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A B S T R A C T   

Background: Oral squamous cell carcinoma (OSCC) is the most prevalent malignant tumor in head and neck 
region. Platinum drug resistance limits the clinical application of chemotherapy regardless of medical devel-
opment. The aim of our study is to identify cisplatin-resistant genes which can be used as new therapeutic targets 
and investigate the functional mechanism of OSCC chemoresistance. 
Methods: The OSCC Cal27 and HSC4 cisplatin-resistant cell lines were constructed to screen the differential 
genes/transcripts expression. GO, KEGG and GSEA were performed to reveal the relevant signaling pathways. 
Alternative splicing (AS) software rMATs was applied to explore AS events in chemoresistance. R package and 
TIMER tools were used to evaluate the linear correlation between CD44 and immune cell subpopulations. The co- 
culture model of dendritic cells (DCs) and OSCC cells was applied to explore the effect of CD44 on immune 
microenvironment and cisplatin resistance. 
Results: Our results showed that CD44 was differentially expressed in cisplatin-resistant OSCC cells. Through 
bioinformatics prediction and experimental verification, we confirmed that CD44 occurring AS was involved in 
tumor progression and cisplatin resistance. Moreover, CD44 could further enhance the cisplatin resistance of 
OSCC by activating DCs, making CD44 to be a potential intervention target. We also identified DC as a new target 
for platinum drugs to stimulate the growth of OSCC. 
Conclusion: Our findings not only make it possible to explore new therapeutic methods, such as CD44 inhibitors 
or antisense oligonucleotides, but also provide insights into the new mechanisms of cisplatin resistance to 
chemotherapy.   

Introduction 

Oral squamous cell carcinoma (OSCC) is the most common 
(approximately 90%) and highly recurrent malignant epithelial tumor in 
the oral cavity [1]. The treatment of OSCC still depends on surgical 
resection combined with radiotherapy and chemotherapy. Due to tumor 
recurrence and drug resistance, the 5-year survival rate remains no 
significant increase [2]. Platinum drugs are anti-tumor drugs with high 
activity for a variety of cancers in clinical application, and are also 

first-line chemotherapy drugs for OSCC. However, the serious toxic and 
side effects, especially the emergence of chemotherapy resistance, 
greatly limit the clinical application of platinum chemotherapy drugs [3, 
4]. Therefore, it is of great significance to elucidate the mechanism of 
OSCC platinum resistance. 

There are several major opinions concerning drug resistance. First of 
all, chemotherapy can not only locate and kill tumor cells, but also 
stimulate immune cells to release chemicals and promote tumor cells 
growth, leading to treatment tolerance. The second is the redox reaction 
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of cancer cells, which is the most important factor for the existence and 
persistence of drug resistance [5]. The third is the generation of new 
mutations caused by transcription reprogramming after chemotherapy 
[6,7]. As the first-line treatment and standard care of OSCC, cisplatin 
(CDDP) mainly produces drug resistance by enhancing DNA repair 
ability, reducing drug uptake/accumulation, and improving the body 
tolerance to platinum-DNA complex [8]. Exploring the generation of 
substances that stimulate the growth of tumor cells in cisplatin resis-
tance has aroused widespread interest. Previous studies showed that 
tumor microenvironment could more accurately affect the effect of 
chemotherapy, that is, the same tumor cells in different microenviron-
ments might react differently to the same chemotherapy drugs [9]. 
Balkwill F.R. et al. reported that the chemotherapy process could trigger 
normal immune cells to attack nearby tumors, and the normal cells near 
tumors could also promote tumor resistance to chemotherapy [10]. 
Alternative splicing (AS), as a committed step of post-transcriptional 
gene regulation, can lead to abnormal expression of downstream 
target genes and disorder of tumor microenvironment, which is closely 
related to the occurrence of chemotherapy resistance [11]. 

In this study, we constructed OSCC Cal27 and HSC4 cisplatin- 
resistant cell lines to screen the differential genes/transcripts expres-
sion and reveal the AS relevant chemotherapy resistance signaling 
pathways. Through the combination of bioinformatics prediction and 
experimental verification, we detected the role of CD44 with differential 
expression and AS in the immune microenvironment, and explored the 
possible mechanism of cisplatin resistance. The results showed that 
CD44 could further enhance the cisplatin resistance of OSCC by acti-
vating DCs, making CD44 to be a potential intervention target. We also 
identified DC as a new target for platinum drugs to stimulate the growth 

of OSCC. Our findings not only make it possible to explore new thera-
peutic methods, such as CD44 inhibitors or antisense oligonucleotides, 
but also provides insights into the new mechanisms of cisplatin resis-
tance to chemotherapy. 

Materials and methods 

Cell lines and culture 

We obtained the OSCC cell lines (HSC4, Cal27) and the mouse den-
dritic cell line (DC2.4) from the Chinese Academy of Sciences in 
Shanghai. After STR phenotype identification, these cells were cultured 
at 37◦C in a moist atmosphere consisting of 5% CO2 plus 95% air. The 
medium was DMEM (Hyclone, USA) with 10% fetal bovine serum 
(Gibco, USA) supplement. The cisplatin resistant OSCC cells (HSC4/ 
CDDP, Cal27/CDDP) were established as previously described by 
culturing HSC4 and Cal27 cells with gradually increasing concentration 
of CDDP (Sigma, USA). In general, a continuing 0.5 μ M CDDP was used 
to maintain the cells resistance and was removed 7 days before 
experiments. 

