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Abstract

Purpose CD44v6 plays a controversial role in tumor pro-

gression and patient outcome in colorectal cancer by plenty

of conflicting reports. The purpose of this study was to

profile the intratumoral heterogeneity of CD44v6 in rectal

cancer and investigate its role in lymph node metastasis.

Methods Sixty patients were included in this study.

Immunohistochemistry for CD44v6 was performed in

normal mucosa, primary tumor, and lymph node metastasis

with whole tissue sections. The staining intensity in tumor

center and invasive front was separately measured. Sam-

pling bias was evaluated by quantitative real-time PCR

with 15 pairs of frozen tissues from different sites of the

primary tumor.

Results CD44v6 expression increased from normal

mucosa to primary tumor to lymph node metastasis. Mul-

tiple intratumoral staining patterns was observed in pri-

mary tumor, and CD44v6 expression in invasive front was

significantly higher than that in tumor center. In addition,

mRNA expression levels differed across different geo-

graphical regions of the tumor. No association between

CD44v6 expression and lymph node metastasis was

revealed.

Conclusions Substantial intratumoral heterogeneity of

CD44v6 exists in rectal cancer that impacts the outcome of

individual studies. CD44v6 expression should be assessed

in a more precise way with a specified staining pattern and

in a designated location.
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Introduction

The v6 containing CD44 isoform (CD44v6) is a member of

CD44 family that is generated through alternative mRNA

splicing [1]. It has been extensively studied in the past few

decades since it is involved in many important roles in tumor

development and progression. Evidence showed that

CD44v6 inversely correlated with cell differentiation, con-

tributed to epithelial-mesenchymal transition and conferred

malignant cells with cancer stem cell properties [2–5].

However, the prognostic role of CD44v6 in colorectal cancer

remains controversial by plenty of conflicting reports. In

2009, Zlobec et al. found that loss of membranous CD44v6

expression in colorectal cancer was significantly associated

with tumor progression and poor prognosis via tissue

microarray analysis with a large sample size. The authors

also summarized the previous publications and found that

35 % showed adverse effect, 18 % showed favorable effect,

and 47 % showed no effect between CD44v6 expression and

prognostic outcome [6]. Recently, Wang et al. and Afify et al.

reported that up-regulation of CD44v6 contributed to col-

orectal carcinogenesis, whereas down-regulation of the

protein promoted cancer metastasis [7, 8].
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Previously, we found that CD44v6 in colorectal cancer

exhibited diverse expression patterns, implicating the

remarkable intratumoral heterogeneity in the tumor which

has not been reported. Intratumoral heterogeneity a com-

mon phenomenon in tumor as subclones of malignant cells

sprout across different geographical regions and evolve

over time [9]. It has drawn increasing recognition that the

heterogeneity impact and pose challengers for the diag-

nostic and therapeutic strategies in clinic [10, 11]. In this

study, the intratumoral heterogeneity of CD44v6 in rectal

cancer was profiled, and the prognostic value in lymph

node metastasis was investigated.

Materials and methods

Patients and specimens

Consecutive patients with primary rectal adenocarcinoma

who underwent curative surgery in the Department of

Surgical oncology, the First Affiliated Hospital of Wen-

zhou Medical University, between June 2013 and Decem-

ber 2013 were analyzed retrospectively. The following

patients were excluded: (1) those with family history of

colorectal cancer; (2) those with inflammatory bowel dis-

ease; (3) those with neoadjuvant chemotherapy or radio-

therapy; or (4) those with the number of lymph nodes less

than ten in patients without lymph node metastasis. Finally,

30 patients with or without regional lymph node metastasis

(LN- and LN?), respectively, were randomly selected for

immunohistochemical staining. The paraffin-embedded

archival specimens of primary tumor, adjacent non-tumor

mucosa, and lymph nodes of each subject were obtained,

and 3.5 lm sections were cut. The clinicopathological data

are listed in Table 1. Moreover, 15 patients with a pair of

frozen tissue samples, one from the central area and the

other from the margin of the primary tumor, were selected

for quantitative real-time PCR analysis. This study was

approved by the clinical ethical committee of the First

Affiliated Hospital of Wenzhou Medical University, Zhe-

jiang, China (No. 2014055). And all the specimens were

obtained after written informed consent.

