in SCC tumor is-
lands

N-cadherin showed weak expression in normal oral mucosa

that limited only to basal and para-basal cell layers (see

Figure 1A). On the other hand, Peritumoral dysplastic ep-
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ithelium showed stronger expression of N-cadherin but still
weaker than its expression in tumor islands. Squamous cell
carcinoma islands demonstrated high expression (see Figure
1, D & E) (final score > 6) in 55.2% (32 cases) and low
expression in 44.8% (26 cases) (see Figure 1C). Thirty-five

cases (60.3%) demonstrated only membranous expression.

Meanwhile, mixed membranous and cytoplasmic expression
was observed in 23 cases (39.7%). Regarding pattern of im-
munoreactivity; 36 cases (62.1%) demonstrated diffuse reac-
tion at periphery and center of the proliferating tumor islands
(see Figure 1E), 20 cases (34.5%) showed only peripheral
reaction and 2 cases (3.4%) showed a central reaction.

Figure 1. IHC staining for N-cadherin showed weak to moderate (low) expression in the adjacent dysplastic squamous
epithelium (A: N-cadherin x 200), in HNSCC G1 showed mild weak membranous (low) expression (B: x 100), moderate
focal membranous expression (low expression) (C: x 100). Moderate diffuse membranous staining score in GII HNSCC
(high expression) (D: x 100), (D: CD3 immunostaining x 100), Strong diffuse membranous staining (high expression) in
GIII HNSCC (E: x 200). Moderate diffuse membranous staining in basaloid SCC (F: x 100), moderate staining mainly
peripheral (G: x 200), High expression of N-cadherin in SCC metastatic deposits in LN (H: CD20 immunostaining x 100)

Figure 2. THC staining for hyaluronan (HA) showed weak to moderate expression in adjacent dysplastic squamous
epithelium (A: HA x 200), in HNSCC G1 showed cytoplasmic expression of HA in periphery of tumor islands and stroma
cells (B: HA x 200), diffuse expression in tumor islands and stroma in GII (C: x 100). Strong diffuse cytoplasmic staining
score in GIII HNSCC (D: HA x 200), Strong cytoplasmic staining for HA in stroma with weak staining in tumor islands (E:
HA x 200), Strong diffuse nucleocytoplasmic staining in anaplastic variant of HNSCC (F: HA x 200), cytoplasmic
staining in clear cell variant of SCC (G: x 200), Positive staining of lymph nodal tumor deposits for HA (H: HA x 100)
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3.3 The association of N-cadherin immuno-
histochemical expression with clinico-pathological
characteristics

As shown in Table 2, N-cadherin high expression was signifi-
cantly (p < .05) associated with large tumor sizes (T3 and T4,
93.3%), advanced TNM clinical stage (III and IV, 69.4%),
increased incidence of recurrence (60% of cases with high
expression showed recurrence) and increased incidence of
patient’s death. Patient’s age, gender, tumor site, the status of
nodal and distant metastasis were not significantly associated
with N-cadherin expression (p > .05).

Table 2. Association of clinico-pathologic features to
N-cadherin expression (final score)
Final score of N-cadherin

Characteristics

High Low
Age < 60 years 6(35.3) 11(64.7) 34
> 60 years 20 (48.8) 21(51.2)
Male 18 (48.6) 19(51.4)
Gender Female 8 (38.1) 136loy
Oral cavity 18 (45) 22 (55)
Tumor site Pharyngeal wall 7 (50) 7 (50) .67
Jaw bone 1 (25) 3(75)
. <4cm 25(58.1) 18 (41.9)
Tumor size S e 16.7) 14(933) .001
Nodal Negative 16 (57.1) 12 (42.9) 07
metastasis Positive 10(33.3) 20 (66.7) ’
Distant Yes 0 16 (100) 4
metastasis No 26 (60.9) 16 (38.1) ’
LI 15 (68.2) 7(31.8)
TNM stage 1L, IV 11306 250694 0
Recurrence Yes 7 (30.4%) 18 (60%) 03
No 16 (69.6%) 18 (60%)
1 16 (80) 4(20)
Grade i 7(43.8) 9 (56.3) <.001
I 0 12 (100)
Conventional 17 (43.6) 22 (56.4)
Type . .78
Variant 9 (47.4) 10 (52.6)
Necrosis Yes 14 (38.9) 22 (61.1) 24
No 12 (54.5) 10 (45.50
Lymph vascular ~ Yes 12 (54.5) 10 (45.50) 18
invasion No 10 (35.7) 18 (64.3)
. . Yes 2(13.3) 13 (86.7)
Neural invasion .004
No 24 (55.8) 19 (44.2)

The current study included 39 cases of conventional histo-
logical type and 19 cases of SCC variants. Chi-square test
revealed no statistically significant differences between the
two histologic types in relation to N-cadherin final score of
expression and also, reaction pattern (p > .05). On the other
hand, there was a highly significant difference (p = .002) be-
tween the two histologic types in relation N-cadherin sub-cell
localization. Thirteen cases (68.4%) of SCC variants demon-
strated mixed membranous and cytoplasmic reaction while
the remaining 6 cases (31.6%) showed (only) membranous
staining. Opposite to that finding, conventional histologic
type demonstrated (only) membranous staining in 29 cases
(74.4%) while the rest of cases (10 cases, 25.6%) showed
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mixed membranous and cytoplasmic reaction.

Expression of N-cadherin revealed high significant differ-
ence (p < .001) among the studied three histologic grades.
Sixteen cases (80%) of grade I carcinomas demonstrated low
expression, while all the examined cases of grade III carcino-
mas showed high expression. The higher percentage of grade
IT cases (9 cases, 56.3%) showed high expression meanwhile
the remaining 43.8% (7 cases) was for low expression.

A significant association between neural invasion and high
N-cadherin expression (p = .004) was detected. 86.7% (13
cases) of cases with neural invasion expressed N-cadherin
highly (final > score 6). No statistically significant difference
of final score of N-cadherin expression among the studied
cases regarding lymph-vascular invasion and tumor tissue
necrosis (p > .05).

3.4 Hyaluronan immuno-histochemical expression in
normal, peritumoral dysplastic epithelium and in
SCC tumor islands

Hyaluronan immuno-histochemical reaction mainly observed
granular cytoplasmic reaction (52 cases, 89.7%) (see Figure
2), while mixed nuclear and cytoplasmic reaction was en-
countered in 6 cases (10.3%). Hyaluronan absent in normal
oral mucosa. On the other hand, Peritumoral dysplastic ep-
ithelium showed a higher level of its expression but still
weaker than that shown in tumor islands (see Figure 2A).
The examined carcinomas demonstrated diffuse HA expres-
sion involving the proliferating tumor islands and the sur-
rounding stroma (see Figure 2, B, C & D), but with different
intensity of the reaction. HA intensity in the proliferating
tumor islands was moderate in 25 (43.1%) and strong in 33
(56.9%) of the studied cases. The intensity of HA immuno-
histochemical reaction in stroma was moderate in 27 cases
(46.55%) and strong in 31 cases (53.4%). Regarding pattern
of HA immunoreactivity in the proliferating tumor islands,
the higher percentage of cases (33 cases, 56.9%) showed
diffuse reaction involving both tumor islands center and pe-
riphery. Meanwhile, tumor islands periphery were solely
immune-stained in 43.1% (25 cases) (see Figure 2B).