Apoptosis analysis 

The apoptotic rates of HSC4/CDDP and Cal27/CDDP cells were 
analyzed using Annexin V-FITC apoptosis detection kit (Biosea, China). 
Briefly, 2 × 105 cells were collected and centrifuged for 5 min at 1000 
rpm and washed at least twice by frozen PBS. Then, cells were resus-
pended in 300-500 µl binding buffer followed by incubating with 5µl 
Annexin V-FITC and 5 µl PI staining, respectively. Finally, cells were 

Fig. 1. Differentially expressed mRNAs screened in HSC4/CDDP cells. (A) Sample correlation matrix: the Spearman correlation (R2) was calculated and 
visualized by color (red-white) in the matrix. (B) The number of both up and down regulated genes in HSC4/CDDP cells relative to HSC4 cells. (C-D) Volcano and 
heat maps of differentially expressed mRNAs in HSC4 and HSC4/CDDP cells. 
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detected using a CantoII flow cytometry (BD, USA) with Diva 8.0 (BD, 
USA) software within 1 h. 

Identification of differently expressed transcripts and genes 

HSC4/CDDP and parental control cells were harvested and total RNA 
was extracted by Trizol Reagent (Invitrogen, USA). Differential mRNAs 
expression were screened and recognized with StringTie software and R 
package edgeR. The differential expression genes were usually evalu-
ated and filtered according to the difference multiples and significance 
levels. Here, we took the difference multiples FC >= 2 or FC <= 0.5 and 
P value < = 0.05 as standard and considered genes as differential 
expression transcripts, and displayed them as significant different 
expression. 

GO (gene ontology) and KEGG (Kyoto encyclopedia of genes and 
genomes) analysis 

Differentially expressed mRNAs were selected and performed GO 
and KEGG pathway analysis. For GO analysis, the corresponding genes 
were classified as biological process, cellular component and molecular 

function. For KEGG analysis, the enriched pathways were demonstrated 
according to enrichment scores. 

AS detection 

Software rMATs v4.0.2 was used to screen the differential AS events 
including alternative 3′ splice sites (A3SS), alternative 5′ splice site 
(A5SS), mutually exclusive exon (MXE), intron retention (IR) and skip-
ped exon (SE) in HSC4/CDDP cells [12,13]. The threshold was set as |Δ 
Percent spliced in (PSI)| > 0.05 and false discovery rate (FDR) < 0.1. 

Gene set enrichment analysis (GSEA) 

GSEA was applied to determine the significance of predefined genes 
between two biological states. The HNSCC samples were grouped ac-
cording to CD44 high-/low- expression. Biological processes enriched by 
CD44 were obtained by GSEA analyses of the cancer genome atlas 
(TCGA) HNSCC datasets. The parameters were set following P < 0.05 
and FDR < 0.25. 

Fig. 2. GO and KEGG pathway analysis in HSC4/CDDP cells. (A, B) Gene ontology (GO) analysis of dysregulated genes in HSC4/CDDP cells compared with HSC4 
cells. (C, D) KEGG analysis of differentially expressed genes in HSC4/CDDP cells compared with HSC4 cells. 
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Fig. 3. Characteristics of AS events. (A) Pie chart of the percentages of alternative splicing events detected in HSC4 and HSC4/CDDP cells. (B–K) The differential 
inclusion level of the top 10 upregulated and downregulated genes in A3SS (B, C), A5SS (D, E), MXE (F, G), RI (H, I), and SE (J, K). All experiments were performed at 
least 3 times; data were shown as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control, Student’s t-test. 
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Immune cell infiltration assessment 

HNSCC data were downloaded from TCGA database and sorted into 
CD44 high-/low- expression groups. Then, CIBERSORT algorithm from 
the R package was used to obtain immune infiltration chart. TIMER 
online tool was used to evaluate the linear correlations between CD44 
and subpopulations of immune cells. 

Plasmid construction and transfection 

Genescript (Nanjing, China) constructed CD44 overexpression 
plasmid (pc-CD44) with the full-length of CD44 cloning into pc-DNA 
empty plasmid (pc-NC). Then, cells were transfected with Lipofect-
amine™ 3000 (Invitrogen, USA) following the manufacture instructions 
after seeding into 6-well plate for 24 h. Western blot were used to 
confirm the transfection efficiency in this study. 

Western blot 

Cells were harvested and proteins were purified through RIPA lysis 
buffer (Beyotime Biotechnology, China). Totally 50μg protein was 
separated using SDS-PAGE gel. After electrophoresis under 80-120V, the 
protein was transferred into PVDF membranes. Then the membranes, 
blocked with 5% skimmed milk for 1 h, were incubated with primary 
antibodies overnight at 4◦C (CD44, Abclonal, 1:1000; GAPDH, Affnity, 
1:2000) and secondary antibodies (Abbkine, 1:5000) for 1 h at room 
temperature. Finally, the bands were obtained using Odyssey Dual Color 
Infra-Red Laser Imaging System (LI-COR Biosciences, USA) and quan-
tified by Image J software (NIH, USA). 

