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Abstract—The expression profile of CD44 isoforms in 55 colorectal cancer (CRC) cell lines has been evalu-
ated based on mRNA sequencing data from the Cancer Cell Line Encyclopedia database. The distribution of
CD44 mRNA isoforms differs significantly between CRC lines. In 13 studied lines, including Caco-2 and
RKO, CD44 expression was not detected. In most other lines, isoform 3 of CD44 mRNA was the most abun-
dant; however, the level of its expression varied and it was absent in the MDST8 and SNU503 lines. The high-
est level of isoform 3 was observed in CW2 and T84 lines. The next most frequent was isoform 4 with its
expression level being lower than that of isoform 3, except for the HCT116, SNU81, NCIH508 and
SNUC4 lines. The highest expression of isoform 4 was detected in the MDST8 line, the only line in which
isoform 6 was also expressed. Isoform 2 was also present in CRC cell lines; its highest expression level was
found in the SNU503 line. Isoforms 1, 5, and 7 were not expressed in any of the studied lines. It is necessary
to take into account the mRNA expression profile of specific CD44 isoforms when choosing a cell model to
study its role in CRC.
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INTRODUCTION
In recent years, the effectiveness of therapy of col-

orectal cancer (CRC) has significantly increased in
the world; nevertheless, this oncological disease still
ranks third in the frequency of deaths [1]. More than
70% of lethal outcomes in patients with CRC are asso-
ciated with liver metastases, which are already
detected in 25% of patients during primary diagnosis
[2]. Approximately 50% of patients suffer from subse-
quently developed metastases. Currently, the progno-
sis of treatment and the choice of therapeutic regimen
are based on the TNM classification [3], which does
not accurately predict the CRC course in a patient at
an early stage of the disease. In this regard, the identi-
fication of biomarkers of malignant tumors of the
colon and rectum is a relevant task for the diagnosis
and prognosis of CRC.

More data are accumulating on the crucial role of
cancer stem cells (CSC) in the development and prog-
ress of oncological diseases [4]. This is the basis for the
assumption that the study of CSC markers is promis-
ing for CRC diagnosis and prognosis. The transmem-
brane glycoprotein CD44 belongs to the proven and

most significant CSC markers in CRC [4]. Increased
CD44 expression has been found in various oncologi-
cal diseases, including CRC [5–10].

The CD44 gene in the human body includes
19 exons, which undergo alternative splicing to form
lots of CD 44 mRNA isoforms [11, 12]. In silico anal-
ysis predicts the existence of 27 isoforms; however, the
presence of only eight of them was experimentally
confirmed (Fig. 1). The shortest isoform, consisting of
the first five (1–5) and last four (15–17, 19) exons, is
expressed in most tissue types and is regarded as the
CD44 standard isoform (CD44s). The insertion of
variable exons v2–v10 (corresponding to exons 6–14
in DNA) leads to the formation of isoforms with a
higher molecular weight (CD44v); they are only
expressed is some epithelial tissues and several types of
tumor cells [13]. CD44 variable isoforms are often
designated in accordance with numbers of variable
exons included in their mRNA (e.g., CD44v2–10).
Expression of specific CD44 isoforms is still poorly
studied; however, new data are emerging, indicating the
different functional load of CD44 isoforms [14–17].

It should be noted that the research is complicated
by the lack of the standard nomenclature of this pro-
tein’s isoforms. In other publications, researchers
often use nomenclature based either on the commer-

Abbreviations: CCLE, Cancer Cell Line Encyclopedia; CD44s,
CD44 standard isoform; CRC, colorectal cancer; CSC, cancer
stem cells.
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Fig. 1. The structural scheme of CD44 mRNA isoforms, whose existence has been confirmed experimentally.
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cial names of monoclonal antibodies, or of the vari-
able exon for which the antibodies are specific, for
instance CD44v3, CD44v6, or CD44v9. In these
cases, it is often not taken into account that the iden-
tification of a specific variable exon can lead to detec-
tion of all isoforms containing it and not just one spe-
cific protein. As an example, exon v9 may be part of
various isoforms: CD44v2–10, CD44v3–10, and
CD44v8–10, which correspond to isoforms 1, 2, and 3
in the NCBI database (Fig. 1). In view of this, total
mRNA sequencing is seen as a powerful tool for ana-
lyzing the expression profiles of CD44 isoforms. It
should also be noted that there are differences in the
designation of CD44 isoforms in the UniProt and
NCBI databases. In this work, we will adhere to the
NCBI nomenclature.

According to a recently published meta-analysis
[5], variants of CD44 mRNAs containing variable
exons v2, v3, v6 and v9 are expressed in tumors of
patients with CRC. However, the functional signifi-
cance of these exons has not yet been understood. In
this regard, studies on the role of specific CD44 iso-
forms (or a specific isoform profile) in CRC remain
relevant. To solve this problem, model cell lines with a
well-annotated expression profile of CD44 isoforms
are needed.