3.5 The association of hyaluronan immuno-
histochemical expression with clinico-pathological
characteristics

3.5.1 Hyaluronan reaction site and pattern of expression

Only two cases expressed HA in tumor islands without
stroma expression, the remaining cases expressed hyaluro-
nan both in stroma and tumor with no significant difference
related to clinical and histopathological parameters except
gender, site, No. of death (p = .05, .04, .028 respectively).
Pattern of reaction was significantly correlated to size of tu-
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mor, and TNM staging, grade, and type (p = .001, .003, .001,
.001 respectively).

3.5.2 Stromal HA intensity of reaction

As shown in Table 3, regarding clinical parameters, strong
intensity of stromal HA expression was significantly (p <.05)
associated with oral cavity carcinomas (21 cases, 67.7%),
presence of nodal metastasis (24 cases, 77.4%) and higher
TNM clinical stage (IIT and I'V; 26 cases, 83.9%). Regarding
incidence of recurrence, 17 out of 25 cases (58.6%) with a
positive history of recurrence revealed strong HA stromal
intensity but p-value was not significant (p = .07). From
histopathological parameters, strong stromal expression of
HA was significantly associated with grade and histologic
type (p = .006, 0.01 respectively).

Table 3. Clinico-pathologic features of HN SCC in relation
to Hyaluronan expression intensity in stroma

Hyaluronan expression

With respect to pathological parameters, hyaluronan inten-
sity of expression in tumor islands revealed significant dif-
ferences among the studied different histological grades and
types (p < .05). On the other hand, presence or absence
of tumor tissue necrosis, lymph-vascular invasion, and neu-
ral invasion revealed no significant difference in the studied
HNSCC cases (p > .05).

3.6 Follow-up and survival analysis of patients with HN-
SCC

3.6.1 Recurrence

As shown in Table 4, 43.10% out of the studied 58 HNSCC
cases developed recurrence. Patients with large sized tumors
(T3 + T4), positive nodal and distant metastatic tumors, high
TNM clinical stage (stage III & IV), high histologic grade,
high N-cadherin expression (final score > 6) and strong HA
expression in stroma are associated with high risk of recur-
rence.

Table 4. Recurrence COX regression

Characters p

Age > 60/< 60 466
Gender Female/Male .945
Histologic grade .012
Histologic type Variant of SCC/Conventional .874
Necrosis Absent/Present 255
Lymph-vascular invasion ~ Absent/Present 459
Neural invasion Absent/Present 167
Tumor size T3 +T4/T1 + T2 <.001
Nodal metastasis P/N .03
Distant metastasis P/N <.001

Stage III & Stage IV/

Characteristics
Moder ate Strong
<60 7 (25.99 10 (32.39
Age (25.9%) (32.3%) 57
>60 20 (74.1%) 21 (67.7%)
Male 19(70.4%) 18 (58.1%)
331
Gender Female 8(206%)  13(419%) O
Oral cavity 19 (70.4%) 21 (67.7%)
Tumor site Pharyngeal wall 4 (14.8%) 10 (32.3%) 040"
Intraosseous 4 (14.8%) 0
Tumor sire T1+T2 23(B52%)  20(645%)
T3+ T4 4(14.8%) 11(35.5%)
N 21(77.8%) 7 (22.6%) .
Nodal metastasis P 6(22.2%) 24 (77.4%) <.001
, N 21(77.8%) 21 (67.7%)
Distant metastasis p 6(22.2%) 10 (32.3%) 394
Stage | & Stage 11 17 (63.0% 5(16.1% *
TNM stage A8° age ( ) ( ) <.001
Stage Il & Stage IV 10 (37.0%) 26 (83.9%)
Yes 16 (66.7%) 12 (41.4%)
Recurrence No §(333%)  17(s86%) O
) Yes 18 (75.0%) 19 (65.5%)
Mortality No 6(250%)  10G45%) P
I 16 (593%)  4(19.0%)
Il 9 (18.5) 7 (52.4%) 01"
Grade
1 6(222%) 6 (28.6%)
Type Conventional 23 (85.2%) 16 (51.6%) 007
P Variant 4(148%)  15(d84%)
Necrosis Yes 18(66.7%)  18(8.1%)
No 9 (33.3%) 13 (41.9%)
Lymph-vascular Yes 11 (40.7%) 17 (54.8%) 28
invasion No 16 (59.3%) 14 (45.2%) ’
. Yes 6(222%)  9(29.0%)
Neural invasion .55
No 21(77.8%) 22 (71.0%)

3.5.3 HA intensity in tumor islands

As shown in Table 3, strong HA intensity in tumor islands
was significantly (p < .05) was associated with pharyngeal
wall carcinomas (10 cases, 71.4%), large sized tumors (> 4
cm; 12 cases, 80%) , presence of nodal metastasis (25 cases,
83.3%) and higher TNM clinical stage (III and 1V; 28 cases,
77.8%). Regarding incidence of recurrence, 18 out of 25
cases (58.6%) with a positive history of recurrence revealed
strong HA intensity in tumor but p-value was not significant
(.06).
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TNM stage Stage 1 & Stage 11 062
N-cadherin final score high express.lon/ .007
low expression
Periphery of tumor islands/
N cadherin Center of tumor islands/ 118
reaction pattern Periphery and center of tumor '
islands
N cadherin sub cell Membranous and cytoplasmic/ 217
localization Membranous
HA site of reaction Tumor + Stroma/ 132
tumor/stromal Tumor only '
HA reaction pattern Diffuse/Periphery .010
HA subcell localization Nuclear anfi cytoplasmic/ .067
Cytoplasmic
HA intensity in tumor Strong reaction/ 0.510

Moderate reaction

. . Strong reaction/
HA intensity in stroma & . .010
Moderate reaction

3.6.2 Disease free survival
As shown in Kaplan Meier curves in Figure 3, high and
peripheral expression of N-cadherin, strong expression of

Hyaluronan in stroma and tumor associated with decreased
DFS rates (p < .05).
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Figure 3. Kaplan-Meier disease-free survival curves; Stratified by low versus high expression in N-cadherin in HNSCC (A,
B), Stratified by peripheral versus diffuse expression of hyaluronan (B), also, stratified by moderate versus strong stromal
expression of HA (C), and moderate versus strong tumor expression of HA (D). Kaplan-Meier overall survival curves;
Stratified by low versus high expression in N-cadherin in HNSCC (E), peripheral versus diffuse expression of N -cadherin
(F), moderate versus strong stromal expression of HA (G), and moderate versus strong tumor expression (H).

As shown in Table 5, The univariate Cox proportional haz-
ards model analysis of various prognostic factors in HNSCC
in relation to DFS showed that numerous predictors for DFS
rate however multivariate analysis revealed that final score

of N-cadherin expression (p = .008), distant metastasis (p =
.002) and histologic grade (p = .006) remained as indepen-
dent prognostic factors for DFS .