Dendritic cell markers detection 

A co-culture model was established with Cal27/HSC4 cells trans-
fected with plasmids seeding into the upper chamber and DC 2.4 cells 
seeding into the lower chamber of 0.4 μm 6-well transwell plates (Bio-
sharp, China). After co-culturing for 72 h, the DC2.4 cells were resus-
pended in a 100 μl binding buffer. Then the cells were incubated with 
2% anti-CD80, CD86 and MHCII antibodies (BioLegend, USA) for 30 min 
respectively and then were tested under CantoII flow cytometer (BD, 
USA) to detect the expression of the markers. Data were calculated and 
analyzed using FlowJo software (BD, USA). 

Statistical analysis 

Data were showed as mean ± standard error of measurement and 
analyzed under two-tailed Student’s t-test in Prism 5.0 (GraphPad 
Software, USA). All the experiments were repeated at least triple and P <
0.05 was recognized to be of statistical significance. 

Results 

Establishment of CDDP-resistant OSCC Cell Lines 

HSC4 and Cal27 CDDP-resistant cells (HSC4/CDDP and Cal27/ 
CDDP) have been established and stored in our laboratory. Here, to 
maintain their chemoresistance phenotype, we resuscitated and 
cultured them in DMEM with 0.5 μM CDDP. Cisplatin resistance was 
observed in both HSC4/CDDP and Cal27/CDDP cells when compared 
with parental control cells (Fig. S1A,B). Flow cytometry showed that the 

Table 1 
Alternative splicing and gene transcription double regulated genes.  

Gene Name AS type AS expression Transcription expression KEGG enrichment pathway Tumor involved 

FANCI SE UP ↑ Down ↓ Fanconi anemia pathway Lung adenocarcinoma 
Ovarian cancer 
Breast cancer 

ANAPC16 SE Down ↓ Up ↑ NA  
CD44 SE Down ↓ Up ↑ ECM-receptor interaction; 

Hematopoietic cell lineage; 
Shigellosis; 
Epstein-Barr virus infection; 
Proteoglycans in cancer; 
MicroRNAs in cancer 

Breast cancer 
Colon cancer 
Prostate cancer 
Oral cancer 
Gastrointestinal cancer 
Renal cancer 

LTBP4 SE Down ↓ Up ↑ NA Colorectal cancer 
Hepatocellular carcinoma 

MIB2 A3SS Up ↑ Up ↑ NA Lung cancer 
SYTL1 A3SS Up ↑ Down ↓ NA Bladder cancer 
RPL22L1 A3SS Down ↓ Up ↑ Ribosome Colorectal cancer 

Ovarian cancer 
Prostate cancer 

PEX1 A3SS Down ↓ Up ↑ Peroxisome Lung carcinoma 
DENND2B RI Up ↑ Down ↓ NA  
TAZ RI Up ↑ Down ↓ Glycerophospholipid metabolism Ovarian cancer 

Liver cancer 
Breast cancer 
Esophageal squamous cell carcinoma 
Oral squamous cell carcinoma 

GSN MXE Up ↑ Down ↓ Fc gamma R mediated phagocytosis; 
Regulation of actin cytoskeleton; 
Viral carcinogenesis 

Bladder cancer 
Head and neck squamous cell carcinoma 
Hepatocellular carcinoma 
Acute myeloid leukemia 

CNTNAP3 MXE Up ↑ Down ↓ NA Esophageal squamous cell cancer 
TLK2 MXE Down ↓ Up ↑ NA  
ACER3 A5SS Up ↑ Down ↓ Sphingolipid metabolism Acute myeloid leukemia 

Hepatocellular carcinoma 
FAM111A A5SS Up ↑ Down ↓ NA  
MIA2 A5SS Up ↑ Down ↓ NA Oral cancer 

Other squamous cell carcinoma 
SAMD9L A5SS Up ↑ Down ↓ NA Myeloid malignancies 
RPL13A A5SS Down ↓ Down ↓ Ribosome Breast cancer 

Glioblastoma  
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survival rate of HSC4/CDDP and Cal27/CDDP cells was much higher 
than that of HSC4 and Cal27 cells under a 7.5μM CDDP treatment 
(Fig. S1C,D). 

Analysis of gene/transcript differences in chemoresistance cells 

HSC4 and HSC4/CDDP cells were harvested to perform RNA 
sequencing. Samples correlation analysis showed that the correlation 
within the replicates for the single group was higher than that between 
the sample groups (Fig. 1A). The sequencing outcome showed that there 
were 1104 gene transcripts differentially expressed with the standard of 
FC >= 2 or FC <= 0.5 (∣log FC∣ >=1) and P value <= 0.05, among 
which there were 530 genes up-regulated and 574 genes down-regulated 
in HSC4/CDDP cells relative to HSC4 cells (Fig. 1B). Volcano and heat 
maps were drawn to present the mRNAs expression pattern between the 
samples (Fig. 1C,D). 