Immunohistochemistry

Immunohistochemical detection and evaluation of CD44v6

was performed as described in our previous publication

[12]. Briefly, sections were incubated with the primary

antibody CD44v6 (Abcam, USA, VFF7, 1:500), and visu-

alized using the Polink-1 HRP DAB Detection System

(ZSGB-BIO, China). The immunoreactivity and staining

pattern of CD44v6 were evaluated under a light micro-

scope (Olympus BX53, Japan). In each section, ten random

microscopic fields in primary tumor and three in adjacent

non-tumor mucosa and lymph nodes were photographed

(9400). Then mean optical density (MOD) were measured

using Image-Pro Plus6.0 software (Media Cybernetics,

USA). Of note, stromal area in tumor or mucosa was

manually excluded. In addition, MOD in the tumor center

and invasive front of the primary tumor were analyzed with

five random microscopic fields, respectively.

Quantitative real-time PCR

Tissue samples were collected from different sites of the

primary tumor (Fig. 5A). a is from the central area, b is from

the margin area, and c is from the adjacent normal mucosa.

They were conserved at -80 �C and grinded in liquid

nitrogen. a was dichotomized as a1 and a2 after grind. Total

RNA was extracted by TRIzol method (Invitrogen, USA)

followed by reverse-transcription using the Revert Aid First

Strand cDNA Synthesis Kit (Thermo Scientific, USA).

Quantitative real-time PCR was performed in triplicate by

Table 1 Clinicopathological characteristics of 60 rectal cancer

patients for immunohistochemical staining

Characteristics n (%)

Sex

Male 30 (50.0)

Female 30 (50.0)

Age (year)

\60 23 (38.3)

C60 37 (61.7)

Tumor size (cm)

\3 17 (28.3)

C3 43 (71.7)

Pathological type

Ulcerative 21 (35.0)

Protruded 39 (65.0)

Tumor grade

G1 9 (15.0)

G2 44 (73.3)

G3 7 (11.7)

Vascular and perineural invasion

Positive 21 (35.0)

Negative 39 (65.0)

Local invasion

Positive 36 (60.0)

Negative 24 (40.0)

Lymph node metastasis

Positive 30 (50.0)

Negative 30 (50.0)
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the ABI 7500 Real-Time PCR System (Applied Biosystems,

USA) using the Power SYBR Green PCR Master Mix

(Thermo Scientific, USA) according to the manufacturer’s

instructions. HPRT1 was used as an endogenous control

[13]. The primer sequences were: CD44v6: forward, 50-AG

GAACAGTGGTTTGGCAAC-30, reverse, 50-CGAATGGG

AGTCTTCTTTGG-30; HPRT1: forward, 50-GGCGTCGT

GATTAGTGAT-30, reverse, 50-CGTTCAGTCCTGTCCA

TAA-30. Relative fold changes in CD44v6 mRNA expres-

sion in tumor were determined using the comparative CT

method by normalizing to adjacent mucosa.

Statistical analyses

Both MOD and relative fold changes were comply with

abnormal distribution and expressed as median (range).

The Mann–Whitney U-test, Wilcoxon signed ranks test, or

Spearman rank correlation was used as appropriate. The

Bland–Altman plot was used to demonstrate the difference

of MOD between tumor center and invasive front. All the

statistical analyses were performed using the IBM SPSS

Statistic v21.0 software (IBM Co., USA). P\ 0.05 was

considered statistically significant in a two-tailed manner.

Results

Overview of CD44v6 expression in rectal cancer

tissues

Immunohistochemical analysis showed that CD44v6

expression was observed in 51 (85 %) primary rectal

tumor, 45 (75 %) adjacent normal mucosas, and 25 (83 %)

lymph node metastases. The typical results of negative or

positive staining were demonstrated in Fig. 1. In the

mucosa, CD44v6-positive cells were mainly located in the

bottom of the crypt epithelia, while in 21 (35 %) cases

positive staining was observed in the top area of the stro-

mal cells. In the primary tumor, obvious intratumoral

heterogeneity of CD44v6 expression was revealed. First,

positive malignant cells were not evenly distributed that

showed inhomogeneous from the tumor center to the

invasive front. Second, CD44v6 protein was subcellularly

localized to the cell membrane (10 %), the cytoplasm

(6.7 %), the apical membranous portion of the lumen

(5 %), or combination of them (78.3 %) (Fig. 2A–C).