Table S. The univariate Cox proportional hazards model analysis of various prognostic factors in HNSCC in relation to DFS

95.0% CI for Exp (B)

Clinicopathological characters p

L ower Upper
Histologic grade .006 1.698 23.844
Tumor size T3+ T4T1+T2 478 0.423 6.272
Nodal metastasis Positive/Negative 931 0.154 5.555
Distant metastasis Positive/Negative .002 3.633 365.379
TNM stage Stage 11&IV/1&11 .934 0 6.880E+137
Final score n-cadherin High expression /Low expression  .008 0.003 0.415
Reaction pattern (Hyaluronan) Diffuse /Periphery .390 0.299 1.602
HA Intensity in stroma Strong/Moderate .050 0.999 5.668

3.6.3 Overall survival

As shown in Kaplan Meier plots are shown in Figure 4. We
also found that 16 (27.58%) out of the studied 58 HNSCC
cases died during their follow up. Patients with large sized
tumors (T3 + T4), positive nodal and distant metastatic tu-
mors, high N-cadherin expression (final score > 6), diffuse
hyaluronan immunoreactivity involving both periphery and
center of the proliferating tumor islands and strong stromal
hyaluronan intensity of reaction had significantly lower OS

rates (p < .05).
Published by Sciedu Press

As shown in Table 6, the univariate Cox proportional haz-
ards model analysis of various prognostic factors in HNSCC
in relation to OS revealed that revealed that tumor size (p
< .001), nodal metastasis(p = .03), distant metastasis (p <
.001), final score of N-cadherin (p = .007), reaction pattern
of hyaluronan (p = .017), and HA Intensity in stroma (p =
.020). However, by multivariate analysis, only final score of
N-cadherin expression (p = .037) and distant metastasis (p =
.000) remained as independent prognostic factors for OS.
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Table 6. The univariate Cox proportional hazards model analysis of various prognostic factors in HNSCC in relation to OS

95.0% CI for Exp (B)

Clinicopathological characters p L ower e
Histologic grade .06 0.8 7.516
Tumor size T3+ T4/T1+T2 <.001 2.538 20481
Nodal metastasis Positive/Negative 0.03* 1.151 14.679
Distant metastasis Positive/Negative <.001 5.276 109.163
TNM stage Stage 111&1V/1&11 .062 0.820 3,353.993
Final score n-cadherin High expression /Low expression  .007 1.593 19.194
Reaction pattern (Hyaluronan) Diffuse /Periphery .017 1.133 3.605
HA Intensity in stroma Strong/Moderate .020 1.261 1.261

4. DISCUSSION therapy.[!!

Cancer of the head and neck is the sixth most common ma-
lignancy worldwide. The most common malignancy is squa-
mous cell carcinoma (SCC) and its variants. More than 90%
of tumors in the head and neck are squamous carcinomas. Pa-
tients with early-stage disease can be treated effectively with
local surgery or radiotherapy. Advanced disease is incurable
or requires an aggressive treatment.!'”!

The biological behavior of oral SCC is still not fully pre-
dictable based on clinico-pathological predictors. To date,
no valuable immuno-histochemical biomarkers predicting
the clinical outcomes of head-and-neck SCC have been de-
scribed.!'8! This led researchers to study factors that could
predict the prognosis. These factors may help personalized

26

Recently, studies focused on the role of EMT in tumor inva-
sion. Previous studies suggested that EMT mediates HNSCC
progression. Cadherin’s are important biomarkers that are
involved in EMT.-6201 N-cadherin is one of the cadherin
families. It is expressed mainly in neural tissue and striated
muscle but not expressed in epithelial cells. “Cadherin switch
described as loss of E-cadherin expression and expression of
N-cadherin expression increases the mobility of neoplastic
epithelial cells and their ability to invade locally”.!?!:2?!

Also, it was described that the key step in gaining the invasive
phenotype is the functional elimination of E-Cadherin and
up-regulation of N-Cadherin. Previous studies demonstrated
that expression of N-Cadherin was associated with invasive
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and de-differentiated breast cancer cell lines, and also linked
to motility, invasion, and metastasis.!

The prognostic value of E-cadherin expression in several
tumors as in breast cancer has been studied,?! bladder carci-
noma.??! Few studies were carried on biological and prog-
nostic role of N-cadherin in HNSCCs, so further studies
are needed for confirmation and more clarification of this

role.[%-21.22]

This study assessed the expression of N-cadherin in HNSCCs
and adjacent normal and dysplastic epithelium; it revealed
that N-cadherin showed low expression in dysplastic basal
and para basal cells of covering epithelium with higher ex-
pression in the malignant squamous epithelium. These find-
ings were consistent with Domenico et al.’] Moreover, we
noticed that increased expression of N-cadherin was posi-
tively correlated with large sized tumors, advanced TNM
clinical stage, increased tumor recurrence, positive neural
invasion and higher histologic grade.

Numerous studies have been carried on E cadherin, its rela-
tion with cancer metastasis and poor prognosis.[>*2¢! How-
ever, N-cadherin has scarcely been studied in HNSCC.

In the present study, immuno-histochemical expression of
N-cadherin was markedly increased in the HNSCC tissues
when compared with the noncancerous tissues from oral
mucosa and peritumor dysplastic surface epithelium. Con-
sistent with our finding, results of previous studies inves-
tigated N-cadherin expression in other cancers including
gastric, prostate , oral carcinomas,?>2427] nasopharyngeal
carcinoma,”® 2! breast cancer, lung cancer reported simi-
lar findings of increased N-cadherin expression in tumor
in comparison to adjacent non tumor tissue.’>27-3% On the
other hand, Some tumors showed decreased expression of
N-cadherin, such as osteosarcoma,?!! ovarian carcinoma,?
glioblastomal®* and renal carcinoma.l* These opposing
expression profiles of N-cadherin in different types of can-
cer suggest that N-cadherin expression pattern based on the
diverse background of cancer, and need further study.

The different sub-cell pattern of N expression was noted
in carcinomatous cells. HNSCCs revealed a significant dif-
ference (p = .002) of N-cadherin expression between the
studied two histologic types, whereas SCC variants mainly
demonstrated mixed membranous and cytoplasmic staining
and conventional histologic type mainly showed only mem-
branous staining. In agreement with our finding Kehagias et
al.®3! reported similar finding in malignant salivary gland
tumors. They observed N-cadherin membranous staining in
all of the studied malignant salivary gland tumors and mixed
membranous and cytoplasmic reaction was observed in a

Published by Sciedu Press

case of adenocarcinoma not otherwise specified.

Contradictory to our finding, Domenico et al.’! reported
different sub-cell localization of N-cadherin in OSCCs. They
demonstrated N-cadherin cytoplasmic expression in all the
studied OSCC cases with exception of two cases; one ex-
hibited droplet invasion pattern revealed nuclear and cyto-
plasmic expression, and another case with single cell pattern
of invasion exhibited intense membranous-cytoplasmic N-
cadherin staining. Maryam Rezaeil** observed membranous
and nuclear expression in the studied breast cancer tumors.
Krisanaprakornkit et al.?”! reported predominant cytoplas-
mic N-cadherin immunoreactivity at the periphery of the
proliferative islands of poorly differentiated tongue squa-
mous cell carcinomas. This difference could be explained by
differences in immuno-histochemical procedures.”)

In the present study, we also found a significant (p = .04)
association between high N-cadherin expression and neural
invasion as 86.7% of cases that showed neural invasion ex-
hibited high expression of N-cadherin. Kehagias et al. also
reported similar results in their series of salivary gland tu-
mors as N-cadherin was not expressed in benign neoplasms,
but was expressed in half of the malignant ones.!*>! This
pattern of expression, together with our results suggests a
role for N-cadherin as an indicator of aggressive biologic
behavior and invasion potentiality of HNSCC.