In this work, we have analyzed expression profiles
of CD44 mRNA isoforms in CRC cell lines using pub-
licly available total mRNA sequencing data from the
Cancer Cell Line Encyclopedia (CCLE) [18]. As a
result, more potentially relevant lines for studying the
role of CD44 isoforms in CRC were identified.
APPLIED BIOCHEMISTRY AND MICROBIOLOGY  Vo
MATERIALS AND METHODS
Processing of Sequencing Results

Public data on mRNA sequencing for 55 CRC lines
were downloaded from the CCLE portal
(https://sites.broadinstitute.org/ccle) as TPM expres-
sion tables. TPM units were obtained by normalizing
the reads first by the length of the splice variants (in
thousands of nucleotides), and then by the depth of
the library (the sum of the obtained values in millions
reads). The data set contained information on iso-
forms from 1 to 7; the data on isoform 8 (in accordance
with the NCBI nomenclature) were absent.

To analyze and visualize the distribution of expres-
sion levels of CD44 mRNA isoforms in CRC lines, we
built a heat map and carried out hierarchical clustering
using the Ward method [19]. The graphical represen-
tation of the obtained data was made using the seaborn
module of the Python programming language [20].

RESULTS AND DISCUSSION
We have analyzed the expression of CD44 mRNA

isoforms in 55 CRC cell lines using total mRNA
sequencing data from the CCLE database. As a result,
it was established that the distribution of isoforms sig-
nificantly depends on the cell line. Figure 2 shows a
heat map with hierarchical clustering of the CRC lines
by expression of CD44 mRNA isoforms.

The analyzed lines can be conditionally divided
into five groups by the expression levels of isoforms 2,
3, and 4: (1), 13 lines (from Colo320 to RKO), which
do not express any CD44 mRNA isoform, practically
or completely; (2), 17 lines (from CL11 to SW1463),
l. 58  No. 9  2022
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Fig. 2. A heat map with hierarchical clustering of CRC cell lines by expression of CD44 mRNA isoforms, built based on total
mRNA sequencing data from the CCLE database.
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which are capable of weak expression of isoform 3, and
of which about half also poorly express isoform 4; (3),
17 lines (from SNU175 to SNU1197), which are able to
express isoform 3 well, and some of which also express
isoform 4, but in an amount much lower than isoform 3
(except for the SNU81, NCIH508, and SNUC4
lines); (4), 4 lines (from НСТ116 to SNU407), in
which a similar moderate expression level of isoforms 2,3
and 4 is observed; and (5), the remaining 4 lines, in
which the expression pattern of CD44 mRNA iso-
forms significantly differs from the characteristics of
the above listed lines.

As an example, line MDST8 demonstrated a very
high level of the isoform 4 expression and a low level of
isoform 6 (the latter was only detected in this line of all
the others analyzed). An extremely high level of iso-
form 3 was found in lines CW2 and T84, while the
level of isoform 4 was below average, as was isoform 2
in the T84 line. The SNU503 line was characterized by
pronounced expression of isoform 2; isoform 4 was
also expressed. Thus, isoforms 1, 5, and 7 are not
expressed in any of the studied lines.

We note that isoform 4 corresponds to the so-called
CD44 standard isoform (CD44s) that does not con-
tain variable exons. CD44s is the most common iso-
form that is expressed in most vertebrate tissues [12,
15]. It has been found in almost all examined lines
APPLIED BIOCHEMI
expressing the CD44 gene (groups 2–5). Isoform 3
contains variable exons v8, v9, and v10 and corre-
sponds to the CD44v8‒10 (or CD44E) variant. This
isoform was previously regarded only as an epithelial
variant of the CD44 protein, since it is expressed in the
normal epithelial tissues, including intestinal, and in
the glandular epithelial tissues [13, 21, 22]. However,
later it was shown that exon v9 included into CD44 can
be considered as a CSC marker [23, 24], and the con-
tent of isoforms containing exon v9 increases during the
epithelial–mesenchymal transition (EMT) [25].

Isoform 2 contains variable exons v3–v10 and
includes all exons, v3, v6, and v9, that are most fre-
quently used in research. Line SNU503 appears to be
the most relevant model for studying the role of iso-
form 2 in CRC. Isoform 2 is expressed in lines assigned
to groups 4 and 5, and also in several lines of group 3.

Since none of the CRC lines express CD44 isoform
1 containing exon v2, there are currently no models to
study the role of this CD44 variant, whose expression
was shown in clinical samples as a predictive marker of
poor survival in patients with CRC [5].

CONCLUSIONS
Summarizing the obtained data, it should be con-

cluded that the distribution of CD44 isoforms strongly
STRY AND MICROBIOLOGY  Vol. 58  No. 9  2022
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differs in CRC lines. As an example, the expression
patterns of CD44 mRNA isoforms vary greatly
between lines that are often used in CRC research,
such as RKO, HCT116, and HT29. When selecting a
model for the study of the CD44 role in CRC it is nec-
essary to take into consideration the expression profile
of its specific mRNA isoforms.
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