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ABSTRACT

Background. c-Met relies on CD44v6 for its activation
and signaling in several cancer cell lines. However, the
correlation of c-Met and CD44v6 expression and its bio-
logical significance in esophageal squamous cell carcinoma
(ESCC) remains unknown.

Methods. Expression of c-Met and CD44v6 was examined
by immunohistochemistry (IHC) in 147 ESCC specimens.
We analyzed the impact of c-Met and CD44v6 expression
on clinicopathological parameters, including chemoresis-
tance or prognosis in ESCC.

Results. High expression of c-Met and CD44v6 in
cancerous lesions was identified in 49.7% and 50.3% of all
patients, respectively. The c-Met-high group comprised
more advanced pT and pM stages than the c-Met-low
group. In addition, more patients in the c-Met-high group
received neoadjuvant chemotherapy (NACT) than the
c-Met-low group (64.4% vs. 43.2%, P = 0.010). On the
other hand, the CD44v6-high group was associated with
more advanced pT/pN stages and a poorer clinical response
to NACT (response rate 53.5% vs. 77.8%, P = 0.025) than
the CD44v6-low group. Double-positive immunostaining

Electronic supplementary material The online version of this
article (https://doi.org/10.1245/s10434-018-07126-5) contains
supplementary material, which is available to authorized users.

© Society of Surgical Oncology 2019

First Received: 6 August 2018;
Published Online: 4 January 2019

T. Makino, MD, PhD
e-mail: tmakino@ gesurg.med.osaka-u.ac.jp

of c-Met and CD44v6 was identified in 28.6% of all cases,
and multivariate analysis of overall survival (OS) identified
them (hazard ratio 1.79, 95% confidence interval
1.03-3.04, P = 0.038) as independent prognostic factors in
addition to pN and pM stage.

Conclusions. c-Met/CD44v6 were associated with tumor
progression or chemoresistance. Double-positive expres-
sion of c-Met and CD44v6 negatively impacted patient
prognosis in ESCC, implying that c-Met and CD44v6 are
candidates for targeted therapy in ESCC.

Esophageal cancer has a poor prognosis and is the sixth
most common cause of cancer-related death.' Although
multidisciplinary  treatments for ESCC, including
chemotherapy, chemoradiotherapy (CRT), and surgery,
have been developed, their contributions to patient out-
comes are still insufficient.” Because nonresponders to
chemotherapy or CRT for ESCC have a poor prognosis,
elucidation of the resistance mechanism and the develop-
ment of novel molecular-targeted drugs are urgently
needed.’

c-Met is expressed in both normal and malignant cells as
an epithelial/endothelial cell surface transmembrane
receptor tyrosine kinase with specificity for hepatocyte
growth factor (HGF), also known as scatter factor.*
Abnormal c-Met activation in cancer correlates with vari-
ous biological reactions, including cell proliferation,
dispersion, mobility, invasion, apoptosis, and angiogene-
sis.>® In various cancers, overexpression of c-Met has been
reported to be associated with malignant features of cancer,
cancer stem cells, and chemoresistance or radioresis-
tance.””'> Accordingly, novel treatments targeting c-Met
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have been already introduced for several types of cancer,
including gastric cancer, non-small cell lung cancer, and
hepatocellular carcinoma.'®™'® However, the clinical use of
c-Met inhibitor for ESCC has not yet been reported.
CD44 was identified as a stem-cell marker in various
cancers. The extracellular domain of CD44v6 forms a
ternary complex with c-Met and HGF, which is necessary
for c-Met activation.®'***> CD44v6 also has been reported
to be related to stem cell-ness in breast cancer and colorectal
cancer.”*** In pancreatic cancer, co-expression of c-Met and
CD44v6 is associated with the potency of lymph node and
lung metastasis; neither c-Met nor CD44v6 knockdown
pancreatic cancer cells have metastatic potency in xenograft
mice.”> The downstream c-Met/HGF axis depends on the
presence of CD44v6, and these studies emphasize the
importance of assessing CD44v6 in addition to c-Met.*""*
A few recent studies have shown that c-Met or CD44v6
expression is a significant prognostic factor in ESCC.*>~**
However, the relationship between c-Met and CD44v6
expression in clinical samples of ESCC and their associa-
tion with malignant potential or chemoresistance remain to
be determined. The present study was designed to evaluate
the expression of both c-Met and CD44v6 in resected
ESCC specimens and clarify their biological significance,
including chemoresistance or prognosis, in ESCC patients.