Moreover, we found a correlation between N-Cadherin ex-
pression and histologic grade was statistically significant (1
vs. 2 and 3, p <.001). Eighty percent of the examined well
differentiated SCCs revealed low expression, while all poorly
differentiated carcinomas had high expression. Regarding
moderately differentiated SCC we observed high (9 cases,
56.3%) and low expression (7 cases, 43.8%). Many previ-
ous studies on OSCCs, ovarian cancer, tongue SCCs*37-3%]
reported similar finding.

Contradictory to our finding, Hashimoto et al.l*?! suggested
that expression of N-cadherin was limited in OSCCs and
lack a correlation with clinico-pathological parameters.[”]
Sirin et al. had observed similar finding in ovarian carcinoma
as N-cadherin had no significant relationship with tumor
grade.[”!

N-cadherin expression was significantly related to tumor
stage (p < .05) as 69.4% of HNSCCs with advanced TNM
stage demonstrated high expression of N-cadherin. Similar
to our finding was observed by Sirin et al.l*”! in ovarian can-
cer, Krisanaprakornkit et al.*”! in tongue SCCs, Domenico
et al. in OSCCs.P!

Increased incidence of recurrence and death also demon-
strated significant correlation with N -cadherin expression

27



http://jst.sciedupress.com

Journal of Solid Tumors

2018, Vol. 8, No. 1

as 60% of cases with high expression showed recurrence.
Many studies reported similar findings where N-cadherin
expression showed significant correlations with the grade
of differentiation, the clinical stage of disease, prognosis,
survival rates and tendency to relapse.[*20-29:37]

High expression of N-cadherin was observed in 66.7% of the
studied HNSCC cases that had positive nodal metastatic de-
posits but the p-value was not significant (p = .007) that may
be due to the limited number of cases in our study. On the
other hand, many studied revealed a significant association
of N-cadherin to nodal metastasis.[*2%-2]

Tumor progression is accomplished by several mechanisms;
extracellular matrix (ECM) modification is one of the the-
ses mechanisms. HA is a major component of ECM s and a
member of the glycosaminoglycan family of polysaccharides.
HA is synthesized at the cell surface in healing wounds and
in tumors. HA is overexpressed in various types of solid
tumors and this was suggested to be associated with worse
prognosis. 4141

Previous studies have demonstrated that HA is involved in tu-
mor cell migration and invasion in vitro, also, tumor growth
and progression in vivo.***! In Cell culture studies of
invasive breast cancer cells revealed that the cancer cell ac-
cumulates larger amounts of HA than normal tissue.*! HA
acting through promoting cell adhesion and motility, prolifer-
ation, and differentiation.!*”! Growth factors and chemokines
produced in tumor microenvironment can induce HA produc-
tion.[ 8]

In the current study, HA was expressed in the proliferating
tumor islands and in the surrounding stroma with variable
intensity of the reaction. Peritumoral dysplastic epithelium
showed a higher level of its expression but still weaker than
that shown in tumor islands. In agreement with our finding,
previous studies investigated HA content in breast carcinoma
and found that HA was more expressed in stromal tissue in
breast cancer than HA expression in normal breast or benign

lesions.#9-31]

Afify et al. noticed that stromal HA expression in breast
carcinoma stroma was progressively increased from in situ to
infiltrating carcinomas. Also, HA was exclusively confined
to the stroma in all cases of breast cancer and was not de-
tected in epithelial cells.['®) However, in our study, HA was
expressed in a tumor and stroma. Consistent with our find-
ing, the expression of HA is correlated with malignancy in
many cancers such as breast, lung and ovarian cancer.[*6-3%33]
Alexandra reported a high level of HA expression in desmoid
tumors in comparison with the normal controls.’* Also,
previous few studies reported high levels of in HNSCC.[5>3%]
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In contrast, the HA expression is low in melanoma, and its
absence is significantly correlated with the metastatic poten-
tial.!’7-381 Accumulation of HA can decrease tumorigenic
potential and confer resistance to cancer.’*-2l HA oligosac-
charides increase the metastatic potential through the affec-
tion of the interactions between the high-molecular-weight
HA and its receptors on tumor cells and thus inhibiting tumor
growth in vitro and in vivo.[63-63]

Regarding pattern of HA immunoreactivity in the prolifer-
ating tumor islands, the higher percentage of our cases (33
cases, 56.9%) showed diffuse reaction involving both tumor
islands center and periphery. Meanwhile, tumor islands pe-
riphery were solely immuno-stained in 43.1% (25 cases).
Contradictory to our finding, Afify et al. found HA tends
to be expressed at the periphery of invasive tumor islands
than the center, these findings supporting the argument that
tumors release many soluble factors that increase HA.[16-66]

In the present study, hyaluronan intensity of expression in
tumor islands and stroma revealed significant differences
among the studied different histological grades and types
(p < .05). A Higher number of the examined SCC variant
cases revealed strong HA expression in comparison with con-
ventional SCC type. In more words, moderately and poorly
differentiated SCCs frequently showed strong HA expression
in contrast with well-differentiated carcinomas agreement
with our finding, many studies indicated high HA levels were
detected mostly in poorly differentiation in various types
of carcinomas.'>"1446] Increased HA production by tumors
has a role in increasing tumor proliferation, promoting cell
invasion and epithelial-mesenchymal transition, and stimu-
late angiogenesis.!®”-%! Previous studies reported significant
correlation to poor differentiation of the tumors.[16:70-711

The current study indicated a strong intensity of stromal and
tumoral HA expression was significantly (p < .05) associ-
ated with the presence of nodal metastasis. A similar finding

was reported by Wernicke et al., Suwiwat et al., Afify et
41.116,56,70-72]

Regarding incidence of recurrence, 58.6% of cases with a
positive history of recurrence revealed strong tumor and stro-
mal HA expression but was not statistically significant by
chi-square test (p values .06 and .07). Kaplan Meier curves
demonstrated a statistically significant difference of stromal
HA intensity of expression in relation to DFS (p = .050). On
the other hand, tumoral HA intensity of expression revealed
no significant difference in relation to DFS but p-value ap-
proach significance (p = .078). This results don’t cope with
that obtained by Johrens et al., who reported no significant
differences for hyaluronan positive versus negative cases.
This could be due to short follow up period.
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The studied HNSCC cases that showed strong stromal
hyaluronan intensity of reaction had significantly lower OS
rates (p < .05) with Kaplan Meier curves. In agreement with
our finding, many studies indicated high HA levels associated
with poor prognosis and shorter patient surviva].[!6:46:36.70-73]

5. CONCLUSION

In summary, EMT is regarded as the first necessary step for
invasion and metastasis. Previous studies have suggested that
EMT facilitates the dissemination of tumor cells and thus
promotes distant metastasis. Recently, it has been demon-
strated that the loss of the ‘invasion suppressor’ E-cadherin
and upregulation of N-cadherin occurred in invasive tumor
cell lines. High expression of N-cadherin and hyaluronan
were significantly associated with adverse prognosis in pa-
tients with HNSCC. The present study demonstrated high
expression of N-cadherin, and Hyaluronan was significantly
associated with large sized tumors (T3 + T4), advanced TNM

clinical stages (IIl & IV), increased the incidence of tumor
recurrence and patient’s death. Also, different histologic
grades and types.

