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Case Report 
A case of cervical cancer expressed three mRNA variant 
of Hyaluronan-mediated motility receptor
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Abstract: Cervical cancer is the second malignancy in Mexico, little is known about the prognostic factors associated 
with this disease. Several cellular components are important in their transformation and progression. Alternative 
mRNA splice is an important mechanism for generating protein diversity, nevertheless, in cancer unknown mRNA 
diversity is expressed. Hyaluronan-mediated motility receptor (HMMR, RHAMM, CD168) is a family member of pro-
teins, hyaluronan acid dependent, and has been associated with different malignant processes such as: angiogen-
esis, cell invasiveness, proliferation, metastasis and poor outcome in some tumors. In the present study we identi-
fied expression of HMMR in cervical cancer by means of RT-PCR and sequencing. Our results indicate co-expression 
of two HMMR variants in all samples, and one case expressed three alternative HMMR splice transcripts. These 
results showed the heterogeneity of mRNA transcripts of HMMR that could express in cancer and the expression of 
HMMR could be marker of malignancy in CC.
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Introduction 

Cervical cancer (CC) is one of the most com-
mon types of cancer worldwide, and in Mexico 
represents a leading cause of death in women 
over 25 years old, exhibiting an estimated inci-
dence ~ 200,000 per year [1]. Human 
papillomavirus (HPV) infection is considered an 
etiological factor associated with CC, due to 
HPV oncoproteins that play a role in the dys-
regulation of the cell cycle, by interaction with 
pRB and TP53 suppressor proteins [2]. 
However, HPV infection is not an exclusive fac-
tor for cell transformation and progression. 
Several recent reports provide information of 
relevant contribution of other factors such as: 
cellular components, micro environmental, 
among others [3].

Alternative splicing (AS) is the most important 
mechanism involved in generation of protein 

diversity in eukaryotes. By bioinformatics meth-
ods, it has been estimated that over 90% of 
human genes will have two or more alternative 
mRNA variants [4]. However, there is little 
knowledge about alternative mRNA spliced 
expressed in diverse pathologies including can-
cer. There have been identified some mRNA 
spliced variants that have impact on cancer cell 
biology including control of cell proliferation, 
metabolism, angiogenesis, evasion of apopto-
sis, invasiveness, and metastasis [5, 6]. 
Moreover, aberrant AS transcripts have been 
implicated in the clinical outcome of diverse 
cancer types such as: stomach, colon, breast, 
cervix, leukemia, and others [7, 8].

Hyaluronan-mediated motility receptor (HMMR, 
RHAMM, CD168), is a family member of the 
hyaladherins proteins, and it is hyaluronan acid-
dependent [9]. HMMR exhibits a variable cellu-
lar distribution, including the cytoskeleton [10], 
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cell surface [11], mitochondria 12], and nucle-
us [10, 13]. HMMR gene encodes four alterna-
tive proteins (725, 724, 709, and 638 aa), nev-
ertheless, its roll in the cell is not clear. However 
HMMR expression has been associated with 
malignant processes including: angiogenesis 
[14, 15], cell motility [16], poor outcome [17], 
proliferation and metastasis [16, 18]; even 
though, most of them form part of the unknown 
functions in cancer. In this study we identified 
three mRNA alternative spliced of HMMR 
expressed in a case of cervical cancer.

Materials and methods

Biopsy sample, cell lines cultures and total 
RNA isolation

The cervical sample was obtained from the 
Oncology Department, General Hospital of 
Mexico SSA (Secretaría de Salud) from patients 
with diagnosis of cervical cancer. All samples 
were taken in accordance with the Helsinki 
Declaration and after informed consents were 
obtained. The samples were fractioned in two 
portions, then one was formalin-fixed and par-
affin-embedded for posterior histopathology 
analysis; and the other was put in RNAlaterT 

solution (Qiagen, Valencia CA, USA) for total 
RNA isolation, and stored at -70°C. The diagno-
sis of carcinoma was confirmed with histologi-
cal examination and the samples that present-
ed > 80% of cervical squamous cells were 
recruited.

Furthermore, four cervical cell lines (CCL, as 
HeLa, SiHa, CasKi and CaLo) were included in 
the study. Cell cultures were grown in the 
Dulbecco’s Modified Eagle Medium (DMEM) 
with fetal bovine serum 10%, penicillin-strepto-
mycin 100 U/mL Life technologyTM, in a 37°C 
incubator with a humidified atmosphere of 5% 
CO2 in air. For RNA isolation, tissue and cell 
lines were disrupted by means of the 
TissueLyser system (Qiagen, Valencia CA, USA) 
and total RNA was eluted using the RNeasy 
Mini kit (Qiagen, Valencia CA, USA). Total RNA 
was quantified using NanoDrop ND-1000 spec-
trophotometer and integrity was evaluated by 
means of agarose gel 1.5% (w/v) electrophore-
sis considering ribosomal subunits 28 s and 18 
s. 

