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Cancer Stem Cell Marker in Circulating Tumor Cells:
Expression of CD44 Variant Exon 9 Is Strongly
Correlated to Treatment Refractoriness,
Recurrence and Prognosis of Human Colorectal Cancer
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Abstract. Background/Aim: The expression of the CD44
variant exon 9 (CD44v9) was investigated in order to
elucidate its significance for cancer stem cells in circulating
human colorectal cancer cells (CTCs). Materials and
Methods: After peripheral blood was drawn from patients
with colorectal cancer, CTCs were collected. Using the
reverse transcription-polymerase chain reaction method, we
examined the relationship between expression of CD44v9
mRNA and prognosis. Results: In 60 out of 150 patients with
colorectal cancer, expression of CD44v9 mRNA was positive
in CTCs. In patients with stage IIl disease, the 5-year
survival rate was 89% for patients with negative CD44v9
expression, whereas it was 52.4% in patients with positive
expression (p<0.05). In patients with stage 1V unresectable
cancer, the 2-year survival rate was 70.1% in cases with
CDA44v9-negative expression and 33.3% in cases of positive
expression (p<0.05). Conclusion: CD44v9 mRNA in the
CTCs of colorectal cancer is useful as a factor predicting
recurrence, prognosis, and treatment efficacy.

Colorectal cancer is highly prevalent compared to other
malignant tumors, and recurrence/metastasis frequently occur
in the form of hematogenous metastasis to liver and lungs
(1-4). In other words, effective counter-measures against
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hematogenous metastasis will improve the survival rate of
patients with colorectal cancer. In general, hematogenous
metastasis of colorectal cancer proceeds in the following
sequence: dissociation of cancer cells from the primary
lesion, entry into capillary vessels, spread to the whole body
via the portal and greater circulatory systems, adhesion to
vascular endothelial cells in the target organ, extravasation,
and invasion and growth (5). Thanks to the recent elucidation
of the metastatic mechanism, treatments have become
available in clinical settings that target several molecules
expressed on the cell surface and angiogenic growth factor,
and prognoses have improved (6-8). According to recent
perception, not all cancer cells are able to grow or resist
drugs, only certain cancer cells, namely cancer stem cells,
have such capabilities (9).

It is generally understood that the role of stem cells in
healthy tissue is to continuously retain the capacity to
produce the constitutive cells of the tissue (10). Likewise,
cancer stem cells are considered to retain the capability of
self-duplication and self-differentiation, in addition to drug
resistance and immune evasion. In 1994, Dick et al. first
identified cancer stem cells in malignant tumors when they
found leukemia-developing cells in human acute myeloid
leukemia by using a molecular marker. Subsequently, stem
cells were found in such solid tumors as breast cancer, brain
tumor and colorectal cancer (11-18). For colorectal cancer in
particular, leucine-rich repeat-containing G-protein-coupled
receptor 5, CD133, and CD44 were identified as the markers
for cancer stem cells (11, 19, 20). The CD44 gene is
positioned on the short arm of chromosome 11 and has a
transmembrane structure (21, 22). The gene consists of
multiple exons inserted, by an alternative splicing
mechanism, into the extracellular domain near the
transmembrane domain. It have also been reported that this is
associated with growth, invasion, and metastasis of cancer
cells. In stomach cancer and colorectal cancer with
hematogenous metastasis in particular, CD44 variant exon 6
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and CD44 variant exon 9 (CD44v9) are frequently expressed
in the primary lesion (23-26). According to recent reports,
CD44v8 through 10 bind to the xCT proteins that constitute
the cystine/glutamic acid transporter on cell membranes to
inhibit accumulation of active oxygen in cancer cells that can
therefore escape activation of oxidative stress (27).
Furthermore, CD44v9 is an important factor for cancer stem
cells in colorectal cancer (28).

Accordingly, we investigated the relationship between
expression of CD44v9 in the blood and the recurrence and
survival rates for colorectal cancer, considering that cancer
cells travel through blood vessels in hematogenous metastasis,
and that CD44v9 plays an important role in cancer stem cells.

Materials and Methods

Patients and sample collection. Blood (20 ml) was drawn by vein
puncture from 150 patients with sporadic colorectal cancer and from
15 healthy volunteers at the First Department of Surgery, University
of Fukui, Japan between 2003 and 2011. According to the TNM
classification (29), 24, 35, 55, and 36 tumors were Dukes’ stage I,
II, I1I, and IV respectively.