GO and KEGG pathway analysis 

In order to investigate the potential role of differentially expressed 
mRNAs in cisplatin chemoresistance, we performed GO enrichment and 
R package ggplot2 analysis based on the up/down mRNAs expression 
levels. The results showed that the aberrantly expressed genes were 
largely enriched for GO terms associated with the regulation of che-
mokine production, neutrophil arrogation in DE down group, while 
enriched for GO terms associated with the regulation of immunoglobulin 
complex, antigen binding and immunoglobulin receptor binding in DE 
up group. The top 20 most significant GO terms were shown in Fig. 2A 
and 2B. Moreover, we performed pathway analysis in accordance with 
the KEGG database, which screened out 20 pathways with most signif-
icant differences (P < 0.05) in gene expression and were illustrated in 
Fig. 2C and 2D. These results showed that the downregulated mRNAs 
were mainly distributed in IL-17 signaling pathway, while the upregu-
lated mRNAs were mainly participated in Th17 cell differentiation, Th1 

and Th2 cell differentiation and PI3K-Akt signaling pathway. All these 
pathways might be associated with OSCC chemoresistance and tumor 
immune response. 

AS Model of HSC4/CDDP cells 

A3SS, A5SS, MXE, RI, and SE events were analyzed to clarify the AS 
potentials in HSC4/CDDP cells (Fig. S2). Totally, there were 6310 AS 
events, of which 2524 were upregulated and 3786 were downregulated, 
recognized as differentially expressed in HSC4/CDDP cells relative to 
HSC4 control cells (Fig. 3A). The percentage of five AS types were 9.3% 
(A3SS), 6.3% (A5SS), 14.2% (MXE), 8.3% (RI) and 61.9% (SE), 
respectively. Apparently, SE was the most common AS event in HSC4/ 
CDDP cells. The results revealed that AS events were abundant and 
intricate in chemoresistance. In order to determine the characteristics of 
the dysregulated AS events in CDDP resistance, we used rMATs software 
to validate the top 10 upregulated and downregulated AS events 
(Fig. 3B–K). The results indicated that AS tended to be a significant 
molecular event and played a pivotal role in OSCC chemoresistance. 

Differentially expressed genes with AS 

To elucidate the differentially expressed mRNAs with AS events were 
closely associated with chemoresistance in HSC4/CDDP cells, we 
analyzed the top 10 upregulated and downregulated AS events of five 
classifications according to their different mRNA expression levels. The 
results showed that among all the 18 correlated genes listed in Table 1, 
ANAPC16, LTBP4, CD44, TLK2, RPL22L1, PEX1 and MIB2 occurring AS 
were upregulated in HSC4/CDDP cells whereas other genes were 
downregulated (Fig. 4A and 4B). To verify the significance of tran-
scriptomic data with AS, we used qRT-PCR to validate their expression 
levels. The primers used in the study were listed in Table 2. The results 
showed that the expressions of CD44, DENND2B, MIB2 and RPL22L1 
mRNAs were significantly upregulated in HSC4/CDDP cells (Fig. 4C), 

Fig. 4. Differentially expressed mRNAs with AS events in HSC4/CDDP cells compared with HSC4 cells. (A, B) Heat maps of differentially expressed mRNAs 
with AS events in HSC4 and HSC4/CDDP cells. (C) qRT-PCR used to verify the significant transcriptomic data with AS events. All experiments were performed at least 
3 times; data were shown as mean ± SD. *P < 0.05, **P < 0.01, ***P < 0.001 vs. control, Student’s t-test. 
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which were consistent with the sequencing data. However, the other 13 
mRNAs showed no significant difference. These results made us focus on 
the significant gene CD44 with AS events in chemoresistance of OSCC. 

GSEA analyzed the important role of CD44 in OSCC chemoresistance 

We used GSEA analysis to predict and explore CD44 function in 
HNSCC. TCGA HNSCC data were divided into high and low groups ac-
cording to CD44 expression and were analyzed with GMT file C2 KEGG 
and GO gene set profiles. All the enrichment results (p < 0.05 and FDR <
0.25) were shown in supplemental data Table S1. Many gene sets con-
cerning cell adhesion regulation were enriched in the CD44 high 
expression HNSCC, such as focal adhesion pathway, adherens junction 
pathway, ECM-receptor interaction pathway, RHO protein signal 
transduction and regulation of actin cytoskeleton pathway. These were 
the key pathological pathways to predict the mechanism of OSCC 
occurrence and recurrence. Moreover, the upregulation of CD44 was 
significantly correlated with WNT signaling pathway, epidermal growth 
factor receptor signaling pathway, positive regulation of I-kappa B ki-
nase NF kappa B cascade and ErbB signaling pathway (Fig. 5). Research 
showed that ErbB signal could regulate OSCC progression by mediating 
PI3K/Akt, which was consistent with our previous results in Fig. 2. 
Therefore, we speculated that CD44 might participate in the progression 
of OSCC. 