HPV testing

Genomic DNA was isolated from tissue sam-
ples using Promega Wizard Genomic DNA 

Purification Kit (Promega, Madison, WI, USA) in 
accordance with the manufacturer’s instruc-
tions. DNA quantity and purity was measured 
with a Nanodrop ND-1000 Spectrophotometer 
and the integrity was verified by 1% agarose gel 
(w/v) electrophoresis. DNA samples were sub-
jected to HPV typing by PCR using E6F/E6R 
primers for HPV16 [19]. 100 ng of genomic DNA 
was taken and subjected to 40 amplification 
cycles as follows: 5 min at 94°C for pre-dena-
turation, 1 min at 94°C, 1 min at 44°C, 1 min at 
72°C, and 5 min at 72°C as the final extension 
step. The PCR products were analyzed by 1% 
agarose gel and amplification size was 126 
base pairs (bp).

cDNA synthesis and PCR

Total RNA was treated using DNase l, in brief, 2 
μg total RNA was digested at 37°C for 30 min 
with 1U DNase l, in 1x DNase buffer. After 5 
mM EDTA was added, it was incubated at 65°C 
for 10 min. Thereafter, the sample was placed 
in a master mix using the High Capacity cDNA 
Reverse Transcription Kit (Life Technologies, 
Carlsbad, CA, USA) according to the protocol. 
The cDNA was the endpoint in PCR amplifica-
tion using housekeeping gene RPL4, according 
to previous reports [20], whereas HMMR was 
amplified with the following primers: 5′ 
ATCCGCATTCAGTTGTCGAGGAGT 3′ Fwd., 5′ 
AGTGCAGCATTTAGCCTTGCTTCC 3′ Rev., at 7.5 
mM primer, 1 × Taq buffer, 2 mM MgCl2, 0.4 
mM dNTP’s, 1.25 U Taq Pol, 1 µl cDNA. The 
Mixed reaction was incubated at 95°C for 10 
min, and then was run for 40 cycles at 94°C 45 
s, 60°C 45 s, 72°C 75 s; and finally at 72°C for 
15 min.

Cloning sequences and sequencing

The PCR product was separated by electropho-
resis at 3% of agarose gel, and purified using 
the gel extraction kit (Qiagen, Valencia CA, 
USA). The purified PCR products were ligated 
into pGem-T Easy VectorTM (Promega, Madinson, 
WI). Finally, the recombinant plasmid was puri-
fied using the Wizard Plus Miniprep DNA 
Purification SystemTM (Promega) and clones 
were sequenced with the M13 oligonucleotide 
and the BigDye Terminator 3.1 cycle sequenc-
ing kit (Applied Biosystems), and sequenced in 
an Applied Biosystems Abi Prism 3130 genetic 
analyzer automated sequencer according to 
previous reports [20]. The resulting sequences 
were assembled and compared to the refer-
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terization of the expression of three PCR prod-
ucts. CT2 sample belonged to a 28 year old 
woman. She had the clinical diagnosis of inva-
sive squamous cervical cell carcinoma stage 
IB, and HPV infection type 16. 

PCR products were isolated and cloned in 
pGem-T vector Figure 1C and sequenced Figure 
2. All sequences matched with the HMMR tran-
script, however belong to different HMMR 
mRNA spliced. The top up PCR products showed 
sequences belong to HMMR variant one 
(NM_001142556.1) Figure 2A, the meddle 
belong to HMMR variant three (NM_012485.2) 
Figure 2B, the last product belong to HMMR 
variant four (NM_001142557.1) Figure 2C 
annotated in NCBI nucleotide database and 
HAVANA or ENSEMBL database. Thereafter, we 
aligned the sequence obtained of CT with the 
reference sequences of HMMR sequences 
reported in the NCBI database Figure 3. In the 
alignment, we could observe splice exons 2, 3 
and 4, suggesting that HMMR could co-express 

ence transcript sequence reported in the NCBI 
nucleotide database.

Results

A total of four CT and four CCL were included in 
this study. Total RNA isolated was visualized in 
agarose gel at 1.5%, we did not observe any 
data that showed RNA degradation. The total 
RNA average concentration was 500 ng/µl. 
Thereafter, cDNA was subjected to PCR amplifi-
cation; the housekeeping gene RPL4 showed 
height expression as expected (214 bp) Figure 
1A, after HMMR was amplified. The amplifica-
tion of HMMR showed two constant fragments 
in all samples. However, an additional fragment 
~ 200 bp was observed Figure 1B. 

Until this point, we identified two apparent iso-
forms of HMMR expressed in CCL and CT, 
although the CT2 sample showed the apparent 
expression of another transcript Figure 1B. In 
the rest of the study we focused in the charac-

Figure 1. HMMR transcript is expressed in cer-
vical cancer. A: Agarose gel showing raw expres-
sion of constitutive gene RPL4. B: RT-PCR prod-
ucts of HMMR were run in agarose gel at 2.5%. 
Cervical cell lines (HeLa, SiHa, CasKi, CaLo, 
one to four columns respectively) and Cervical 
tumors (CT, columns 5 to 8) showed two PCR 
products ~ 400 pb, CT2 sample showed expres-
sion of three amplicons in ~ 400 pb and ~ 200 
pb. C: Three HMMR PCR Cloning (Cl1, Cl2, Cl3) 
were isolated and run in agarose gel.
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ponents play an important role in the genera-
tion of cellular conditions for cell survival, 
progression and transformation [22]. 