PATIENTS AND METHODS
Patients

The present study included a total of 147 thoracic ESCC
patients who underwent radical esophagectomy with stan-
dard lymphadenectomy between 2004 and 2012 at our
hospital. We excluded patients who underwent preoperative
chemoradiation therapy, were diagnosed as pathological
complete response (grade 3) to preoperative chemotherapy,
or had a history of other cancer. No patients underwent
targeted therapy, including receptor tyrosine kinase inhibi-
tors. The data for all patients were included in a
prospectively collected database based primarily on the
surgical and perioperative laboratory data. Pathological
staging was based on the seventh edition of The Union for
International Cancer Control (UICC) TNM Classification.*
The present study was approved by the Human Ethics
Review Committee of Osaka University School of Medicine
and signed consent was obtained from each participant.

Surgical Procedure and Treatment of Esophageal
Cancer

Our standard surgical procedures were a subtotal
esophagectomy with mediastinal lymphadenectomy via

right thoracotomy, upper abdominal lymphadenectomy,
reconstruction with a gastric tube via the posterior medi-
astinum, and anastomosis in the cervical incision.’'™>*
Preoperative chemotherapy consisted of cisplatin, 5-FU,
and either Adriamycin (ACF) or docetaxel (DCF), fol-
lowed by curative esophagectomy, as described
previously.>’*%°  Our indication for preoperative
chemotherapy based on the TNM classification was cT1-
3N1-3 as an absolute indication and either c¢T2-3NO or
cT4Nany without massive infiltration to the bronchus or
aorta as a relative indication.®’ Patients who underwent
preoperative chemotherapy had an Eastern Cooperative
Oncology Group performance status of 0—1 and normal
bone marrow, kidney, and liver function.

Evaluation of Clinical and Pathological Responses
to Chemotherapy

The clinical response to neoadjuvant chemotherapy
(NACT) was determined by computed tomography, fluo-
rodeoxyglucose positron emission tomography, and upper
gastrointestinal endoscopy.’® The surgical specimens were
classified into five categories based on the degree of
histopathological tumor regression. The proportion of
viable residual tumor cells in the sample was assessed as
follows: grade 3 (no viable residual tumor cells), grade 2
(less than one-third residual tumor cells), grade 1b (one-
third to two-thirds residual tumor cells), grade la (more
than two-thirds residual tumor cells), grade 0 (no signifi-
cant response to preoperative therapy).>>>>’

Immunohistochemistry

Paraffin-embedded tumor tissue samples were cut into
4-pum sections and mounted on adhesive glass slides. Slides
were deparaffinized in xylene and hydrated with alcohol
and then were pretreated in a microwave oven to enhance
antigen accessibility to the antibody. The primary anti-
bodies included rabbit monoclonal anti-total c-Met (clone
SP44, Spring Bioscience, Pleasanton, CA; 1: 400 dilution)
and mouse monoclonal anti-CD44v6 (clone VFF-18,
Abcam, Cambridge, UK; 1: 200 dilution). A negative
control was prepared by omitting the primary antibody.
Antibody binding was visualized using a Vectastain Elite
ABC kit (Vector Laboratories, Burlingame, CA). The
slides were incubated in 3,3’-diaminobenzidine tetrahy-
drochloride (DAB) with 0.05% hydrogen peroxide for 80 s
(c-Met) and 40 s (CD44v6). Finally, the slides were
counterstained with 0.1% hematoxylin for 30 s. Normal
human placenta tissue was used as a positive control for
c-Met, and normal human esophageal tissue from the same
patients was used as a positive control for CD44v6.



Role of c-Met and CD44v6 Expression in ESCC

901

FIG. 1 Representative
immunohistochemistry results.
(a) c-Met staining in the normal
esophagus and (b) normal
placenta (positive control).