CD44 associated with OSCC immune infiltration 

The expression profiles of CD44 in human various cancers were 
analyzed using TCGA database combined with TIMER. The result 

showed that CD44 was upregulated in many solid cancers, including 
HNSCC (Fig. 6A). As immune cell infiltration provides valuable insights 
for the overall tumor microenvironment and better prognosis [14], we 
evaluated the relationship between CD44 and immune infiltration to 
reveal the pivotal role of CD44 in OSCC progression. TCGA-HNSCC data 
were firstly grouped into high and low groups by the median value of 
CD44 expression. Then, we employed the CIBERSORT algorithm to 
compare the 22 subpopulations of different immune cells in CD44-high 
or -low expression groups. Our findings demonstrated that CD44 
expression was mainly relevant to the immune infiltration of T cells and 
dendritic cells (DCs) activation (Fig. 6B). Moreover, TIMER was used to 
evaluate the correlations of CD44 expression with tumor purity and 
immune cells infiltrating levels. The results showed that the CD44 
expression had a close correlation with tumor purity and immune 
infiltration levels of HNSCC, including DCs (r =0.142, p = 1.78e-03), 
CD8+ T cells (r = -0.144, p = 1.70e-03) and CD4+ T cells (r = 0.21, p =
3.59e-06) (Fig. 6C). Various markers of immune cells from relevant 
research were selected to further analyzed in TIMER database (Table 3). 
The results showed that CD44 was positively correlated with majority 
gene markers of DCs, which was accordant with Fig. 6. These findings 
suggested that CD44 play important roles in HNSCC immune 
infiltration. 

CD44 might mediate cisplatin resistance by activating DCs tumor immune 
response 

As the initial antigen-presenting cells connecting innate immunity 
and adaptive immunity, DCs can induce tumor immune tolerance and 
promote tumor drug resistance [15]. In Fig. 6B and 6C, bio-informatics 
analysis predicted that more activated DCs infiltrated in high-CD44 
expression group relative to low-CD44 expression group. In order to 
further investigate the relationship among CD44, DCs infiltration and 
chemoresistance, we first detected the expression of CD44 in CDDP 
resistant cell lines. The results showed that CD44 protein was signifi-
cantly upregulated in drug-resistant cell lines, indicating that CD44 
participated in the CDDP resistance of OSCC (Fig. 7A), which was 
consistent with previous mRNA expression (Fig. 4C). Then, we trans-
fected CD44 overexpression plasmid into Cal27/HSC4 CDDP cell lines 
for gain-of-function study (Fig. 7B). The results showed that CD44 
overexpression could significantly increase the IC50 value of CDDP 
resistant cells (Fig. 7C). Together with the bioinformatics prediction 
results, we further constructed a co-culture model using Cal27/HSC4 
CDDP and DCs to explore the immune response induced by CD44 
associated cisplatin resistance increasement. Compared with control 
group, the expression levels of DCs surface antigens were significantly 
increased in the CD44 overexpression co-culture model (Fig. 7D). These 
results showed that the high expression of CD44 could promote the 
maturation and activation of DCs in both drug-resistant and non-drug 
resistant cells, and further increase the drug resistance of CDDP resis-
tant cells. However, CD44 overexpression led to a lower rate of activated 
DCs in drug-resistant cells compared with non-drug resistant cells 
(Fig. 7E). This made us speculate that CD44 may form different variants 
through AS, and then reduce the ability of DC cells to activate tumor 
immunity through different signaling pathways, thereby affecting the 
cisplatin resistance of OSCC. 

Discussion 

Most precursor mRNA only produce one mature mRNA after tran-
scription and translate it into one polypeptide chain. However, some 
precursor mRNAs can be sheared or (and) spliced into several mRNAs 
with different structures and this process is called AS [16–18]. AS has 
been reported to be involved in a variety of physiological processes and 
contributes to the development of various cancers and drug resistance 
[19–23]. At present, survival related AS events have been identified 
through comprehensive analysis of TCGA OSCC data. A novel prognostic 

Table 2 
Primers used for the qRT-PCR assay.  