Follow up data and survival analysis of the studied cases
of HNSCC using Kaplan Meier curves revealed significant
lower rates of DFS and OS in patients with high expression of
N-cadherin, diffuse immunoreactivity of hyaluronan, strong
stromal hyaluronan intensity of expression. Absent expres-
sion of hyaluronan and the weak expression of N-cadherin in
normal oral mucosa contrasting their expression in peritumor
dysplastic epithelium and in the main bulk of tumor indi-
cates that N -cadherin and hyaluronan could be promising
biomarkers for patients with HNSCC.

CONFLICTS OF INTEREST DISCLOSURE
The authors declare that there is no conflict of interest state-
ment.

REFERENCES

[1] Derycke LD, Bracke ME. N-Cadherin in the spotlight of cellcell
adhesion, differentiation, embryogenesis, invasion and signaling. Int
J Dev Biol. 2004; 48: 463-76. PMid:15349821 https://doi.org/
10.1387/1jdb.0417931d

[2] Nieman MT, Prudoff RS, Johnson KR, et al. N Cadherin pro-
motes motility in human breast cancer cells regardless of their E-
cadherin expression. J Cell Biol. 1999; 147: 631-43. PMid: 10545506
https://doi.org/10.1083/jcb.147.3.631

[3] Labelle M, Schnittler HJ, Aust DE, et al. Vascular endothelial
cadherin promotes breast cancer progression via transforming
growth factor beta signaling. Cancer Res. 2008 Mar 1; 68(5):
1388-97. PMid:18316602 https://doi.org/10.1158/0008-5
472.CAN-07-2706

[4] Curtis MW, Johnson KR, Wheelock MJ. E-cadherin/catenin com-
plexes are formed co-translationally in the endoplasmic reticu-
lum/Golgi compartments. Cell Commun Adhes. 2008; 15: 365-78.
PMid:18937087 https://doi.org/10.1080/15419060802460
748

[S] Domenico M, Pierantoni GM, Feola A, et al. Prognostic significance
of N-cadherin expression in oral squamous cell carcinoma. Anti-
cancer Res. 2011; 31: 4211-8.

[6] Gasparotto D, Polesel J, Marzotto A, et al. Overexpression of
TWIST?2 correlates with poor prognosis in head and neck squa-
mous cell carcinomas. Oncotarget. 2011 Dec; 2(12): 1165-75.
PMid:22201613 https://doi.org/10.18632/oncotarget .39
0

[7] Karamanos NK, Tzanakakis GN. Glycosaminoglycans: from ‘cel-
lular glue’ to novel therapeutical agents. Curr Opin Pharmacol.
2011.12.003

[8] Afratis N, Gialeli C, Nikitovic D, et al. Tzanakakis and Nikos K.
Karamanos. Glycosaminoglycans: key players in cancer cell biology
and treatment. FEBS Journal. 2012; 279: 1177-97. PMid:22333131
https://doi.org/10.1111/j.1742-4658.2012.08529.%

Published by Sciedu Press

[9] Hascall V, Karamanos NK. Regulatory roles of hyaluronan in health
and disease. FEBS J. 2012; 278: 1411. PMid:21362135 https:
//doi.org/10.1111/3.1742-4658.2011.08068.x

Koyama H, Hibi T, Isogai Z, et al. Hyperproduction of hyaluronan
in neu-induced mammary tumor accelerates angiogenesis through
stromal cell recruitment: possible involvement of versican/PG-
M. Am J Pathol. 2007; 170: 1086-99. PMid:17322391 https:
//doi.org/10.2353/ajpath.2007.060793

Sironen RK, Tammi M, Tammi R, et al. Hyaluronan in human
malignancies. Exp Cell Res. 2011; 317: 383-91. PMid:21134368
https://doi.org/10.1016/j.yexcr.2010.11.017

Auvinen P, Tammi R, Kosma V, et al. Increased hyaluronan con-
tent and stromal cell CD44 associate with HER2 positivity and poor
prognosis in human breast cancer. Int J Cancer. 2013; 132: 531-9.
PMid:22753277 https://doi.org/10.1002/ijc.27707
Lokeshwar VB, Rubinowicz D, Schroeder GL, et al. Stromal and
epithelial expression of tumor markers hyaluronic acid and HYAL1
hyaluronidase in prostate cancer. J Biol Chem. 2001; 276: 11922-32.
PMid: 11278412 https://doi.org/10.1074/jbc.M008432200
Posey JT, Soloway MS, Ekici S, et al. Evaluation of the prognostic
potential of hyaluronic acid and hyaluronidase (HYALT1) for prostate
cancer. Cancer Res. 2003; 63; 2638-44. PMid:12750291

Afrem MC, Mdrgaritescu C, Crditoiu MM, et al. The immunohis-
tochemical investigations of cadherin “switch” during epithelial-
mesenchymal transition of tongue squamous cell carcinoma. Rom J
Morphol Embryol. 2014; 55(3 Suppl): 1049-56. PMid:25607384
Afify A, Maaya AM, Braggin J, et al. Expression of CD44s, CD44v6,
and Hyaluronan across the Spectrum of Normal-hyperplasia-
carcinoma in Breast. Appl Immunohistochem Mol Morphol. 2008;
16(2). https://doi.org/10.1097/PAI.0b013e318047df6d
Sanderson RS. Squamous cell carcinomas of the head and neck.
BMIJ. 2002 Oct 12; 325(7368): 822-7. PMid:12376446 https:
//doi.org/10.1136/bmj.325.7368.822

Johrens K, Anagnostopoulosi I, Dommerich S, et al. Expression pat-
terns of CD168 correlate with the stage and grade of squamous
cell carcinoma of head and neck. MOLECULAR AND CLINI-

29

(10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]


https://doi.org/10.1387/ijdb.041793ld
https://doi.org/10.1387/ijdb.041793ld
https://doi.org/10.1083/jcb.147.3.631
https://doi.org/10.1158/0008-5472.CAN-07-2706
https://doi.org/10.1158/0008-5472.CAN-07-2706
https://doi.org/10.1080/15419060802460748
https://doi.org/10.1080/15419060802460748
https://doi.org/10.18632/oncotarget.390
https://doi.org/10.18632/oncotarget.390
https://doi.org/10.1111/j.1742-4658.2012.08529.x
https://doi.org/10.1111/j.1742-4658.2011.08068.x
https://doi.org/10.1111/j.1742-4658.2011.08068.x
https://doi.org/10.2353/ajpath.2007.060793
https://doi.org/10.2353/ajpath.2007.060793
https://doi.org/10.1016/j.yexcr.2010.11.017
https://doi.org/10.1002/ijc.27707
https://doi.org/10.1074/jbc.M008432200
https://doi.org/10.1097/PAI.0b013e318047df6d
https://doi.org/10.1136/bmj.325.7368.822
https://doi.org/10.1136/bmj.325.7368.822

http://jst.sciedupress.com

Journal of Solid Tumors

2018, Vol. 8, No. 1

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

(271

(28]

[29]

[30]

[31]

[32]

(33]

30

CAL ONCOLOGY. 2017; 6: 597-602. PMid:28413676 https:
//doi.org/10.3892/mco.2017.1165