To avoid contamination with skin cells, 5 ml blood were discarded
before the study samples were taken. Blood was processed with the
OncoQuick density gradient system according to the manufacturer’s
instructions (Greiner Bio-One GmbH, Frickenhausen, Germany).

Tumor cells obtained by density gradient centrifugation were
suspended in 400 ul phosphate-buffered saline. Negative control(no
epithelial cells) of this system was used by 20ml blood of healthy
volunteers.

RT-PCR. Total RNA was extracted from tumor cells using ISOGEN
(Wako, Tokyo Japan), and reverse transcribed using using Prime
Script RT reagent kit (Takara, Otsu Japan) (30). The primers for
PCR to amplify CD44v9 gene-coding regions were as follows: The
5’ primer, CD44v9-AX, was the published human CD44v9 sequence
(31): TTCTCTACATCACATGAAGGC. The 3’ primer, CD44v9-
BX, was GCTTGATGTCAGAGTAGAAGT. Thirty cycles of
denaturation (94°C, 1 min), annealing (55°C, 1.0 min), and
extension (72°C, 2 min) were carried out in a thermal cycler (PTC-
100, Programmable Thermal Controller; NJ Research Inc., MA,
USA). The amplified products were purified using QIAquick PCR
Purification kit (Qiagen, Hilden, Germany). The products were used
for a second round of PCR amplification for 30 cycles using two
primers: the 5° primer, CD44v9-CX, ATGAAGGCTTGGAAGAA
encompassed the published human regular CD44v9 sequence; the
3’ primer, CD44v9-DX, was GTAGAAGTTGTTG. Thirty cycles of
denaturation (94°C, 1 min), annealing (50°C, 1.5 min), and
extension (72°C, 2 min) were carried out in a thermal cycler (PTC-
100, Programmable Thermal Controller; NJ Research Inc.). All PCR
product, were resolved by electrophoresis in 1.2% agarose gel. The
sequencing was performed on PCR products that showed bands in
RT-PCR analysis. Sequence analysis showed the presence of the
CD44v9 gene.

Semi-quantitative detection of mRNA. Ethidium bromide staining of

the gels identified a band of the CD44v9 gene. To ensure
reproducibility, all PCR amplifications were performed in duplicate.
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Figure 1. CD44 variant exon 9 (CD44v9) mRNA expression in the CTCs
of patients with colorectal cancer. CD44v9 mRNA expression was shown
in patients with colorectal cancer, although at different levels. The
expression of CD44v9 mRNA was observed in 60 (40%) out of the 150
samples of CTCs from patients with primary colorectal cancer. Lane 1
and Lane2; Positive expression of CD44v9 mRNA, Lane 3; Negaitive
expression of CD44v9 mRNA,, M; DNA size marker.

Densitometric analysis of photographed gels was used for band
quantification (32). Positive case; the band was confirmed, Negative
case; the band was not confirmed.

Statistical considerations. Survival time was calculated using the
Kaplan—Meier method, and the log-rank test was used to compare
the curves of the survival times using Stat Mate IV (ATMS Co.,
Ltd., Japan). Other characteristics of the two treatment arms were
compared using the chi-square test using Stat Mate IV (ATMS Co.,
Ltd.). The Cox proportional hazards model was used in multivariate
regression analyses of survival date (IBM SPSS Statistics for
Windows, Version21.0, IBM Corporation, Armonk, NY, USA).
Differences were considered significant at p-values less than 0.05.

Results

Expression of CD44v9 mRNA in the CTCs of patients with
colorectal cancer. Figure 1 shows representative cases of
CD44v9 mRNA expression, as demonstrated by the nested
PCR technique. Out of 150 colorectal cancer cases, 60 (40%)
had the expression of CD44v9 mRNA. The expression of
CD44v9 mRNA was not detected in fifteen healthy volunteers.

Relationship between expression of CD44v9 mRNA and
clinicopathological findings. The correlations between
expression of CD44v9 mRNA and lymph node metastasis,
peritoneal dissemination, hematogenous metastasis and TNM
stage were significantly high, although no signicant
difference in expression of CD44v9 mRNA was noted
regarding gender, age, location, histological type, serosal
invasion, lymphatic invasion, and venous invasion (Table I).