Third, CD44v6 expression could be also distinctly detected

in non-cancerous compartment, such as the cell debris in

glandular lumen (6.7 %), the entrained adenoma cells

(3.3 %), or the stromal cells (13.3 %) (Fig. 2D–F). In the

lymph node metastasis, expression of CD44v6 was inclined

to present in the ‘‘all-or-none’’ pattern with less

heterogeneity.

Expression of CD44v6 in primary tumor, adjacent

mucosa, and lymph node metastasis

In patients with lymph node metastasis, the MOD of

CD44v6 was significantly increased from adjacent

mucosa to primary tumor and then to lymph node

metastasis (Wilcoxon signed ranks test, P = 0.015 and

P = 0.005) (Fig. 3A). The MOD value in primary tumor

was positively correlated with that in lymph node

metastasis, though some outliers or exceptional points

were observed (Spearman, r = 0.482, P = 0.007)

(Fig. 3B). However, no significant correlation was

revealed between adjacent mucosa and primary tumor.

No statistical associations were revealed between

CD44v6 expression and tumor size, pathological type,

tumor grade, vascular and perineural invasion, local

invasion, or lymph node metastasis.

Expression of CD44v6 in tumor center and invasive

front

In the primary tumor, 16 (26.7 %) sections showed

apparently inconsistent positive intensity between the

tumor center and the invasive front (Fig. 4A). Therefore,

the MOD value in the two compartments was measured

separately, which was positively correlated with each

other (Spearman, r = 0.558, P\ 0.001). However, the

MOD value in the tumor center was significantly lower

Fig. 1 Immunohistochemical staining for CD44v6 in normal

mucosa, primary tumor, and lymph node metastasis. Typical results

of negative or positive staining were showed (Bar 50 lm)
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than it in the invasive front (Wilcoxon signed ranks test,

P = 0.022) (Fig. 4B). Moreover, the Bland–Altman plot

showed that the difference between tumor center and

invasive front increased along with the average staining

intensity (Fig. 4C). No associations were revealed

between CD44v6 expression in tumor center or invasive

front or Front/Center ratio and the clinicopathologic

features described above.

Expression of CD44v6 mRNA in different sampling

site

To further test the sampling bias in CD44v6 analysis,

quantitative real-time PCR was conducted with samples

from different site of the tumor (Fig. 5A). The differences

of mRNA expression levels between a1 and a2 were from

the stochastic error of PCR analysis, and the differences

Fig. 2 Intratumoral staining patterns of CD44v6 in primary tumor.

CD44v6 was subcellularly localized to the cell membrane (A), the

cytoplasm (B), the apical membranous portion of the lumen (C). And

CD44v6 expression was also observed in the glandular lumen (D), the

entrained adenoma cells (E), or the stromal cells (F) (Bar 50 lm)

Fig. 3 Scatter diagram of

CD44v6 expression in patients

with lymph node metastasis.

The MOD value was

significantly increased from

normal mucosa to primary

tumor to lymph node metastasis

(Wilcoxon signed ranks test,

P = 0.015 and P = 0.005) (A).

A positive correlation between

primary tumor and lymph node

metastasis was revealed with

some outliers (red arrows) (B)
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between a1 and b or a2 and b were from the stochastic

error combined with different sampling sites. Data showed

that there were no differences in relative fold changes

between a1, a2, and b, but the differences between a1 and

b or a2 and b were significantly higher compared with that

between a1 and a2 (Wilcoxon signed ranks test, P = 0.012

and P = 0.027) (Fig. 5B, C), suggesting that the sampling

bias may substantially affect the outcome of CD44v6-re-

lated studies.