(¢) 0, no staining; (d) 14,
weaker than the basal layer,

(e) 2+ , staining with the same
intensity as the basal layer, and
(f) 34 , stronger than the basal
layer. (g) CD44v6 staining in
the normal esophagus. (h) 0, no
staining, (i) 14 , weaker than
the basal layer, (j) 2+ , staining
with the same intensity as the
basal layer, and (k) 34,
stronger than the basal layer.
Scale bar: 100 pm

Evaluation of Immunohistochemical Staining

Both c-Met and CD44v6 expression were evaluated in
five randomly selected images of representative areas at a
magnification of 100 with a high-power field. Staining
intensities were evaluated according to the following
classification: 0, no staining; 14+ , weaker than the basal
layer; 2+, the same intensity as the basal layer; 34 ,
stronger than the basal layer. Staining proportions were
determined as the percentage of positive cells with each
intensity. Finally, we calculated an H-score by summing
the values obtained when multiplying the intensities and
proportions at each intensity.”>*® The cases scoring higher
than the cutoff value, according to the median of each
H-score, were c-Met and CD44v6 positive, and the others
were c-Met and CD44v6 negative. All specimens were
examined independently by two observers (T.H. and T.M.)
blinded to the patient’s clinical findings, and one patholo-
gist (N.M.) confirmed their diagnosis.

Statistical Analysis

The relationship between c-Met and CD44v6 expression
and the clinicopathological factors was analyzed using the
Chi-squared test for categorical variables and Student’s
t test for continuous variables. The relationship between
c-Met and CD44v6 H-score was estimated using Pearson’s
rank correlation coefficient. Overall survival (OS) was
defined as the time elapsed from the date of surgery to the
date of death from any cause. The survival rate was esti-
mated using the Kaplan—-Meier method, and survival was
compared using the log-rank test for two comparisons and
Bonferroni’s method for multiple comparisons. A multi-
variate Cox proportional hazard regression model was used
to analyze the independent prognostic factors. P values

< 0.05 were considered to indicate significance. Statistical

®

analyses were performed using JMP Pro~ 13 software

(SAS Institute Inc., Cary, NC).
RESULTS

c-Met and CD44v6 Expression Status in Normal
Epithelium and Cancer

The representative immunohistochemistry (IHC) results
for c-Met and CD44v6 in ESCC, normal esophagus, and
positive control are shown in Fig. 1. For ESCC, c-Met
staining was localized primarily in the cytoplasm and
membrane, whereas CD44v6 staining was observed pri-
marily in the membrane. Both c-Met and CD44v6 stained
homogeneously in tumor areas in the majority of cases (the
proportion of homogeneous c-Met and CD44v6 staining;
87.8% and 87.8%, respectively). The median H-score
based on IHC results for c-Met was 90 (range 20-280), and
the proportion of c-Met-high was 49.7% (73/147) when
using the median H-score as a cutoff. Similarly, the median
H-score for CD44v6 THC was 110 (range 30-270) and the
proportion of CD44v6-high 50.3% (74/147). The grading
of immunostained sections was almost identical with the
two observers, with interobserver variation < 10%.

Concordance of c-Met and CD44v6 Expression

The relationship between c-Met and CD44v6 expression
in resected ESCC specimens is shown in Fig. 2. The rate of
co-expression (double positive for c-Met and CD44v6) was
identified in 28.6% (42/147) of all cases, whereas iso-ex-
pression (high expression of either c-Met or CD44v6) and
double-negative (low expression of both c-Met and
CD44v6) expression was observed in 42.8% (63/147) and
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28.6% (42/147) of all cases (Fig. 2a). A weak but signifi-
cant correlation was observed between c-Met and CD44v6
expression (r = 0.24, P = 0.0033; Fig. 2b).

Correlation Between c-Met/CD44v6 Expression
and Clinicopathological Parameters

The relationships between clinicopathological parame-
ters and expression status of c-Met and CD44v6 were
analyzed as shown in Table 1. The c-Met-high group
(n = 73) had a significantly higher proportion of advanced
pT stage (54.8% vs. 31.1%, P = 0.0037) and pM stage than
the c-Met-low group (n = 74; 11.0% vs. 2.7%, P = 0.047).
Furthermore, significantly more patients in the c-Met-high
group received preoperative chemotherapy compared with
the c-Met-low group (64.4% vs. 43.2%, P = 0.010).
However, the expression of c-Met was associated with
neither a clinical nor pathological response to NACT.