Gene name  Sequence 

ACER3 F TGGACTGGTGCGAGGAGAACTAC  
R GACCGTCTCTAACACTCTGAACTGC 

ANAPC16 F GGCTGCTTCATCATCATCCTCCTC  
R GGGCAAGGTCTGAGACACTGAAAC 

CD44 F GAGCAGCACTTCAGGAGGTTACATC  
R TCGGTGATCCAGGGACTGTCTTC 

CNTNAP3 F GGTTCAGGGAGTTTCGTCCTCTTTC  
R TGCTGTGACATTCCTTGGTGACTG 

DENND2B F GACAGCGACTCCGACGATGAATG  
R GCCCTCTCTCCCTTCTCACTCTG 

FAM111A F GGTCACGGAAGCACTCAGTCAATG  
R TAGTTGTGGCTCTTGGGTCTCCTC 

FANCI F CTATGTTTGCCAACCAGCTTGATGC  
R ACCTGACTGACACTGAGAGACTGAC 

GSN F TTGACTTCTGCTAAGCGGTACATCG  
R CAAGGAACCAGCCCACAAAGGAG 

LTBP4 F GCGTGTGAAGAGGATGTGGATGAG  
R GAAAGGAGCCTGCCGTGTTGTC 

MIA2 F CCTGACTGCCGATACCTGAACTTC  
R TTCCTGCCCACAAATCTTCCCTTTC 

MIB2 F GACACCAAGAACCAAGGCAGGAC  
R TTGTAGCAGCAGCCGTATCAACTC 

PEX1 F GTGGCTTTCTCAGAGGCAGTGTG  
R CAGCAGGCAGTCCAGCAATGAG 

RPL13A F GCCCGCCTCCTTACGACAAAAG  
R CGGCAGAAAGACGACCAAGATGAC 

RPL22L1 F GCAGAAAGACAGGAAGCCCAAGAG  
R CCCGAGATTTCCAGTTTTGCCATTG 

SAMD9L F TTATTTCTTGGCCTGCCTCCTGTTC  
R AAGTGTGCTTGCCTGCTTGGAC 

SYTL1 F GAGGCTGCTGTGAAAGAGAAGGAAG  
R CAGAAGGCGATGGGAAATCAGGTC 

TAZ F CATCACCATATCCAACCACCAGTCC  
R CCATCTCATTCGCTTCAGGTTCCAG 

TLK2 F ATGGCATGGAGCTAACATCACAAGG  
R CACCCACCGACCACACATCAAC 

GAPDH F GGGAGCCAAAAGGGTCAT  
R GAGTCCTTCCACGATACCAA  
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AS model has been developed based on the sensitivity of 138 chemo-
therapeutic drugs in Genomics of Drug Sensitivity in Cancer (GDSC) [24, 
25]. However, the AS model of cisplatin resistance in OSCC has not been 
reported yet. In this study, we screened differentially expressed mRNA 
in cisplatin resistant OSCC cells and established a novel cisplatin resis-
tant AS model. In this model, we found that SE (61.9%) was the most 
common AS event, which might play a major role in the chemoresistance 
of OSCC. Meanwhile, a total of 18 genes including CD44 participated in 
the resistance of OSCC to cisplatin, and these genes were differentially 
expressed with AS events. Therefore, it is essential to determine the 
function of AS alterations for understanding the chemoresistance 
mechanism in OSCC. Moreover, AS may be considered as a therapeutic 
target to provide new insights for relieving chemotherapy resistance. 

CD44 is a hyaluronan binding cell surface adhesion molecule that 
influences tumor development, tumor metastasis, the formation of 
tumor microenvironment as well as the expression of chemotherapy 
resistance phenotype [26,27]. Previous studies have revealed that CD44 
overexpression weakened the cytotoxicity of chemotherapy on various 
cancers, which led to poor prognosis of patients [26]. In this study, we 
found that CD44 occurring SE event led to the enhancement of cisplatin 
chemoresistance in OSCC, which was consistent with the study of 
Kashyap et al. [28]. Furthermore, targeting the activity of AS variants 
might be useful to activate or improve NK cell surveillance on various 
cancers including OSCC, while changes in the immune microenviron-
ment could predict patient’s response to chemotherapy [22]. Tradi-
tionally, DCs are considered to be the most effective initial antigen 
presenting cells, which can stimulate T cells and initiate anti-tumor 
immunity [29,30]. However, more studies have found that DCs acti-
vated by inflammatory factors could be transformed into DCs with im-
mune regulation functions, leading to tumor immune tolerance and 
chemotherapy resistance [15,31]. Due to the cell maturity and 

microenvironment, there may be no contradiction between the 
anti-tumor immune initiation of DCs and the induction of tumor drug 
resistance. Our findings indicated that CD44 overexpression could pro-
mote the maturation and activation of DCs, no matter in co-cultured 
CDDP-resistant or non CDDP-resistant OSCC cells, which was consis-
tent with bioinformatics prediction. Targeting CD44 activity may lay a 
foundation for studying the immune mechanism of cisplatin resistance 
in OSCC. 

There are many variant isoforms of CD44, which are produced by 
alternative splicing of different combinations among 10 exons (v1–10). 
Different subtypes with various properties may have different tissue- 
specific effects, which contribute to diverse influence on cancer pro-
gression or drug resistance [27,28,32–35]. For example, the expression 
of CD44v9 might be used as a new indicator to identify the CDDP 
resistant population in patients with surgically treated urothelial carci-
noma [32]. CD44v8–10 induces ROS defenses by promoting xCT func-
tion that regulates GSH synthesis, which contributes to chemotherapy 
resistance [32]. CD44v4 expression is more closely related to the acti-
vation of ERK1/2 and the aggravation of cisplatin resistance, while the 
expression of CD44v6 is mainly related to PI3K/Akt/GSK3β activation 
and the occurrence of tumor invasion or migration [28,35]. Combined 
with the current research on the drug resistance function and immune 
microenvironment regulation of AS, we speculate that CD44 may 
regulate different signaling pathways through different variants, 
thereby reducing the ability of DCs to activate tumor immunity and 
enhancing the cisplatin resistance of OSCC. We will confirm this in the 
subsequent studies. 