Nguyen PT, Kudo Y, Yoshida M, et al. N-cadherin expression is
correlated with metastasis of spindle cell carcinoma of head and neck
region. J Oral Pathol Med. 2011 Jan; 40(1): 77-82. PMid:21070371
https://doi.org/10.1111/3.1600-0714.2010.00966.x

Li S, Jo YS, Lee JH, et al. L1 cell adhesion molecule is a novel inde-
pendent poor prognostic factor of extrahepatic cholangiocarcinoma.
Clin Cancer Res. 2009 Dec 1; 15(23): 7345-51. PMid:19920102
https://doi.org/10.11568/1078-0432.CCR-09-0959

Jager T1, Becker M, Eisenhardt A, et al. The prognostic value of cad-
herin switch in bladder cancer. Oncol Rep. 2010 Apr; 23(4): 1125-32.
PMid:20204300

Costa L, Leite C, Cardoso S, et al. Expression of epithelial-
mesenchymal transition markers at the invasive front of oral squa-
mous cell carcinoma. J. Appl. Oral Sci. 2015; 23 (2): 169-78.
PMid:26018309 https://doi.org/10.1590/1678-775720140
187

Guilford P. E cadherin downregulation in cancer: Fuel on the fire?
Mol Med Today. 1999; 5: 172-7. https://doi.org/10.1016/51
357-4310(99)01461-6

He X, Chen Z, Jia M, et al. Downregulated E cadherin expres-
sion indicates worse prognosis in Asian patients with colorectal
cancer: Evidence from meta analysis. PloS One. 2013; 8: €70858.
PMid:23923027 https://doi.org/10.1371/journal.pone.0
070858

Fang Y, Liang X, Jiang W, et al. Cyclin bl suppresses colorectal
cancer invasion and metastasis by regulating e cadherin. PloS One.
2015; 10: e0126875. PMid:25962181 https://doi.org/10.137
1/journal.pone.0126875

Canel M, Serrels A, Frame MC, et al. E cadherin integrin crosstalk
in cancer invasion and metastasis. J Cell Sci. 2013; 126: 393-401.
PMid:23525005 https://doi.org/10.1242/jcs. 100115
Zheng Z, Pan J, Chu B, et al. Downregulation and abnormal expres-
sion of E cadherin and beta catenin in nasopharyngeal carcinoma:
Close association with advanced disease stage and lymph node metas-
tasis. Hum Pathol. 1999; 30: 458-66. https://doi.org/10.101
6/50046-8177(99)90123-5

Luo WR, Wu AB, Fang WY, et al. Nuclear expression of N-
cadherin correlates with poor prognosis of nasopharyngeal carci-
noma. Histopathology. 2012; 61: 237-46. PMid:22385354 https:
//doi.org/10.1111/3j.1365-2559.2012.04212.x

Sun H, Liu M, Wu X, et al. Overexpression of N-cadherin and 3-
catenin correlates with poor prognosis in patients with nasopharyn-
geal carcinoma. Oncol Lett. 2017 Mar; 13(3): 1725-30. https:
//doi.org/10.3892/01.2017.5645

Nagi C, Guttman M, Jaffer S, et al. N-cadherin expression in breast
cancer: Correlation with an aggressive histologic variant invasive mi-
cropapillary carcinoma. Breast Cancer Res Treat. 2005; 94: 225-35.
PMid: 16258702 https://doi.org/10.1007/s10549-005-772
7-5

Marie PJ. Role of N-cadherin in bone formation. J Cell Physiol. 2002;
190: 297. PMid:11857445 https://doi.org/10.1002/jcp.10
073

Alaee M, Danesh G, Pasdar M. Plakoglobin Reduces the in vitro
Growth, Migration and Invasion of Ovarian Cancer Cells Expressing
N Cadherin and Mutant p53. PLoS One. 2016; 11 (5): e0154323.
PMid:27144941 https://doi.org/10.1371/journal .pone.0
154323

Musumeci G, Magro G, Cardile V, et al. Characterization of matrix
metalloproteinase 2 and 9, ADAM 10 and N-cadherin expression in
human glioblastoma multiforme. Cell Tissue Res. 2015; 362: 45-60.

[34]

[35]

[36]

(37]

(38]

(39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

PMid:25948484 https://doi.org/10.1007/s00441-015-219
7-5

Tani T, Laitinen L, Kangas L, et al. Expression of E and N cadherin
in renal cell carcinomas, in renal cell carcinoma cell lines in vitro and
in their xenografts. Int J Cancer. 1995; 64: 407-14. PMid:8550243
https://doi.org/10.1002/ijc.2910640610

Kehagias N, Epivatianos A, Sakas L, et al. Expression of N-cadherin
in salivary gland tumors. Med Princ Pract. 2013; 22(1): 59-64.
PMid:22738870 https://doi.org/10.1159/000339213

Rezaei M, Friedrich K, Wielockx B, et al. Interplay between neural-
cadherin and vascular endothelial-cadherin in breast cancer pro-
gression. Breast Cancer Research. 2012; 14: 15. PMid:23216791
https://doi.org/10.1186/bcr3367

Krisanaprakornkit S, Iamaroon A. Epithelial-Mesenchymal Tran-
sition in Oral Squamous Cell Carcinoma. SRN Oncology. 2012;
2012(3): 681469. https://doi.org/10.5402/2012/681469

Epivatianos A, Iordanidis S, Zaraboukas T, et al. Adenoid cystic
carcinoma and polymorphous low-grade adenocarcinoma of minor
salivary glands: a comparative immunohistochemical study using
the epithelial membrane and carcinoembryonic antigen. Oral Dis.
2005; 11: 175-80. PMid: 15888109 https://doi.org/10.1111/
j.1601-0825.2005.01110.x

Sirin A, Ibtisam A, Ibrahim A, et al. Immunohistological Insight into
the Correlation between Neuropilin-1 and Epithelial-Mesenchymal
TransitionMarkers in Epithelial Ovarian Cancer. Journal of Histo-
chemistry & Cytochemistry. 2014; 62 (9): 619. PMid:24850663
https://doi.org/10.1369/0022155414538821

Hashimoto T, Usuba O, Toyono M, et al. Evaluation of salvage
surgery for type 4 gastric cancer. World J Gastrointest Surg. 2012
Dec 27; 4(12): 301-5. PMid:23493860 https://doi.org/10.424
0/wjgs.v4.i12.301

Boregowda RK, Appaiah HN, Siddaiah M, et al. Expression of
hyaluronan in human tumor progression. J Carcinog. 2006; 5: 2.
PMid:16401353 https://doi.org/10.1186/1477-3163-5-2

Itano N, Zhuo L, Kimata K. Impact of the hyaluronan-rich tumor
microenvironment on cancer initiation and progression. Cancer Sci.
2008; 99: 1720-5. PMid:18564137 https://doi.org/10.1111/
j.1349-7006.2008.00885.x

Provenzano PP, Hingorani SR. Hyaluronan, fluid pressure, and stro-
mal resistance in pancreas cancer. Br J Cancer. 2013; 108: 1-8.
PMid:23299539 https://doi.org/10.1038/bjc.2012.569

Tolg C, Mccarthy JB, Yazdani A, et al. Hyaluronan and RHAMM in
wound repair and the "cancerization" of stromal tissues. Biomed Res
Int. 2014; 2014 (3):103923. https://doi.org/10.1155/2014/1
03923

