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Abstract: Paclitaxel is a widely used chemotherapy drug for advanced laryngeal cancer patients. However, the fact 
that there are 20-40% of advanced laryngeal cancer patients do not response to paclitaxel makes it necessary to 
figure out potential biomarkers for paclitaxel sensitivity prediction. In this work, Hep2, a laryngeal cancer cell line, 
untreated or treated with lower dose of paclitaxel for 24 h, was applied to DNA microarray chips for gene and miR 
expression profile analysis. Expression of eight genes altered significantly following paclitaxel treatment, which was 
further validated by quantitative real-time PCR. Four up-regulated genes were ID2, BMP4, CCL4 and ACTG2, in which 
ID2 and BMP4 were implicated to be involved in several drugs sensitivity. While the down-regulated four genes, 
MAPK4, FASN, INSIG1 and SCD, were mainly linked to the endoplasmic reticulum and fatty acid biosynthesis, these 
two cell processes that are associated with drug sensitivity by increasing evidences. After paclitaxel treatment, 
expression of 49 miRs was significantly altered. Within these miRs, the most markedly expression-changed were 
miR-31-star, miR-1264, miR-3150b-5p and miR-210. While the miRs putatively modulated the mRNA expression of 
the most significantly expression-altered genes were miR-1264, miR-130a, miR-27b, miR-195, miR-1291, miR-214, 
miR-1277 and miR-1265, which were obtained by miR target prediction and miRNA target correlation. Collectively, 
our study might provide potential biomarkers for paclitaxel sensitivity prediction and drug resistance targets in la-
ryngeal cancer patients. 
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Introduction

Laryngeal cancer (LC) is a common head and 
neck cancer. In 2013, an estimated 12,260 
new cases of LC will be diagnosed in the United 
States, accounting for 3,630 deaths (American 
Cancer Society). The vast majority of LCs are of 
squamous cell histology, and approximately 
40% of patients will have advanced (stage III or 
IV) disease when first evaluated [1]. Surgery, 
radiation therapy or chemotherapy alone or 
combination therapy are widely used to treat 
LC. With the advances in treatment, not only 
survival but also larynx preservation becomes 
important goals for treatment of LC patients. 

Chemotherapy has become more and more 
important since this treatment is able to pre-
serve laryngeal function. Paclitaxel is one of 
the commonly used chemotherapeutic agents 

for LC. When used alone for head and neck can-
cer treatment, the objective response rate of LC 
patients to paclitaxel is 20-40% [2]. Induction 
chemotherapy or chemotherapy administered 
concomitantly with radiation provides a survival 
advantage as well as a significantly increased 
rate of organ preservation when compared with 
radiation alone [3, 4]. In 2003, Pfreundner et al 
showed a paclitaxel-based induction chemo-
therapy and concurrent regimen produced an 
84% 2-year organ preservation rate with accept-
able toxicity in LC patients [4]. Others have 
reported similar results using taxane-based 
regimens [5-7]. In 2007, it was reported that a 
74% 2-year organ preservation rate was 
obtained with paclitaxel-based concurrent 
chemoradiotherapy for resectable advanced 
larynx patients, two-year survival was 63%, and 
the objective response rate was 50% [8]. Above 
reports suggested that paclitaxel-based regi-
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mens, including induction chemotherapy and 
concurrent chemoradiotherapy, have good 
effect on patients’ survival and larynx preserva-
tion. However, there are still 20-40% of patients 
who do not respond to paclitaxel-based thera-
py. So, it is urgent to find potential biomarkers 
for paclitaxel sensitivity evaluation to improve 
the therapy effect of paclitaxel.

Many genes or microRNAs (miRs) have been 
reported to be involved in paclitaxel sensitivity 
or resistance of various cancers. For example, 
expression of β-tubulin isotypes [9], member or 
regulator of the actin cytoskeleton, such as 
γ-actin [10] and LIMK2 [11] and the extracellu-
lar matrix protein transforming growth factor-β 
induced (TGFBI) [12] was correlated with pacli-
taxel sensitivity in different cancers; paclitaxel 
sensitivity of various cancer cells was also 
associated to expression of miR-200c [13], 
miR-148a [14], miR-125b [15], miR-21 [16], 
miR-337-3p [17] and miR-34a [18]. However, 
there are few studies on biomarkers of laryn-
geal cancer cells for paclitaxel. Thus it is worth 
to observe the influence of genes and miRs 
above mentioned on paclitaxel sensitivity of 
laryngeal cancer cells.