In summary, our findings established the AS model of OSCC cisplatin 
resistant cell line and identified that CD44 occurring SE event could 
activate DC mediated tumor immune response and enhance the cisplatin 
resistance of OSCC. Targeting CD44 activity may not only provide a new 

Fig. 5. CD44 promoted the progression of OSCC analyzed by GSEA. Gene set enrichment analysis was performed using the TCGA gene expression profiles of 
HNSCC. (A) Gene sets were enriched in CD44 high expression HNSCC according to ‘c5 all v7.0’ GO gene set profile. (B) Gene sets were enriched in CD44 high 
expression HNSCC according to ‘c2.cp.kegg. v7.2’ KEGG gene set profile. 
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Fig. 6. CD44 may play an important role in immune infiltration of HNSCC. (A) CD44 expression profiles were analyzed through TIMER online tool from TCGA 
database. (B) Tumor infiltrated lymphocytes distributions were analyzed by CIBERSORT algorithm with R package according to CD44 expression. (C) Immune 
infiltration correlation with CD44 expression was analyzed by TIMER online analyses. *P < 0.05, **P < 0.01, ***P < 0.001, Student’s t-test. 
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target for the treatment of OSCC, but also provide new insights for the 
study of cisplatin resistance. 

Consent for publication 

Not applicable. 

Availability of data and material 

The original contributions presented in the study are included in the 
article, further inquiries can be directed to the corresponding author on 
reasonable request. 

Table 3 
Correlation analysis between CD44 and related genes and markers of immune cells in TIMER.  

Description Gene markers HNSC (Total) HNSC (HPV-pos) HNSC (HPV-neg)        

none purity none purity none purity   
cor P cor P cor P cor P cor P cor P 

CD8+ T cell CD8A -0.085 0.051 -0.061 0.176 -0.237 0.019 -0.210 0.047 0.026 0.589 0.036 0.466  
CD8B -0.161 ** -0.143 * -0.372 ** -0.354 ** -0.034 0.480 -0.032 0.529  
PTPRC 0.126 * 0.145 * 0.022 0.831 0.083 0.439 0.230 *** 0.227 *** 

T cell (general) CD3D -0.160 ** -0.137 * -0.384 *** -0.364 ** -0.039 0.429 -0.031 0.535  
CD3E -0.076 0.085 -0.052 0.251 -0.269 * -0.238 0.024 0.050 0.308 0.056 0.262  
CD2 -0.102 0.019 -0.082 0.071 -0.286 * -0.264 0.012 0.023 0.641 0.026 0.597 

B cell CD19 -0.189 *** -0.169 ** -0.398 *** -0.358 ** -0.060 0.218 -0.058 0.250  
CD79A -0.143 * -0.122 * -0.350 ** -0.308 * -0.012 0.813 -0.009 0.857  
CD27 -0.143 * -0.121 * -0.343 ** -0.313 * -0.015 0.752 -0.010 0.846  
CD20 (KRT20) -0.080 0.068 -0.071 0.115 -0.088 0.388 -0.056 0.603 -0.084 0.086 -0.085 0.089 

Monocyte CD14 0.079 0.071 0.081 0.072 0.067 0.510 0.056 0.601 0.101 0.038 0.100 0.045  
CD115 (CSF1R) 0.141 * 0.153 ** 0.065 0.524 0.084 0.432 0.199 *** 0.199 *** 

TAM CCL2 0.122 * 0.132 * 0.168 0.098 0.209 0.048 0.123 0.012 0.120 0.017  
CD68 0.271 *** 0.279 *** 0.377 ** 0.375 ** 0.270 *** 0.279 ***  
IL10 0.214 *** 0.221 *** 0.144 0.158 0.159 0.135 0.262 *** 0.261 *** 

M1 Macrophage INOS (NOS2) -0.106 0.015 -0.096 0.033 -0.302 * -0.291 * 0.040 0.410 0.033 0.507  
CD80 0.198 *** 0.210 *** 0.065 0.526 0.093 0.384 0.271 *** 0.266 ***  
IRF5 -0.034 0.444 -0.022 0.629 0.017 0.871 -0.003 0.981 0.021 0.661 0.032 0.516  
IL6 0.266 *** 0.272 *** 0.393 *** 0.433 *** 0.211 *** 0.209 ***  
CD64 (FCGR1A) 0.034 0.444 0.030 0.510 -0.029 0.779 -0.066 0.535 0.091 0.063 0.090 0.073 

M2 Macrophage CD163 0.208 *** 0.197 *** 0.281 * 0.258 0.014 0.213 *** 0.208 ***  
MRC1 0.317 *** 0.303 *** 0.325 * 0.302 * 0.295 *** 0.292 ***  
VSIG4 0.118 * 0.110 0.015 0.192 0.059 0.150 0.157 0.108 0.027 0.112 0.025  
MS4A4A 0.120 * 0.117 * 0.136 0.181 0.107 0.317 0.152 * 0.149 * 