Bourguignon LY, Wong G, Earle C, et al. HyaluronanCD44 interac-
tion promotes c-Src-mediated twist signaling, microRNA-10b ex-
pression, and RhoA/RhoC up-regulation, leading to Rho-kinase-
associated cytoskeleton activation and breast tumor cell invasion.
J Biol Chem. 2010; 285: 36721-35. PMid:20843787 https://doi.
org/10.1074/jbc.M110.162305

Auvinen P, Tammi R, Parkkinen J, et al. Hyaluronan in peritu-
moral stroma and malignant cells associates with breast cancer
spreading and predicts survival. Am J Pathol. 2000; 156: 529-36.
https://doi.org/10.1016/50002-9440(10)64757-8

Toole BP. Hyaluronan-CD44 Interactions in Cancer: Paradoxes
and Possibilities. Clin Cancer Res. 2009 Dec 15; 15(24): 7462-
8. PMid:20008845 https://doi.org/10.1158/1078-0432.CC
R-09-0479

Tammi RH, Passi AG, Rilla K, et al. Transcriptional and post-
translational regulation of hyaluronan synthesis. FEBS J. 2011;

ISSN 1925-4067 E-ISSN 1925-4075


https://doi.org/10.3892/mco.2017.1165
https://doi.org/10.3892/mco.2017.1165
https://doi.org/10.1111/j.1600-0714.2010.00966.x
https://doi.org/10.1158/1078-0432.CCR-09-0959
https://doi.org/10.1590/1678-775720140187
https://doi.org/10.1590/1678-775720140187
https://doi.org/10.1016/S1357-4310(99)01461-6
https://doi.org/10.1016/S1357-4310(99)01461-6
https://doi.org/10.1371/journal.pone.0070858
https://doi.org/10.1371/journal.pone.0070858
https://doi.org/10.1371/journal.pone.0126875
https://doi.org/10.1371/journal.pone.0126875
https://doi.org/10.1242/jcs.100115
https://doi.org/10.1016/S0046-8177(99)90123-5
https://doi.org/10.1016/S0046-8177(99)90123-5
https://doi.org/10.1111/j.1365-2559.2012.04212.x
https://doi.org/10.1111/j.1365-2559.2012.04212.x
https://doi.org/10.3892/ol.2017.5645
https://doi.org/10.3892/ol.2017.5645
https://doi.org/10.1007/s10549-005-7727-5
https://doi.org/10.1007/s10549-005-7727-5
https://doi.org/10.1002/jcp.10073
https://doi.org/10.1002/jcp.10073
https://doi.org/10.1371/journal.pone.0154323
https://doi.org/10.1371/journal.pone.0154323
https://doi.org/10.1007/s00441-015-2197-5
https://doi.org/10.1007/s00441-015-2197-5
https://doi.org/10.1002/ijc.2910640610
https://doi.org/10.1159/000339213
https://doi.org/10.1186/bcr3367
https://doi.org/10.5402/2012/681469
https://doi.org/10.1111/j.1601-0825.2005.01110.x
https://doi.org/10.1111/j.1601-0825.2005.01110.x
https://doi.org/10.1369/0022155414538821
https://doi.org/10.4240/wjgs.v4.i12.301
https://doi.org/10.4240/wjgs.v4.i12.301
https://doi.org/10.1186/1477-3163-5-2
https://doi.org/10.1111/j.1349-7006.2008.00885.x
https://doi.org/10.1111/j.1349-7006.2008.00885.x
https://doi.org/10.1038/bjc.2012.569
https://doi.org/10.1155/2014/103923
https://doi.org/10.1155/2014/103923
https://doi.org/10.1074/jbc.M110.162305
https://doi.org/10.1074/jbc.M110.162305
https://doi.org/10.1016/S0002-9440(10)64757-8
https://doi.org/10.1158/1078-0432.CCR-09-0479
https://doi.org/10.1158/1078-0432.CCR-09-0479

http://jst.sciedupress.com

Journal of Solid Tumors

2018, Vol. 8, No. 1

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[591

[60]

[61]

278: 1419-28. PMid:21362137 https://doi.org/10.1111/j.
1742-4658.2011.08070.x

Pettersson T, Froseth B, Riska H, et al. Concentration of hyaluronic
acid in pleural fluid as a diagnostic aid for malignant mesothelioma.
Chest. 1988; 94: 1037-9. PMid:3180855 https://doi.org/10.1
378/chest.94.5.1037

Atagi S, Ogawara M, Kawahara M, et al. Utility of hyaluronic acid in
pleural fluid for differential diagnosis of pleural effusions: likelihood
ratios for malignant mesothelioma. Jpn J Clin Oncol. 1997; 27: 293-7.
PMid:9390204 https://doi.org/10.1093/jjco/27.5.293
Welker L, Muller M, Holz O, et al. Cytological diagnosis of malig-
nant mesothelioma-improvement by additional analysis of hyaluronic
acid in pleural effusions. Virchows Arch. 2007; 450: 455-61.
PMid: 17377812 https://doi.org/10.1007/s00428-007-037
5-x

Pirinen R, Tammi R, Tammi M, et al. Prognostic value of hyaluronan
expression in non-small-cell lung cancer: increased stromal expres-
sion indicates unfavorable outcome in patients with adenocarcinoma.
Int J Cancer. 2001; 95: 12-7. https://doi.org/10.1002/1097
-0215(20010120)95:1<12: :AID-1JC1002>3.0.C0;2-E

Anttila MA, Tammi RH, Tammi MI, et al. High levels of stromal
hyaluronan predict poor disease outcome in epithelial ovarian cancer.
Cancer Res. 2000; 60: 150-5. PMid: 10646867

Alexandra B, Laura R, Justin DB, et al. Antitumor effects of hyaluro-
nan inhibition in desmoid tumors. Carcinogenesis. 2015; 36: 272-9.
PMid:25556151 https://doi.org/10.1093/carcin/bgu324
Franzmann EJ, Schroeder GL, Goodwin WJ, et al. Expression of
tumor markers hyaluronic acid and hyaluronidase (HYAL1) in head
and neck tumors. Int J Cancer. 2003; 106: 438-45. PMid: 12845686
https://doi.org/10.1002/ijc.11252

Rangel M, de Sa V, Martins V, et al. Tissue hyaluronan expres-
sion, as reflected in the sputum of lung cancer patients,is an indi-
cator of malignancy. Braz J] Med Biol Res. 2015; 48(6). https:
//doi.org/10.1590/1414-431X20144300

Karjalainen JM, Tammi RH, Tammi MI, et al. Reduced level of CD44
and hyaluronan associated with unfavorable prognosis in clinical
stage I cutaneous melanoma. Am J Pathol. 2000 Sep; 157(3): 957-65.
https://doi.org/10.1016/S0002-9440(10)64608-1
Kosunen A, Ropponen K, Kellokoski J, et al. Reduced expression of
hyaluronan is a strong indicator of poor survival in oral squamous cell
carcinoma. Oral Oncol. 2004 Mar; 40(3): 257-63. PMid: 14747056
https://doi.org/10.1016/j.oraloncology.2003.08.004
Zhang L, Underhill CB, Chen L. Hyaluronan on the surface of tumor
cells is correlated with metastatic behavior. Cancer Res. 1995; 55:
428-33. PMid: 7529138