In present study, to systematically understand 
the roles of genes or miRs in paclitaxel sensitiv-
ity, Hep2 cells, untreated or treated with lower 
dose of paclitaxel for 24 h, were applied to DNA 
microarray chips for gene and miR expression 
profile analysis. The differentially expressed 
genes and miRs were identified and the rela-
tionships between significantly expression-
altered miRs and genes were observed.

Materials and methods

Cell culture 

Hep2 cell line was purchased from ATCC (CCL-
23) and maintained in DMEM medium supple-
mented with 10% FBS (Hyclone), penicillin (100 
IU/ml) and Streptomycin (100 μg/ml) (Life 
Technologies). Cells in the exponential growth 
phase were used for all the experiments.

MTS assay for Hep2 cell viability 

Hep2 cells (4×103) were cultured in 100 μl of 
DMEM medium each well in a 96-well plate. 
After 24 h, the cells were treated with paclitaxel 
(0, 2, 6.3, 20, 63, 200, 630, 2000 nmol/L, 

respectively) for 72 h. Every treatment was trip-
licate in the same experiment. Then 20 μl of 
MTS (CellTiter 96 AQueous One Solution 
Reagent; Promega) was added to each well for 
2 h at 37°C. After incubation, the absorbance 
was read at a wavelength of 490 nm according 
to the manufacturer’s instructions. The IC50 
calculation was performed with GraphPad 
Prism 5.0 software. 

The concentration of paclitaxel at which Hep2 
cell viability was suppressed by 10% or so in 24 
h was determined as follow: Hep2 cells were 
treated with paclitaxel (0, 0.2, 0.63, 2.0, 6.3 
and 20 nmol/L, respectively) for 24 h. Every 
treatment was triplicate in the same experi-
ment. The cell viability was examined as above 
mentioned. 

The time-course of paclitaxel treatment was 
carried out as follow: Hep2 cells were left 
untreated or treated with paclitaxel (2 nmol/L) 
for 24, 48 and 72 h, respectively. Every treat-
ment was triplicate in the same experiment. 
The cell viability was calculated relatively to the 
untreated cells at every time point. 

Microarray analysis: gene and miR expression 
profile

Hep2 cells (8×104) were grown in 2 ml of DMEM 
medium (10% FBS) each well in a 6-well plate. 
After 24 h, the cells were treated with paclitaxel 
(2 nmol/L) for 24 h or left untreated, respec-
tively. Every treatment was duplicated in the 
same experiment. All the samples were homog-
enized with 1 ml Trizol (Invitrogen, Life 
Technologies) and total RNAs were extracted 
according to the manufacturer’s instructions. 

500 ng total RNA was used to synthesize dou-
ble-strand cDNA and in vitro transcribed to 
cRNA, purified 10 μg cRNA was used to synthe-
size 2nd-cycle cDNA and then hydrolyzed by 
RNase H and purified. Above steps were per-
formed with Ambion WT Expression Kit. 5.5 μg 
2nd-cycle cDNA was fragmented and the sin-
gle-stranded cDNA was labeled with GeneChip2 
WT Terminal Labeling Kit and Controls Kit 
(Affymetrix, PN 702880). About 700 ng frag-
mented and labeled single-stranded cDNA 
were hybridized to an Affymetrix GeneChip 
Human Gene 1.0 ST array, which was washed 
and stained with GeneChip2 Hybridization, 
Wash and Stain kit (Affymetrix). 
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Total RNA from Hep2 cells, untreated or treated 
with lower dose of paclitaxel for 24 h, was pro-
cessed and hybridized to Affymetrix GeneChip® 
miRNA 2.0 Array, which recognizes 1,105 sepa-
rate human miRs in accordance with the Sanger 
Institute miRBase version 15. Each sample 
was duplicated for miR expression profile.

Microarray data analysis was done using 
Significance Analysis of Microarrays (SAM) 
method, as described before [19]. Gene set 
enrichment analysis (GSEA) was performed to 
the differential expression genes with DAVID 
6.7 online software.

Quantitative real-time PCR (qPCR)

Total RNA above isolated was synthesized to 
cDNA using PrimeScript RT reagent kit with 
gDNA Eraser (Takara, RR074A) for RT-PCR with 
mixture of oligo-dT and Random Primer (9 mer). 
The primers used for qPCR validation were list 
in Table 1. Real-time qPCR was performed on 
CFX-96 (Bio-lab), with endogenous control 
hActb. Gene expression was calculated relative 
to expression of hActb endogenous control and 
adjusted relative to expression in untreated 
control cells.

miR-gene networks with the aid of Cytoscape 
2.8 software.