Neutrophils CD66b (CEACAM8) -0.141 * -0.113 0.012 -0.106 0.297 -0.062 0.559 -0.075 0.122 -0.062 0.218  
CD11b (ITGAM) 0.027 0.544 0.037 0.407 -0.128 0.208 -0.112 0.293 0.124 0.011 0.121 0.016  
CD16 (FUT4) 0.286 *** 0.293 *** -0.062 0.543 -0.035 0.740 0.413 *** 0.405 *** 

Natural killer cell KIR2DL1 0.013 0.768 0.028 0.542 0.002 0.981 -0.031 0.770 0.072 0.141 0.092 0.066  
KIR2DL3 -0.083 0.057 -0.069 0.126 -0.213 0.036 -0.223 0.034 0.016 0.737 0.030 0.554  
KIR3DL1 -0.095 0.031 -0.081 0.074 -0.335 ** -0.329 * 0.049 0.313 0.059 0.238  
KIR3DL2 -0.060 0.168 -0.054 0.233 -0.092 0.370 -0.093 0.384 0.022 0.650 0.023 0.650  
CD56 (NCAM1) 0.213 *** 0.236 *** 0.136 0.180 0.174 0.100 0.198 *** 0.213 ***  
CD335 (NCR1) 0.087 0.047 0.112 0.013 0.073 0.474 0.109 0.306 0.187 ** 0.193 ** 

Dendritic cell BDCA-1 (CD1C) -0.003 0.950 0.020 0.658 -0.145 0.156 -0.119 0.265 0.097 0.046 0.106 0.033  
BDCA-3 (THBD) 0.163 ** 0.153 ** 0.283 * 0.273 * 0.121 0.013 0.119 0.017  
BDCA-4 (NRP1) 0.448 *** 0.445 *** 0.601 *** 0.606 *** 0.405 *** 0.404 ***  
CD123 (IL3RA) -0.081 0.064 -0.059 0.192 -0.324 * -0.311 * 0.016 0.750 0.024 0.630  
CD11c (ITGAX) 0.093 0.035 0.102 0.023 0.008 0.940 -0.005 0.964 0.149 * 0.156 * 

Th1 T-bet (TBX21) -0.092 0.036 -0.066 0.142 -0.255 0.011 -0.230 0.029 0.017 0.723 0.030 0.550  
STAT4 0.100 0.023 0.109 0.015 -0.105 0.304 -0.072 0.498 0.201 *** 0.192 **  
STAT1 0.317 *** 0.320 *** 0.300 * 0.308 * 0.336 *** 0.332 *** 

Th2 GATA3 0.073 0.097 0.073 0.105 0.002 0.985 0.042 0.697 0.109 0.026 0.093 0.064  
STAT6 0.285 *** 0.288 *** 0.210 0.038 0.209 0.048 0.354 *** 0.350 ***  
IL13 -0.052 0.234 -0.057 0.210 -0.064 0.532 -0.084 0.433 -0.013 0.789 -0.022 0.665 

Tfh BCL6 0.148 ** 0.153 ** 0.222 0.028 0.245 0.020 0.189 *** 0.187 **  
IL21 0.020 0.642 0.026 0.562 -0.083 0.415 -0.037 0.731 0.109 0.025 0.088 0.079 

Th17 STAT3 0.257 *** 0.275 *** 0.205 0.043 0.232 0.028 0.358 *** 0.357 ***  
IL17A -0.023 0.594 -0.011 0.812 -0.064 0.530 -0.017 0.871 0.049 0.313 0.045 0.366 

Treg FOXP3 0.131 * 0.152 ** 0.010 0.924 0.063 0.558 0.248 *** 0.247 ***  
ISG20 -0.063 0.153 -0.049 0.278 -0.207 0.040 -0.168 0.112 -0.019 0.701 -0.016 0.748  
CCR8 0.255 *** 0.275 *** 0.249 0.013 0.314 * 0.326 *** 0.321 ***  
STAT5B 0.222 *** 0.238 *** 0.294 * 0.350 ** 0.250 *** 0.253 *** 

T cell exhaustion PD-1 (PDCD1) -0.091 0.037 -0.070 0.123 -0.288 * -0.260 0.013 0.029 0.558 0.034 0.503  
CTLA4 0.007 0.873 0.023 0.610 -0.209 0.039 -0.184 0.083 0.125 0.010 0.122 0.014  
LAG3 -0.068 0.119 -0.050 0.265 -0.228 0.024 -0.222 0.036 0.022 0.659 0.030 0.554  
TIM-3 (HAVCR2) 0.089 0.042 0.103 0.023 -0.018 0.859 -0.020 0.852 0.174 ** 0.179 **  
GZMB -0.077 0.079 -0.055 0.222 -0.229 0.023 -0.215 0.042 0.016 0.748 0.029 0.562 

HNSCC, head and neck squamous cell carcinoma; HPV-pos, HPV positive; HPV-neg, HPV negative; None, correlation without adjustment; Purity, correlation adjusted 
by purity; TAM, tumor-associated macrophage; Th, T helper cell; Tfh, follicular helper T cell; Treg, regulatory T cell; Cor, R value of Spearman’s correlation. 

* P<0.01; 
** P<0.001; 
*** P<0.0001. 
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