On the other hand, protein accumulation of CD44v6
significantly correlated with advanced stage, including
advanced pT stage (52.7% vs. 32.9%, P = 0.015) and pN
stage (70.3% vs. 52.1%, P = 0.023). In addition, high
expression of CD44v6 was significantly associated with a
poor clinical response to NACT in 79 cases (responders
53.5% vs. 77.8%, P = 0.025). Neither chemotherapy regi-
mens significantly correlated with the expression of two
molecules (ACF (%): c-Met high vs. low 76.7% vs. 86.1%,
P =0.29; CD44v6 high vs. low 78.7% vs. 84.4%,
P =0.53).

Survival Analysis

The c-Met-high group had significantly worse OS than
the c-Met-low group in all 147 cases (5-year OS 39.0% vs.
72.0%, P < 0.0001; Fig. 3a). When divided into two sub-
groups according to the presence of preoperative treatment,
this trend was observed in both nonpreoperative therapy
(non-NACT group; n = 68, 5-year OS 43.4% vs. 67.7%,
P =0.0046) and the NACT group (n =79, 5-year OS
38.0% vs. 77.0%, P = 0.0003) as shown in Supplemental
Figs. Sla, d. Patients with high expression of CD44v6

c-Met (H-score)

tended to have worse OS than those with low CD44v6
expression in all cases but with no significant difference (5-
year OS 49.0% vs. 61.7%, P = 0.21; Fig. 3b). A similar
trend was observed in patients who underwent NACT
(n =179, 5-year OS 45.8% vs. 63.1%, P = 0.15) but com-
parable OS was obtained in the non-NACT group (n = 68,
S5-year OS 52.6% vs. 60.4%, P = 0.82; Supplemental
Figs. S1b, e).

When categorized into three subgroups based on the
pattern of c-Met and CD44v6 immunostaining, the 5-year
OS of patients with co-expression, iso-expression, and
double-negative c-Met and CD44v6 expression were
36.8%, 52.9%, and 77.3%, respectively (Fig. 3c). Notably,
patients with c-Met and CD44v6 co-expression had sig-
nificantly worse OS than those with double-negative
expression (P = 0.0002), whereas there was no significance
compared with those with iso-expression (P = 0.37). This
trend was more remarkable in the NACT group (Supple-
mental Figs. Slc, f). The 5-year OS of patients with co-
expression, iso-expression, and double-negative c-Met and
CD44v6 expression was 29.3%, 59.9%, and 80.4%,
respectively. However, the OS of the three groups was
comparable in the non-NACT group (56.2%, 42.2%, and
75.1%, respectively).

We further performed survival analysis according to
c-Met/CD44v6 expression in pT and pN subgroups,
respectively (Supplemental Figs S2a-d). In the pT1-2
group, patients co-expressing c-Met and CD44v6 had sig-
nificantly worse OS than those with double-negative
expression (5-year OS: 33.3% vs. 77.9%, P = 0.0014).
Similarly, survival of patients co-expressing c-Met and
CD44v6 tended to be worse as compared to those with iso-
expression, however, with no statistical significance (5-
year OS: 33.3% vs. 62.7%, P = 0.24). Although a similar
trend was observed in the pT3-4 group, survival difference
was not statistically significant among the three groups (5-
year OS: double-negative vs. iso-expression Vs. cO-€X-
pression 75.0% vs. 43.7% vs. 39.7%, P = 0.32). On the
other hand, in the pN1-3 group, patients co-expressing
c-Met and CD44v6 showed significantly worse OS than
those with double-negative expression (5-year OS: 18.9%
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TABLE 1 Relationship between c-Met and CD44v6 expression and clinicopathological characteristics