Statistical analysis

R2 values were calculated using Pearson’s cor-
relation coefficient. The significant difference 
was calculated using Student’s t-test. 

Results

Hep2 cell line is sensitive to paclitaxel 

To determine chemosensitivity of Hep2 cells to 
paclitaxel, Hep2 cells were treated with pacli-
taxel at different concentrations for 72 h, cell 
viability was examined by MTS assay and IC50 
dose to paclitaxel was calculated. IC50 dose of 
Hep2 to paclitaxel at 72 h is 0.018 μmol/L 
(R2=0.94) (Figure 1A). According to data report-
ed in DTP Data Search, the mean IC50 of NCI-
60 cell panel to paclitaxel is 0.009-0.035 
μmol/L. So, Hep2 cell line is sensitive to 
paclitaxel. 

To find a suitable dose to inhibit Hep2 cells 
growth by 10% or so, we used a narrower range 
of paclitaxel concentrations to treat Hep2 cells 

miR target prediction and 
miRNA target correlation

miR target prediction was 
performed with miRWalk 
online software. The com-
parative analysis was 
done by 5 prediction pro-
grams: miRanda, miRDB, 
miRWalk, RNA22 and 
TargetScan. 8 genes 
induced or repressed by 
paclitaxel were selected 
to perform miR target pre-
diction. miRs predicted by 
greater than or equal to 3 
programs were selected 
as putative upstream tar-
get of some gene. The 
putative upstream miRs 
were done intersection 
with miRs that expression 
level altered significantly 
(FDR<10%) following 
paclitaxel treatment. The 
overlapped miRs were 
selected to construct 

Table 1. Primers for qPCR validation
Gene Forward Reverse
Actb GCATCCCCCAAAGTTCACAA GGACTTCCTGTAACAACGCATCT
SCD GGAGCCACCGCTCTTACAAA ACGAGCCCATTCATAGACATCA
INSIG1 AGTGCTGCCTGGAGGAAACTC GAGGGTTCAGTGGAGGGTGTAA
MAPK4 TGAGAAGGGTGACTGCATCG ACCAAACCATTGACACCGAAG
TGM2 GGGCCACTTCATTTTGCTCTT ACTCCTGCCGCTCCTCTTC
FASN CGCTCGGCATGGCTATCT CTCGTTGAAGAACGCATCCA
SREBF1 GCCCCTGTAACGACCACTG CAGCGAGTCTGCCTTGATG
FAM83A AGGGACGGGAGGCATGA GGACCCACTGGCTCTTGACA
OCLM CTCCTGTGGTGTAAATCATTGCTT AATCCTGAAACCTGCAATGCA
HOXB5 TCCTTCCATGCTCCCAACTC CACAGACACAAACATTCAGAAACACT
TTK GACTTTCCACCTGCTTGTCAGTT AGTGGCAAGTATTTGATGCTGTTG
AGPAT1 TGAGGGTCTGGGTGTTTCCT CACGTTTGAAGGGCAGCAT
PDK4 TCAGGACACTTTACGGGATCAA TGGAGGAAACAAGGGTTCACA
MED10 AAGGCAAGATCGACACCATGA CCCCGGATGCTTCGATACTT
PSG4 TTGCTGGCTACATTTGGTACAA CATCCTCCTGCGTGACATTC
IGFBP3 TCCAATAGTCCCCAAGCAGTACA TTCCACCCCCTCCATTCAA
SEMA3D GCTCATAAGGAAAGTGCAGACCAT GTCATAGGTTTTGCTTGGACATGT
CCL4 TGGGTCCAGGAGTACGTGTATG CTTCCCTGAAGACTTCCTGTCTCT
ID2 CAGTCCCGTGAGGTCCGTTA GGGTTTTGCTCCGGGAGAT
ACTG2 TTGATGTCTCGCACAATTTCTCT ATTGTGCGAGACATCAAGGAG
BMP4 CACACGACTACTGGACACGAGACT AGGGCTCACATCAAAAGTTTCC
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for 24 h. The IC50 of Hep2 to paclitaxel at 24 h 
is 0.143 μmol/L (R2=0.97). As Hep2 cells viabil-
ity was repressed by 10.7% at the concentra-
tion of 2 nmol/L (Figure 1B), this concentration 
is suitable for study on paclitaxel sensitivity. 
The concentration was far lower than the cor-
responding IC50 dose. 