Itano N, Sawai T, Atsumi F, et al. Selective expression and functional
characteristics of three mammalian hyaluronan synthases in onco-
genic malignant transformation. J Biol Chem. 2004 Apr 30; 279(18):
18679-87. PMid: 14724275 https://doi.org/10.1074/jbc.M3
13178200

Bharadwaj AG, Kovar JL, Loughman E, et al. Spontaneous metas-
tasis of prostate cancer is promoted by excess hyaluronan synthesis

Published by Sciedu Press

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

[72]

[73]

and processing. Am J Pathol. 2009; 174: 1027-36. PMid:19218337
https://doi.org/10.2353/ajpath.2009.080501

Tian X, Azpurua J, Hine C, et al. High-molecular-mass hyaluronan
mediates the cancer resistance of the naked mole rat. Nature. 2013;
499: 346-9. PMid:23783513 https://doi.org/10.1038/natu
rel2234

Nemec RE, Toole BP, Knudson W. The cell surface hyaluronate
binding sites of invasive human bladder carcinoma cells. Biochem
Biophys Res Commun. 1987; 149: 249-57. https://doi.org/10
.1016/0006-291X(87)91632-9

Zeng C, Toole BP, Kinney SD, et al. Inhibition of tumor growth
in vivo by hyaluronan oligomers. Int J Cancer. 1998 Jul 29;
77(3): 396-401. https://doi.org/10.1002/(SICI)1097-021
5(19980729)77:3<396: : AID-1JC15>3.0.C0;2-6

Ghatak S, Misra S, Toole BP. Hyaluronan oligosaccharides in-
hibit anchorage-independent growth of tumor cells by suppress-
ing the phosphoinositide 3-kinase/Akt cell survival pathway. J Biol
Chem. 2002 Oct 11; 277(41): 38013-20. PMid:12145277 https:
//doi.org/10.1074/jbc.M202404200

Edward M, Gillan C, Micha D, et al. Tumor regulation of fibrob-
last hyaluronan expression: a mechanism to facilitate tumor growth
and invasion. Carcinogenesis. 2005; 26: 1215-23. PMid:15746159
https://doi.org/10.1093/carcin/bgi064

Kosaki R, Watanabe K, Yamaguchi Y. Overproduction of hyaluronan
by expression of the hyaluronan synthase Has2 enhancesanchorage-
independent growth and tumorigenicity. Cancer Res. 1999; 59: 1141-
5. PMid:10070975

Jacobson A, Rahmanian M, Rubin K, et al. Expression of hyaluronan
synthase 2 or hyaluronidase 1 differentially affect the growth rate of
transplantable colon carcinoma cell tumors. Int J Cancer. 2002; 102:
212-9. PMid:12397638 https://doi.org/10.1002/ijc.10683
Koyama H, Kobayashi N, Harada M, et al. Significance of tumor-
associated stroma in promotion of intratumoral lymphangiogenesis:
pivotal role of a hyaluronan-rich tumor microenvironment. Am J
Pathol. 2008; 172: 179-93. PMid:18079437 https://doi.org/10
.2353/ajpath.2008.070360

‘Wernicke M, Pineiro LC, Caramutti D, et al. Breast cancer stromal
myxoid changes are associated with tumor invasion and metastasis:
a central role for hyaluronan. Mod Pathol. 2003 Feb; 16(2): 99-107.
PMid:12591961 https://doi.org/10.1097/01.MP.00000515
82.75890.2D

Suwiwat S, Ricciardelli C, Tammi R, et al. Expression of extra-
cellular matrix components versican, chondroitin sulfate, tenascin,
and hyaluronan, and their association with disease outcome in
node-negative breast cancer. Clin Cancer Res. 2004; 10: 2491-8.
https://doi.org/10.1158/1078-0432.CCR-03-0146
Ropponen K, TammiM, Parkkinen J, et al. Tumor cell-associated
hyaluronan as an unfavorable prognostic factor in colorectal cancer.
Cancer Res. 1998; 58: 342-7. PMid:9443415

Setdld LP, Tammi MI, Tammi RH. Hyaluronan expression in gas-
tric cancer cells is associated with local and nodal spread and re-
duced survival rate. Br J Cancer. 1999; 79: 1133-8. PMid:10098747
https://doi.org/10.1038/sj.bjc.6690180

31


https://doi.org/10.1111/j.1742-4658.2011.08070.x
https://doi.org/10.1111/j.1742-4658.2011.08070.x
https://doi.org/10.1378/chest.94.5.1037
https://doi.org/10.1378/chest.94.5.1037
https://doi.org/10.1093/jjco/27.5.293
https://doi.org/10.1007/s00428-007-0375-x
https://doi.org/10.1007/s00428-007-0375-x
https://doi.org/10.1002/1097-0215(20010120)95:1<12::AID-IJC1002>3.0.CO;2-E
https://doi.org/10.1002/1097-0215(20010120)95:1<12::AID-IJC1002>3.0.CO;2-E
https://doi.org/10.1093/carcin/bgu324
https://doi.org/10.1002/ijc.11252
https://doi.org/10.1590/1414-431X20144300
https://doi.org/10.1590/1414-431X20144300
https://doi.org/10.1016/S0002-9440(10)64608-1
https://doi.org/10.1016/j.oraloncology.2003.08.004
https://doi.org/10.1074/jbc.M313178200
https://doi.org/10.1074/jbc.M313178200
https://doi.org/10.2353/ajpath.2009.080501
https://doi.org/10.1038/nature12234
https://doi.org/10.1038/nature12234
https://doi.org/10.1016/0006-291X(87)91632-9
https://doi.org/10.1016/0006-291X(87)91632-9
https://doi.org/10.1002/(SICI)1097-0215(19980729)77:3<396::AID-IJC15>3.0.CO;2-6
https://doi.org/10.1002/(SICI)1097-0215(19980729)77:3<396::AID-IJC15>3.0.CO;2-6
https://doi.org/10.1074/jbc.M202404200
https://doi.org/10.1074/jbc.M202404200
https://doi.org/10.1093/carcin/bgi064
https://doi.org/10.1002/ijc.10683
https://doi.org/10.2353/ajpath.2008.070360
https://doi.org/10.2353/ajpath.2008.070360
https://doi.org/10.1097/01.MP.0000051582.75890.2D
https://doi.org/10.1097/01.MP.0000051582.75890.2D
https://doi.org/10.1158/1078-0432.CCR-03-0146
https://doi.org/10.1038/sj.bjc.6690180

	Introduction
	Methods
	Data retrieval
	Immuno-histochemical staining
	Immunostaining evaluation
	Statistical analysis

	Results
	Clinico-pathological features of studied cases
	N-cadherin immuno-histochemical expression in normal, dysplastic epithelium and in SCC tumor islands
	The association of N-cadherin immuno-histochemical expression with clinico-pathological characteristics
	Hyaluronan immuno-histochemical expression in normal, peritumoral dysplastic epithelium and in SCC tumor islands
	The association of hyaluronan immuno-histochemical expression with clinico-pathological characteristics
	Hyaluronan reaction site and pattern of expression
	Stromal HA intensity of reaction
	HA intensity in tumor islands

	Follow-up and survival analysis of patients with HNSCC
	Recurrence
	Disease free survival
	Overall survival


	Discussion
	Conclusion