CD44v9 mRNA expression in the CTCs of patients with
different stages of colorectal cancer. The expression of
CD44v9 mRNA was found in the CTCs of 17 out of 59
patients with stage I-II colorectal cancer (28.8%); 20 out of
55 patients with stage III (36.4%); and 23 out of 36 patients
with stage IV disease (63.9%), indicating that the number of
cases with CD44v9 mRNA expression increases with
progression of tumor stage (Table I).
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Table 1. Correlation between clinicopathological features and CD44v9
mRNA expression.

Table II. Correlation between CD44v9 expression and recurrence rate in
stage Il colorectal cancer.

CD44v9
mRNA-positive

No.of No. of % p-Value
cases cases
All cases 150 60 40.0
Gender 0.632
Male 91 35 38.5
Female 59 25 424
Age (average=660.5), years 0.306
<55 28 14 50.0
=55 to <65 27 13 48.1
=65 to <75 43 14 32.6
=75 52 19 36.5
Location 0.522
Right colon 50 21 42.0
Left colon 40 13 325
Rectum 60 267 36.5
Histological type 0.321
Well+mod 137 56 409
Poor 9 4 44 4
Other 4 0 0
Serosal invasion 0.095
Negative 75 25 333
Positive 75 35 46.7
Lymphatic invasion 0.371
Negative 25 8 32.0
Positive 125 52 37.6
Venous invasion 0.237
Negative 35 11 314
Positive 115 49 42.6
Lymph node metastasis 0.005
Negative 63 17 27.0
Positive 87 43 494
Peritoneal metastasis 0.001
Negative 138 50 36.2
Positive 12 10 833
Hematogenous metastasis 0.013
Negative 124 44 355
Positive 26 16 61.5
TNM stage 0.004
I 24 5 20.8
II 35 12 343
111 55 20 36.4
v 36 23 63.9

Well, Well-differentiated adenocarcinoma; mod, moderately differentiated
adenocarcinoma; Poor, poorly differentiated adenocarcinoma.

Expression of CD44v9 mRNA and recurrence rate in stage I-
III colorectal cancer. The recurrence rate in stage III
colorectal cancer was five out of 35 cases (14.3%) when
expression of CD44v9 mRNA was negative in CTCs, and
significantly higher, eight out of 20 cases (40%), when
expression was positive (Table II). In Stages I and II, no
significant difference was observed in the recurrence rate

All cases Recurrence % p-Value*
CD44v9 No 35 5 14.3 <0.05
Yes 20 8 40.0

*Determined using Student’s z-test.

between cases with negative and those with positive
expression of CD44v9 mRNA.

Expression of CD44v9 mRNA in CTCs and survival rate in
stage III colorectal cancer. In stage III colorectal cancer, the
S-year survival rate was 89.5% in cases with negative
expression, and 52.4% in positive cases, showing that
survival rate was significantly poorer in cases of positive
CD44v9 mRNA expression (Figure 2). In stages I-II, no
significant difference was observed in survival rate between
cases with negative and those with positive CD44v9 mRNA
expression.

Relationship between CD44v9 mRNA expression in CTCs
and survival rate in cases with unresectable stage 1V
colorectal cancer. The 2-year survival rate in patients with
unresectable stage IV colorectal cancer was 70.1% in cases
of negative CD44v9 mRNA expression, and significantly
lower at 33.3% in cases of positive CD44v9 mRNA
expression (Figure 3).

CD44v9 mRNA as a new prognostic factor in colorectal
cancer. Univariate analysis using the Cox proportional
hazard model showed significant differences in CD44v9
mRNA expression, serosal invasion, venous invasion, lymph
node metastasis, peritoneal metastasis, and hematogenous
metastasis. Multivariate showed significant
differences in CD44v9 mRNA expression, seroral invasion,

analysis

lymph node metastasis, and hematogenous metastasis. The
hazard ratio for CD44v9 mRNA expression was 4.445 (95%
confidence interval=1.689-11.693) (Table III).

Discussion

Hematogenous metastasis is considered a prognosis-
determining factor in colorectal cancer. In actual clinical
settings, stage classification is conducted with regard to
tumor depth, lymph node metastasis, and distant metastasis
(1-4). Depending on stage, chemotherapy, efc. is carried out.
However, for patients with stages I-III disease, recurrence
occurs in some cases but not in others, even within the same
stage (4). Therefore, important factors may exist other than
those currently considered.

241



ANTICANCER RESEARCH 35: 239-244 (2015)

Table II1. Pathological findings and CD44v9 mRNA as prognostic factor for patients with colorectal cancer. The Cox proportional hazards model was

used in multivariate regression analyses of survival data.