And then, Hep2 cells were treated with 2 
nmol/L of paclitaxel for 24, 48 and 72 h or left 
untreated. The time-course effect of paclitaxel 
treatment was present in Figure 1C. The results 
showed that when treated with the lower con-
centration of paclitaxel for 24 h, Hep2 cell via-
bility was suppressed by 15% or so. 

Gene expression analysis

Hep2 cells, treated with a lower dose of pacli-
taxel for 24 h or left untreated, were applied to 
DNA microarray chips. The results of bioinfor-
matics analysis showed that when cells were 
treated with this moderate condition, gene 
expression did not alter dramatically. 
Expression of 36 genes was increased by high-
er than 30% (Table 2), and that of 19 genes 
was decreased by higher than 30% (Table 3) 
after paclitaxel treatment. The most markedly 
expression-altered genes were ID2 (up to 1.85 
fold), CCL4 (up to 1.77 fold), HOXB5 (down to 
0.53 fold), RBMY2EP (down to 0.61 fold) and 
FASN (down to 0.61 fold). Since amount of the 
significantly expression-altered genes was too 
little, only few pathways/cell processes were 
obtained after GSEA. Up-regulated genes were 
enriched in regulation of protein amino acid 
phosphorylation (BMP4, TTK and IGFBP3, 
p=0.04, FDR=44%), while down-regulated 
genes were enriched in carboxylic acid biosyn-

thetic process (SCD, FASN, LGSN and AGPAT1, 
p=3.01E-04, FDR=0.4%) and the endoplasmic 
reticulum (ER) (SREBF1, SCD, INSIG1, UBQLN4 
and AGPAT1, p=0.003, FDR=2.7%).

qPCR validation of gene expression

Then 20 genes were selected for further vali-
dating the fold change determined by microar-
ray. Within these genes, expression of 11 genes 
was up-regulated and that of 9 genes was 
down-regulated following paclitaxel treatment. 
As showed in Figure 2A, the expression trends 
of 17 genes were consistent between microar-
ray data and qPCR results following paclitaxel 
treatment, although expression fold change 
varied to some extents. For AGPAT1, qPCR data 
showed its expression was increased, which 
was in contrast to microarray data. While for 
TTK and HOXB5, their expression determined 
by qPCR had no significant difference (p>0.05) 
before and after paclitaxel treatment, which 
was not in line with microarray data. In terms of 
expression trends, 17 of 20 (85%) genes 
induced or repressed following paclitaxel treat-
ment were positively validated by qPCR. And 
then, the correlation between both data sets 
was observed using R2. As shown in Figure 2B, 
an R2 value of 0.84 (p<0.05) was calculated for 
the fold change determined by these two meth-
ods. Collectively, these data suggested that 
microarray data were mostly reliable. The genes 
whose expression altered the most markedly 
were ID2, CCL4, BMP4, ACTG2, FASN, INSIG1, 
MAPK4 and SCD.

miR expression analysis 

Bioinformatics analysis showed that miR 
expression profile markedly altered. When false 

Figure 1. Hep2 cells are sensitive to paclitaxel. A. MTS assay for Hep2 cells treated with paclitaxel (0, 2, 6.3, 20, 
63, 200, 630, 2000 nmol/L, respectively) for 72 h. B. MTS assay for Hep2 cells treated with paclitaxel (0, 0.2, 0.63, 
2.0, 6.3 and 20 nmol/L, respectively) for 24 h. C. Time-course effect of lower dose treatment of paclitaxel. Hep2 
cells were left untreated or treated with paclitaxel (2 nmol/L) for 24, 48 and 72 h, respectively. Every treatment was 
triplicate in the same experiment. Error bars represent the standard deviation (SD).
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discovery rate (FDR) was set as 1%, the cutoff 
value of relative normalized difference for up-
regulated genes was 1.73 (Figure 3C), for 
down-regulated genes was -2.00 (Figure 3A). 
According to this criterion (FDR<1%), expres-
sion of 5 miRs was significantly increased and 
that of 4 miRs was markedly decreased (Figure 
3B). When FDR was set as 10%, the cutoff val-

ues were 1.20 and -1.35, respectively, for up-
regulated and down-regulated miRs. According 
to this criterion (FDR<10%), 27 miRs showed 
increased expression and 22 miRs showed 
decreased expression (Table 4). Within these 
miRs, the most significantly expression-altered 
were miR-31-star, miR-1264, miR-3150b-5p 
and miR-210.