CC natural history is diverse, depending on its 
clinical features such as: tumor type, stage and 
treatment, overall given prognostic. However, in 
Mexico the clinical diagnosis generally takes 
place in advanced stages, worsening the prog-
nosis. Most of the factors associated with 
tumor resistance, and relapses are unknown.

Alternative mRNA splicing is a biological pro-
cess involved in mRNA editing and promotes an 
increase in RNA diversity, consequently more 
proteins are expressed. The expression of aber-
rant mRNA spliced is associated with cellular 
deregulation [23-25], malignant transformation 

Figure 2. Cervical cancer expressed transcript variants of HMMR. A: Boundaries of HMMR variant one; HMMR 
variant ones is constituted of five exon junctions. B: Alternative splicing boundaries of exon 3 and 5. C: Alternative 
splicing of HMMR showed boundaries of exon 1 and 5 belonging to variant 4.

several variants in cervical cancer. Finally, in 
the Figure 4 we are proposing a model of 
HMMR according to the results obtained, sug-
gesting that HMMR could express variants in 
cervical cancer, nevertheless, not all tumors 
expressed three alternative splicing.

Discussion 

The characterization of malignant cellular com-
ponents is a great challenge for understanding 
possible mechanisms involved in cancer pro-
cess. Moreover, they give more opportunities 
for the identification of treatment targets in 
cancer. CC represents a major problem of 
health in developing countries such as Mexico. 
Actually, the HPV infection is the principal etio-
logical factor for CC [21], however, cellular com-
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Figure 3. Alignment HMMR sequences expressed in cervical cancer. HMMR expressed sequences in cervical cancer 
were aligned with the sequences reported in the NCBI nucleotide database.

[8, 26], tumor development risk [7] and cellular 
transformation [27]. However, most of the 

mRNA spliced has an unknown cellular fu- 
nction.
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Actually, there is little knowledge about the 
diversity of alternative mRNA splicing in health 
and disease. However, in humans > 90% of 
genes could be subject to AS [28], thereby esti-
mating several millions of different expressed 
proteins [29]. AS could be differential and 
dependent cellular processes, specific tissue 
[30] even associated with malignancies [31, 
32]. CD antigens span over 200 members with 
many roles in the cell, including receptors, 
banding protein, immunoglobulin, among oth-
ers. Hyaluronan-Mediated Motility Receptor 
(HMMR, RHAMM, CD168) that we found alter-
natively spliced in CCT and CCL belongs to a CD 
family of protein receptors. HMMR encodes 
four proteins: 725, 724, 709 and 638 aa are 
reported, moreover, HMMR proteins have sev-
eral cell distribution [10-13], probably by means 
of expression of protein variants, however, little 
is known about the function of HMMR. HMMR 
proteins are involved in several cellular proces-
ses such as cell migration in development and 
[33, 34], wound repair [35]. Moreover, it is 
associated with malignancy processes such as: 
angiogenesis [36, 37], locomotion [38], tumor 
progression [39], cell proliferation [40], among 
others. 

We found expression of two consistent mRNA 
variants (NM_001142556.1, NM_012485.2) 
of HMMR in CT and CCL; however, CT2 ex- 
pressed three mRNA variants (NM_00114- 
2556.1, NM_012485.2 and NM_001142557.1) 
of HMMR. Interestingly, this case was of the 
youngest woman, suggesting that the four vari-
ants of HMMR could be associated with the 
aggressiveness. Another possibility is that the 
expression of the transcripts of HMMR is so low 
that we could not detect it. Mexican population 
is heterogeneous, and the tumor diversity could 

promote differential alternative mRNA splices. 
Interestingly, we found alternative mRNA splic-
es of HMMR in CC. These results showed that 
HMMR encodes a variety of proteins expressed 
in CC, and its expression could be involved in 
malignant transformation and aggressiveness, 
among others. Moreover, HMMR expression is 
associated with different types of cancer 
including: breast, colon, leukemia, gastric and 
prostate [17, 41-44], suggesting that HMMR 
expression in CC could be related to poor out-
come. Nevertheless, there is little information 
about expression of HMMR variants in cancer. 
HMMR is distributed in multiple compartments 
such as: cytoskeleton [10], mitochondria [12], 
cell surface [11] and nucleus [10, 13]. It is very 
likely that the distribution of HMMR could be by 
means of the AS transcript, consequently pro-
ducing changes of the protein expressed. 

The HPV infection was confirmed by PCR meth-
ods in all tumors, nevertheless, we did not 
found association between HPV infection and 
the expression of the three variants of HMMR. 
Probably, the HMMR expression could be a 
consequence of malignant cancer. Identification 
of alternative mRNA spliced in cancer gener-
ates more knowledge of the diversity of protein 
expression. We identified one patient that 
expressed three HMMR variants. Therefore, we 
consider that HMMR spliced variants one, three 
and four are potential oncogenes that play and 
important role in the malignancy of CC.
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