Univariate analysis

Multivariate analysis

Factor Hazard ratio 95% CI p-Value Hazard ratio 95% CI p-Value
Gender 1.017 0.343-1.458 0.707
CD44v9 mRNA 3.589 1.643-7.839 <0.001 4.445 1.689-11.693 0.003
Serosal invasion 7.779 2.711-22.317 <0.001 3.384 1.057-10.833 0.040
Lymphatic invasion 26.509 0.384-1829.187 0.129
Venous invasion 4.270 1.017-17.931 0.047 0.428 0.080-2.293 0.428
Lymph node metastasis 11.583 2.758-48.643 <0.001 5.694 1.176-27.575 0.031
Peritoneal metastasis 6.134 2.458-15.309 <0.001 0.532 0.169-1.678 0.282
Hematogenous metastasis 9.696 4.671-20.125 <0.001 7.526 3.217-17.604 <0.001
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Figure 2. Relationship between CD44v9 mRNA expression and survival
rate in patients with stage Il colorectal cancer. The 5-year survival rate
was 89.5% in patients with CD44v9 mRNA-negative cancer but
significantly poorer, 52.4% in those with CD44v9 mRNA-positive cancer.
Life-table analysis was performed using the Kaplan—Meier technique.
The outcomes of different groups of patients were compared by the log-
rank test (p<0.05).

Recently the concept of intratumoral heterogeneity has
undergone substantial change. At the 2006 American
Association for Cancer Research Congress, cancer stem cells
were defined as the “cells existing in the tumor with self-
renewal capacity and the ability to produce various lineages
of tumor-forming cancer cells” (33). Furthermore, cancer
stem cells may be drug-resistant and have immune evasion
capability, possibly causing treatment refractoriness and
recurrence (28, 33). In 2007, stem cells of colorectal cancer
were reported and CD44 was extracted as one of their
markers (11). CD44 is a transmembrane protein, and a
variant exon insertion may sometimes be found outside the
cell membrane. A CD44 molecule with several variant exon
insertions has been identified in hematopoietic cells and
various healthy tissues, as well as in epithelial cancer cells
(34). In malignant tumors, the level of malignancy, including
metastasis, has been reported to be closely related to the type
of variant exon insertions in malignant tumors, and its
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Figure 3. Relationship between CD44v9 mRNA expression and survival
rate in patients with unresectable stage 1V colorectal cancer. The 2-year
survival rate was 70.1% in patients with CD44v9 mRNA-negative cancer
but significantly poorer, 33.3% in those with CD44v9 mRNA-positive
cancer. Life-table analysis was performed using the Kaplan—Meier
technique. The outcomes of different groups of patients were compared
by the log-rank test (p<0.05).

importance has been reported (23-26, 35-37). In our recent
study on colorectal cancer variants, we found that cells with
CD44v9 expression have the characteristics of cancer stem
cells, such as drug resistance, survival capability, and tumor-
forming ability, reconfirming the importance of the
expression of CD44v9 (28). The spread of cancer cells to
distant organs in hematogenous metastasis is considered to
occur via blood, and the involvement of CTCs has been
confirmed (5). Previous studies on CTCs in the blood
referred to the measurement of carcinoembryonic antigen
(CEA) mRNA and cytokeratin mRNA, as well as expression
of epithelial cell adhesion molecule (38-42). However, these
studies may have included cancer stem cells, non-cancer
stem cells, and other various types of cancer cells, since the
presence of cancer cells in the blood did not match the
recurrence rate. Therefore, our study on the expression of
CD44v9 mRNA, a marker for cancer stem cells in CTCs, is
significant in view of recurrence and treatment resistance of
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cancer. According to our findings, prognosis is poorer in
cases of unresectable colorectal cancer with CD44v9 mRNA
expression in CTCs compared to cases with no such
expression. This is probably because of the acquisition of
drug resistance and immune evasion capability, possibly
involving cancer stem cells. The same theory may be
applicable to stage III cases associated with a high
prevalence of recurrence, as the recurrence rate was
significantly higher and prognosis poorer in cases with
CD44v9 mRNA expression compared to the cases without
expression. According to our results, cancer stem cells are
likely to be involved when CD44v9 mRNA is expressed in
CTCs, and the prognoses for these cases will be poor owing
to a high recurrence rate and drug resistance.

Expression of the CD44v9 mRNA marker for human
colorectal cancer in CTCs is considered to be a good
indicator for recurrence rate, drug resistance, and subsequent
prognosis.
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