Table 2. The most significantly up-regulated genes
Gene Symbol fold change p value Gene Description
ID2 1.851 0.01 inhibitor of DNA binding 2, dominant negative helix-loop-helix protein
CCL4 1.773 0.03 chemokine (C-C motif) ligand 4
SEMA3D 1.471 0.01 sema domain, immunoglobulin domain (Ig), short basic domain, secreted, 

(semaphorin) 3D
PSG4 1.464 0.04 pregnancy specific beta-1-glycoprotein 4
DUSP5P 1.423 0.02 dual specificity phosphatase 5 pseudogene
ACTG2 1.415 0.001 actin, gamma 2, smooth muscle, enteric
MED10 1.414 0.001 mediator complex subunit 10 
IGFBP3 1.408 0.01 insulin-like growth factor binding protein 3
SCN9A 1.389 0.04 sodium channel, voltage-gated, type IX, alpha subunit
LYPD6B 1.386 0.02 LY6/PLAUR domain containing 6B
DEPDC7 1.384 0.001 DEP domain containing 7
BMP4 1.378 0.04 bone morphogenetic protein 4
NDUFV2 1.373 0.002 NADH dehydrogenase (ubiquinone) flavoprotein 2, 24kDa
OLR1 1.363 0.01 oxidized low density lipoprotein (lectin-like) receptor 1
NDUFV2 1.360 0.01 NADH dehydrogenase (ubiquinone) flavoprotein 2, 24kDa
DLEU2 1.348 0.02 deleted in lymphocytic leukemia 2 (non-protein coding)
RPL23AP53 1.344 0.01 ribosomal protein L23a pseudogene 53 
PDK4 1.341 0.04 pyruvate dehydrogenase kinase, isozyme 4
TTPA 1.340 0.05 tocopherol (alpha) transfer protein 
TIMM8A 1.334 0.02 translocase of inner mitochondrial membrane 8 homolog A (yeast)
RLIM 1.331 0.02 ring finger protein, LIM domain interacting
GIN1 1.329 0.04 gypsy retrotransposon integrase 1
TTK 1.329 0.001 TTK protein kinase
TUBB8 1.327 0.03 tubulin, beta 8 class VIII
SASS6 1.327 0.0003 spindle assembly 6 homolog (C. elegans)
SLC7A11 1.326 0.001 solute carrier family 7 (anionic amino acid transporter light chain, xc-

system), member 11
GTF2F2 1.321 0.01 general transcription factor IIF, polypeptide 2, 30kDa
BCAT1 1.320 0.01 branched chain amino-acid transaminase 1, cytosolic
FKTN 1.314 0.02 fukutin
KIAA1143 1.314 0.02 KIAA1143 
DENND2C 1.310 0.03 DENN/MADD domain containing 2C
ZNF791 1.310 0.02 zinc finger protein 791
ZNF33B 1.307 0.05 zinc finger protein 33B
ARHGAP11A 1.307 0.01 Rho GTPase activating protein 11A
FBXO16 1.303 0.04 F-box protein 16
C3orf26 1.301 0.01 chromosome 3 open reading frame 26
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predicted to be putatively mediated by 32 miRs 
(predicted by ≥3 programs) with the aid of miR-
Walk online software. Then this 32 miRs set 
was done intersection with the down-regulated 
22 miRs and the only overlapped miR was miR-
214. Thus the up-regulated expression of CCL4 
was putatively mediated by the down-regulated 
expression of miR-214. For the other 7 genes, 

MiRs-genes network construction 

To construct the network between significantly 
expression-altered miRs and genes, 8 genes 
whose expression altered the most markedly 
and was validated by qPCR were selected to 
perform miR target prediction and miRNA tar-
get correlation. For example, CCL4 gene was 