Characteristic Classification c-Met expression CD44v6 expression
Positive Negative P value Positive Negative P value
(n="173) (n="174) (n="174) (n="173)
Age (year) Median (range) 65 (35-85) 66 (51-84) 0.92 65 (35-85) 67 (45-84) 0.23
Gender 0.86 0.053
Male 61 (83.6%) 61 (82.4%) 57 (77.0%) 65 (89.0%)
Female 12 (16.4%) 13 (17.6%) 17 (23.0%) 8 (11.0%)
Tumor location 0.46 0.84
Upper 12 (16.4%) 9 (12.2%) 11 (14.9%) 10 (13.7%)
Middle, lower 61 (83.6%) 65 (87.8%) 63 (85.1%) 63 (86.3%)
Preoperative 0.010 0.29
chemotherapy
Absent 26 (35.6%) 42 (56.8%) 31 (41.9%) 37 (50.7%)
Present 47 (64.4%) 32 (43.2%) 43 (58.1%) 36 (49.3%)
Histology 0.72 0.10
Well, Moderate 58 (79.5%) 57 (77.0%) 62 (83.8%) 53 (72.6%)
Poor 15 (20.5%) 17 (23.0%) 12 (16.2%) 20 (27.4%)
pT* 0.0037 0.015
TO-2 33 (45.2%) 51 (68.9%) 35 (47.3%) 49 (67.1%)
T3-4 40 (54.8%) 23 (31.1%) 39 (52.7%) 24 (32.9%)
pN* 0.072 0.023
NO 23 (31.5%) 34 (45.9%) 22 (29.7%) 35 (47.9%)
N1-3 50 (68.5%) 40 (54.1%) 52 (70.3%) 38 (52.1%)
pM* 0.047 0.052
MO 65 (89.0%) 72 (97.3%) 66 (89.2%) 71 (97.3%)
Ml 8 (11.0%) 2 (2.7%) 8 (10.8%) 2 (2.7%)
Parameter Classification  c-Met expression CD44v6 expression
Positive (n = 47) Negative (n = 32) P value Positive (n =43) Negative (n = 36) P value
Chemotherapy regimen 0.53 0.29
ACF 37 (78.7%) 27 (84.4%) 33 (76.7%) 31 (86.1%)
DCF 10 (21.3%) 5 (15.6%) 10 (23.3%) 5 (13.9%)
Clinical response 0.20 0.025
PD-SD 14 (29.8%) 14 (43.8%) 20 (46.5%) 8 (22.2%)
PR 33 (70.2%) 18 (56.3%) 23 (53.5%) 28 (77.8%)
Pathological response 0.87 0.72
Grade 0-1a 30 (63.8%) 21 (65.6%) 27 (62.8%) 24 (66.7%)
Grade 1b-2 17 (36.2%) 11 (34.4%) 16 (37.2%) 12 (33.3%)

*UICC 7Tth

vs. 83.3%, P =0.0002). A similar trend was observed
when comparing to those with iso-expression (5-year OS:
18.9% vs. 40.3%, P = 0.070). However, there was no
significant difference of survival among the three groups in
the pNO group (5-year OS: double negative vs. iso-ex-
pression vs. co-expression 72.6% vs. 73.9% vs. 81.8%,
P =0.18).

Univariate analysis of OS identified pT, pN, pM stage,
and co-expression of c-Met and CD44v6 as significant in
all cases (P = 0.018, 0.0003, 0.0043, and 0.0050, respec-
tively; Table 2). Multivariate analysis further identified
c-Met and CD44v6 co-expression (hazard ratio [HR] 1.79,
95% confidence interval [CI] 1.03-3.04, P = 0.038) as
independent prognostic factors, along with pN (HR 2.28,
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FIG. 3 Kaplan-Meier survival analysis of overall survival for a total of 147 ESCC patients classified by (a) c-Met expression, (b) CD44v6

expression, and (c) both c-Met and CD44v6 expression

TABLE 2 Univariate and
multivariate analysis of overall
survival

Variable

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Gender (male/female)

Age (= 60/< 60 yr)
Location (Mt-Lt/Ut)
Histology (poor/well or mod)

Preoperative chemotherapy (yes/no)

pT (3-4/0-2)*
PN (1/0)*
pM (1/0)*

c-Met and CD44v6 co-expression (yes/no)

1.29 (0.67-2.81) 0.46
1.02 (0.59-1.86)  0.95
1.07 (0.55-2.32) 0.85
1.22 (0.67-2.12)  0.50
1.11 (0.67-1.87)  0.68

1.84 (1.11-3.06) 0.018 1.43 (0.85-2.42) 0.18
2.81 (1.59-5.31)  0.0003 2.28 (1.25-4.38)  0.0063
3.57 (1.56-7.17)  0.0043 2.46 (1.05-5.08) 0.039
2.16 (1.27-3.60)  0.0050 1.79 (1.03-3.04)  0.038

*UICC 7th

95% CI 1.25-4.38, P = 0.0063) and pM stage (HR 2.46,
95% CI 1.05-5.08, P = 0.039; Table 2).