Discussion

In this study, CD44v6 expression in the sequence of

adjacent mucosa, primary rectal adenocarcinoma, and

lymph node metastasis was investigated with whole tissue

sections. And its association with clinicopathologic fea-

tures including lymph node metastasis was analyzed. Our

data demonstrated that the overall CD44v6 expression

intensity successively increased in the order of normal

mucosa, primary tumor and lymph node metastasis,

implicating a potential role of CD44v6 in carcinogenesis

and metastatic progression though no association with

lymph node metastasis was revealed. It is supported by

many investigators that up-regulation of CD44v6 occurs in

early colorectal adenomas and involves in the adenoma-to-

carcinoma progression [7, 8, 14]. However, the relationship

between primary tumor and matched metastatic site is

inconsistent. On one hand, increased immunoreactivity has

been observed in lymph node metastasis which associated

with adverse prognosis [15, 16]. On the other hand,

decreased positivity has been reported in liver metastases

while others found no differences between primary tumor

and metastasis [6–8, 17]. A dynamic process of gain or loss

of CD44v6 expression is assumed during metastatic seed-

ing as indicated by the outliers in the correlation analysis,

and thus affecting the outcomes of different studies.

In primary tumor, expression of CD44v6 presented

multiple intratumoral staining patterns. As to subcellular

localization, both membranous and cytoplasmic CD44v6

expression was observed in most sections which was dif-

ficult to be evaluated separately. CD44v6 is known as a

multifunctional transmembrane adhesion molecule that

closely interacted with the microenvironment [18]. Loss of

membranous expression is associated with adverse patient

outcome in several studies since lack of adhesive functions

promote tumor cell scattering [6, 7, 19]. The biological role

of cytoplasmic localization is rather unaddressed. Coppola

Fig. 4 CD44v6 expression in

tumor center and invasive front.

Typical results of inconsistent

positivity between the tumor

center and the invasive front.

The two pictures are from

different sections of two

patients. Bar 50 lm (A). The

MOD value in tumor center was

lower than that in invasive front

(Wilcoxon signed ranks test,

P = 0.022) (B). The Bland–

Altman plot showed that the

difference between tumor center

and invasive front increased

along with the average staining

intensity (C)
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et al. reported that cytoplasmic CD44v6 expression pro-

gressively increased while membranous expression

decreased from adenoma to carcinoma to liver metastasis

[14]. Zlobec et al. found that cytoplasmic expression was

positively correlated with the membranous one, but no

association with tumor progression or patient survival was

revealed [6]. Avoranta et al. found that only cytoplasmic

expression was affected by preoperative radiotherapy in

rectal cancer [19]. And our previous study showed that

CD44v6 protein can automatically localized to the mem-

brane without additional signal peptide coding sequence

after overexpression through lentiviral transduction in

sw480 cells. Therefore, the protein in the cytoplasm is

probably a precursor or recycled component of the func-

tional CD44v6 which cannot be neglected. Herein, we

revealed a new pattern that localized polarly in the apical

membranous portion of the lumen, often coupled with

positive staining in the glandular lumen, suggesting the

protein might be downregulated via exocrine secretion.

Moreover, our analyses showed that CD44v6 expression

in invasive front was significantly higher than that in tumor

center, contrary to some previous publications [6, 7]. The

discrepancy may originate from the intratumoral hetero-

geneity itself; because neither ‘‘front-positive’’ nor ‘‘front-

negative’’ pattern exerted a dominant role hence the result

may be inversed in different cohorts. CD44v6 is engaged in

matrix assembly and crosstalk with many factors from the

microenvironment, such as hepatocyte growth factor,

osteopontin, and matrix metalloproteinases [20–22]. So,

CD44v6 in the invasive front is more likely to be fast

changing and play an active role during tumor progression.

Further studies are required to elucidate the biological

significances in tumor center or invasive front. However,

the discordance between the two compartments indicated

that quantitation for CD44v6 in a localized region like

tissue microarray analysis may be misleading, as it differed

between different geographical regions. In addition, results

from quantitative real-time PCR analysis further verified

our speculation that bias from different sampling sites

impact the final consequence of individual studies. In such

cases, the presence of CD44v6 in stromal cells or non-

cancerous cells should also be concerned when using

approaches based on the average expression levels across

the whole tissue, such as quantitative real-time PCR,

genomic sequencing, and Western blotting analysis.

In summary, this study demonstrated that the overall

CD44v6 expression progressively increased from normal

mucosa to primary carcinoma to lymph node metastasis.

The substantial intratumoral heterogeneity of CD44v6

exists in rectal cancer which has different subcellular

localization patterns and differs between different geo-

graphical regions. And thus impact the outcome of indi-

vidual studies. A possible solution is to assess CD44v6

expression in a designated location of a tumor with a

specified subcellular staining pattern.
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