Table 3. The most significantly down-regulated genes
Gene Symbol fold change p value Gene Description
HOXB5 0.531 0.02 homeobox B5
RBMY2EP 0.606 0.02 RNA binding motif protein, Y-linked, family 2, member E pseudogene
FASN 0.613 0.0002 fatty acid synthase
TGM2 0.630 0.003 transglutaminase 2 (C polypeptide, protein-glutamine-gamma-glutamyl-

transferase)
OCLM 0.632 0.01 oculomedin
FAM83A 0.646 0.003 family with sequence similarity 83, member A
MAPK4 0.650 0.01 mitogen-activated protein kinase 4
UBQLN4 0.655 0.01 ubiquilin 4
FAM127A 0.673 0.01 family with sequence similarity 127, member A
SREBF1 0.674 0.001 sterol regulatory element binding transcription factor 1
INSIG1 0.675 0.005 insulin induced gene 1
GK3P 0.676 0.04 glycerol kinase 3 pseudogene
LGSN 0.685 0.01 lengsin, lens protein with glutamine synthetase domain
AGPAT1 0.685 0.01 1-acylglycerol-3-phosphate O-acyltransferase 1 (lysophosphatidic acid 

acyltransferase, alpha)
WBP2 0.686 0.01 WW domain binding protein 2
SCD 0.688 0.002 stearoyl-CoA desaturase (delta-9-desaturase)
GPR141 0.690 0.03 G protein-coupled receptor 141
SSBP4 0.694 0.01 single stranded DNA binding protein 4
ADAMTSL4 0.700 0.01 ADAMTS-like 4

Figure 2. qPCR validation of microarray results. A. Fold changes of 20 gene expression levels following paclitaxel 
treatment, as determined by microarray and qPCR analysis were shown in histogram. Gene expression was calcu-
lated relative to expression of hActb endogenous control and adjusted relative to expression in untreated control 
cells. Every treatment was triplicate in the same experiment. Error bars represent the standard deviation (SD). B. 
Correlation of fold change in gene expression levels following paclitaxel treatment as determined by microarray and 
qPCR. The 3 grey dots represent the 3 genes whose expression treands did not match between microarray data 
and qPCR results.
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the physiological status in vivo when patients 
were treated with the drug, and thus this meth-
od is suitable for study on cancer cells sensitiv-
ity to some drug in vitro [20]. In present study, 2 
nmol/L of paclitaxel, far lower than the corre-
sponding IC50 dose (143 nmol/L), was admin-
istrated to Hep2 cells for 24 h. Under this condi-
tion, the cell viability was reduced by 15% or so. 
It is assumed that when cancer cells growth 
was slightly inhibited, expression of genes 
involved sensitivity or resistance to some drug 
may be altered more severely than those linked 
to cell apoptosis or cell cycle. Subsequent gene 
expression profile analysis showed that expres-
sion of p53, Bax, CCND1 or CCNB1 did not 
change markedly. And this result strongly sup-
ports the above hypothesis. 

Expression of ID2, CCL4, BMP4, ACTG2, FASN, 
INSIG1, MAPK4 and SCD was the most greatly 
altered following lower dose of paclitaxel treat-
ment, which was further confirmed with qPCR. 
The former four genes were up-regulated, while 
the latter four genes were down-regulated fol-
lowing paclitaxel treatment. Within the up-regu-
lated genes, ID2 and BMP4 are intriguing. ID2, 
encoding a nuclear-localized protein, is associ-
ated to DNA-damage response and found to be 
induced by Ecteinascidin 743 in human primary 
sarcoma cells [21]. Furthermore, ID2 is pro-

we did the prediction and target correlation 
according to the same procedure and found 
that there were 8 miRs that putatively mediat-
ed the expression of 6 of those 8 genes, the 
network was constructed with the aid of 
Cystoscope 2.8 software (Figure 4). Expression-
increased miR-27b putatively mediated the 
decreased expression of FASN and INSIG1, 
while the down-regulated INSIG1 was putatively 
mediated by expression-increased miR-27b, 
miR-130a and miR-1264.

Discussion

Paclitaxel is a widely used chemotherapy drug 
for advanced laryngeal cancer patients, wheth-
er in induction chemotherapy or in concurrent 
chemoradiotherapy. However, the fact that 
20-40% of advanced laryngeal cancer patients 
do not response to paclitaxel makes it neces-
sary to figure out biomarkers for paclitaxel sen-
sitivity prediction. In this work, Hep2 cells, 
untreated or treated by lower dose of paclitaxel 
for 24 h, were applied to DNA microarray chips 
for gene and miR expression profile analysis. 
The differentially expressed genes and miRs 
were identified and the relationships between 
miRs and genes were examined. 