DISCUSSION

In the present study, high expression of c-Met was sig-
nificantly associated with advanced pT, pM, and the
presence of preoperative chemotherapy in ESCC patients,
whereas CD44v6-high expression correlated with advanced
pT, pN, and poor clinical response to NACT. Notably,
double-positive expression of c-Met and CD44v6 was
identified in 28.6% of all cases and was shown to be an
independent prognostic factor in ESCC, implying that both
c-Met and CD44v6 could be therapeutic targets in ESCC.

c-Met expression has been reported to be elevated in
several types of cancer, including lung, breast, ovary,
kidney, colon, thyroid, liver, and gastric carcinoma. This
upregulation of c-Met is considered to be the result of
transcriptional activation, hypoxia-induced overexpression,
or amplification.*® In fact, a DNA amplification rate of 9%
has been reported for c-Met in both ESCC and esophageal
adenocarcinoma.*”*! Downstream signaling of c-Met is
well-known to prompt various biological activities in
cancer cells, including cell motility, invasion, and metas-
tasis, via the MAPK, P13 K/Akt, and ATAT pathways.'’

On the other hand, expression of CD44v6, generated by
alternative splicing of CD44, is reported to correlate with
tumor progression, metastasis, and chemoresistance in
prostate, colorectal, pancreatic, and esophageal cancer.***?
Furthermore, clinical trials and in vivo studies of targeted
therapy for c-Met or CD44v6 have been performed in
several types of cancer, including hepatocellular, gastroe-
sophageal, and pancreatic carcinoma.'”**** Because HGF-
induced c-Met phosphorylation depends on CD44v6 for its
activation or signaling, we considered it to be important to
evaluate the expression status of both c-Met and CD44v6
to assess the biological features of resected ESCC
specimens.”?

The expression of c-Met and CD44v6 in ESCC, as
determined by IHC, has been reported to be 43.3-69.2%
and 22.0-77.6%, respectively, which is consistent with the
present results. In addition, high expression of c-Met and
CD44v6 is associated with advanced tumors and poor
survival 2272238434546 1y the present study, c-Met-high
expression was significantly associated with advanced pT,
pM stage, and unfavorable prognosis. High CD44v6
expression, on the other hand, correlated with advanced pT,
pN stage, and poor clinical response to NACT, but it did
not negatively influence the prognosis of ESCC patients.
Furthermore, we evaluated the expression of both c-Met
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and CD44v6 in resected ESCC specimens for the first time,
identifying 28.6% of all patients as double-positive, which
was confirmed using an independent prognostic factor.

In the current study, the c-Met-high group had a sig-
nificantly higher proportion of patients with NACT than
the c-Met-low group, and CD44v6-high expression was
significantly related to a poorer clinical response to NACT.
This finding is consistent with previous reports, because
these molecules are considered to be a cancer stem-cell
marker associated with tumor initiation, propagation, and
resistance to conventional chemotherapy and radiation, as
previously reported in several types of cancer.'®'!?-*
Considering the prognostic implication of double-positive
c-Met and CD44v6 expression as an independent prog-
nostic factor, these results imply that a novel therapy
targeting both c-Met and CD44v6 may be more effective
than one targeting each of them in ESCC.

We acknowledge some limitations to this study. First, we
did not analyze the more precise status of “co-expression”
of c-Met and CD44v6 by comparing the localization of
immunostaining in serial sections of resected specimen.
Second, the phosphorylation status of c-Met or expression of
HGF, a ligand of c-Met, was not evaluated. Finally, although
we assessed the relationship between chemoresistance and
the expression of these two molecules by IHC in resected
specimens from patients who underwent NACT, the more
detailed relationship between chemoresistance and the
expression of two molecules could be clarified by a com-
parison with IHC results in pretherapeutic biopsy samples.

CONCLUSIONS

This report is the first to clarify the correlation between
c-Met and CD44v6 expression as determined by IHC and
the impact of this expression on clinicopathological
parameters, including prognosis, in ESCC. Although the
present results should be validated in the future, they may
help us to understand further the mechanism of chemore-
sistance in ESCC. In addition, these two molecules could
be therapeutic targets in ESCC.
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