It was proposed that treating cancer cells with 
lower dose of antitumor drug in vitro can mimic 

Figure 3. Selection of significantly altered miRs. The normalized relative difference of miRs expression following pa-
clitaxel treatment from 0 to 24 h was calculated by SAM method. A. False discovery rate (FDR) estimation for down-
regulated miRs. When FDR was fixed on 1%, cutoff value of the normalized relative difference was -2.00. miRs with 
relative difference lower than -2.00 were identified as significantly down-regulated miRs. C. FDR estimation for up-
regulated miRs. When FDR was fixed on 1%, cutoff value of the normalized relative difference was 1.73. miRs with 
relative difference higher than 1.73 were identified as significantly up-regulated miRs. B. Selection of significantly 
altered miRs. Criterions above mentioned were applied to all miRs on the microarray chip, significantly up-regulated 
miRs were labeled with blue dots and significantly down-regulated miRs were dotted with red color. “sigma” in (A) 
and (C) means the relative normalized difference calculated by SAM method.
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ER-associated genes on modulating cancer 
cells sensitivity to paclitaxel. The possible 
mechanism by which ER-associated genes 
mediate paclitaxel sensitivity is in that ER is 
associated with the microtubule cytoskeleton, 
exactly site where paclitaxel exerts its cytotoxic 
effect in cancer cells. Specific to the SCD, a 
gene involved in ER and fatty acid biosynthesis, 
was suggested to be critical for cancer cell sur-
vival and thus to be a potential target for can-
cer therapy [29]. It was proposed that the 
docetaxel-resistance of progesterone receptor-
positive breast cancer cells induced by proges-
tin treatment is in part caused by the increased 
expression of SCD [30], indicating that SCD 
overexpression may be putative marker for 
docetaxel resistance. Considering that Hep2 
cells are sensitive to paclitaxel, the repressed 

posed to one of the crucial genes linked to che-
mosensitivity of glioblastoma to Semustine 
(Me-CCNU) [22]. BMP4 protein is a member of 
the bone morphogenetic protein family belong-
ing to the transforming growth factor-beta 
superfamily. Previous study showed that BMP4 
inhibits proliferation and induces the apoptosis 
by p53-dependent endoplasmic reticulum (ER) 
dysfunction in myeloma and B-cell hybridoma 
cells [23]. Moreover, BMP4 was highly 
expressed in cisplatin-resistant gastric cancer 
lines and targeted genetic inhibition of BMP4 
caused significant sensitization of gastric can-
cer cells to cisplatin [24]. Interestingly, BMP4 
induces ID2 expression in prostate cancer cell 
line [25]. This may be used to explain the co-
elevated expression of BMP4 and ID2 in our 
data. These reports together with our data sug-

Table 4. The most significantly altered miRs
up-regulated down-regulated 
miR sigma* miR sigma*

hsa-miR-31-star 2.10 hsa-miR-3150b-5p -2.62 
hsa-miR-1264 2.08 hsa-miR-210 -2.24 
hsa-miR-20b-star 2.02 hsa-miR-3163 -2.05 
hsa-miR-3168 1.88 hsa-miR-2964a-3p -2.04 
hsa-miR-3144-5p 1.84 hsa-miR-2277-3p -1.95 
hsa-miR-188-5p 1.71 hsa-miR-214 -1.78 
hsa-miR-1250 1.66 hsa-miR-200b-star -1.75 
hsa-miR-3074-3p 1.60 hsa-miR-199a-3p -1.64 
hsa-miR-140-5p 1.58 hsa-miR-193b-star -1.64 
hsa-miR-195 1.57 hsa-miR-29c -1.63 
hsa-miR-302b-star 1.54 hsa-miR-3065-3p -1.63 
hsa-miR-1265 1.50 hsa-miR-3161 -1.57 
hsa-miR-1197 1.46 hsa-miR-1277 -1.56 
hsa-miR-3173-3p 1.41 hsa-miR-200a -1.51 
hsa-miR-28-5p 1.36 hsa-miR-2114 -1.43 
hsa-miR-1200 1.35 hsa-miR-221 -1.42 
hsa-miR-3153 1.34 hsa-miR-124-star -1.41 
hsa-miR-296-3p 1.29 hsa-miR-10b-star -1.39 
hsa-miR-130a 1.29 hsa-miR-23c -1.38 
hsa-miR-3164 1.27 hsa-miR-15a -1.38 
hsa-miR-3167 1.27 hsa-miR-2278 -1.38 
hsa-miR-1268 1.25 hsa-miR-30a -1.37 
hsa-miR-130b-star 1.25 
hsa-miR-27b 1.24 
hsa-miR-219-2-3p 1.24 
hsa-miR-1291 1.21 
*sigma means the relative normalized difference calculated by 
SAM method.

gest that ID2 and BMP4 might be potential 
markers for paclitaxel sensitivity in larynge-
al cancer. 

As for the four down-regulated genes by 
paclitaxel, three genes are involved in car-
boxylic acid biosynthetic process (SCD and 
FASN) and ER (SCD, INSIG1), the fourth one, 
ACTG2, is linked to actin cytoskeleton. 
Member of actin cytoskeleton has been pro-
posed to be involved in paclitaxel sensitivity 
[10, 11]. Growing evidences suggest that 
ER-associated genes are critically linked to 
paclitaxel sensitivity [26-28]. In 2007, 
Shajahan et al showed that activation of 
Caveolin-1, an ER-localized protein, sensi-
tizes breast cancer cells to paclitaxel [26]. 
Bortezomib, an approved drug for the treat-
ment of certain hematological neoplasms, 
was shown to efficiently induce apoptosis by 
an upregulation of the ER stress sensor 
ATF3 in ovarian cancer cells and to enhance 
the sensitivity of ovarian cancer cells to 
TRAIL [27]. However, bortezomib attenuated 
the efficacy of paclitaxel treatment [27], 
suggesting that the cytotoxic effect of pacli-
taxel on cancer cells might partially be 
dependent on the down-regulation of ER 
stress, which is in line with our data in some 
ways. Recently, it was proposed that target-
ed inhibition of GRP78, a chaperone protein 
mainly located in the ER of normal cells, sig-
nificantly increases paclitaxel sensitivity of 
castrate-resistant prostate cancer cell line 
expressing GRP78 at its surface [28]. All the 
above reports show the roles of 



Potential biomarkers for paclitaxel in laryngeal cancer

1359 Int J Clin Exp Pathol 2013;6(7):1351-1361

above reports are in accordance with our data, 
the relationship between altered miR and 
mRNA expression need to be further studied by 
functional validation in more laryngeal cancer 
cell lines. Taken together, we provide here a 
new clue for looking for paclitaxel sensitive bio-
markers and the candidates from our results 
are worth of further study, which might do bet-
ter to the clinical application of paclitaxel.
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expression of SCD following paclitaxel treat-
ment is reasonable.

MiRs have been implicated to progression of 
human cancers and drug sensitivity. In this 
work, the majority of the most significantly 
expression-altered miRs (49 miRs with 
FDR<10%) have not putative targets in the 8 
genes whose expression altered the most 
markedly, except for 8 miRs (Figure 4). Because 
most miRs are typically thought to regulate 
gene expression post-transcriptionally, this 
phenomenon is not surprising. However, recent 
studies concluded that degradation of miRNA 
targets is a widespread effect of miRNA-based 
regulation, which alone accounts for most of 
the repression mediated by miRNAs in mam-
malian cell cultures [31]. Up-regulated miR-
130a putatively mediated decreased expres-
sion of INSIG1 in our data, while previous report 
showed that miR-130a was up-regulated in cis-
platin-resistant SKOV3 cells and silencing of 
miR-130a resulted in MDR mRNA inhibition and 
hence help SKOV3 cells overcome cisplatin 

Figure 4. miRs-genes network. The most significantly expression-altered 8 
genes validated by qPCR were respectively applied to miRWalk online software 
to predict the upstream miR targets putatively mediated the gene expression. 
And then the miR targets were done intersection with the expression-altered 
miRs (FDR<10%) determined by microarray. The overlapped miRs were con-
sidered as potential upstream targets and used to construct the miRs-genes 
network with the aid of Cytoscape 2.8 software.

resistance [32]. Increased 
expression of miR-27b 
putatively repressed 
expression of INSG1 and 
FASN, while Pan et al sug-
gested that ectopic expres-
sion of miR-27b sup-
pressed CYP3A4 via 
posttranscriptional and 
transcriptional manner and 
thus led to a lower sensitiv-
ity of PANC1 cells to cyclo-
phosphamide [33]. Up-re-
gulated miR-195 putatively 
inhibited expression of 
FASN, while it showed that 
miRNA-195 sensitizes hu-
man hepatocellular carci-
noma cells to 5-FU by tar-
geting BCL-w [34]. 
Down-regulated miR-214 
putatively mediated the 
increased expression of 
CCL4, while Wang et al 
demonstrated that miR-
214 reduces cell survival 
and enhances cisplatin-
induced cytotoxicity via 
down-regulation of Bcl2l2 
in cervical cancer cells 
[35]. In spite that some of 
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