
Abstract. Background/Aim: Cervical cancer is considered
poorly chemo-sensitive in women and its treatment remains
unsatisfactory. Cyperus rotundus is used in Chinese medicine
as a therapeutic agent for women’s disease. The effects and
molecular mechanisms of the ethanol extraction of 
C. rotundus (CRE) on cervical cancer remain unclear. We
aimed to explore the mechanisms and genetic influence of CRE
on cervical cancer. Materials and Methods: HeLa, human
cervical cancer cells were treated with various doses of CRE
and changes in cell morphology and cell viability were assessed
using microscopy and flow cytometry. Finally, we performed a
microarray analysis to scan related genes. Results: The
treatment of CRE on HeLa cells caused morphological changes
and induced chromatin condensation. DNA microarray analysis
showed that CRE led to up-regulation of 449 genes and down-
regulation of 484 genes, which were classified in several

interaction pathways. Conclusion: CRE changed HeLa cell
morphology and induced gene expression which associated with
apoptosis and cell-cycle arrest. These results provide important
information at the transcription level for targeting treatments
of human cervical cancer.

Cyperus rotundus L. (Cyperaceae) has been extensively used
in traditional medicine in Asia, Africa, and Europe. It is also
known as nutgrass and is cultivated widely in tropical,
subtropical and temperate regions. It is prescribed for
gynecological disorders, including dysmenorrhea and irregular
menstruation, while its rhizomes (rootstalks) have been used as
sedatives and analgesics (1, 2). Recently, many studies have
demonstrated that its rhizomes have a vast range of biological
and pharmacological functions, including anti-oxidant, anti-
inflammatory, anti-diabetic, anti-allergic, anti-nociceptive and
anti-cancer effects (2-4). The active chemical constituents of C.
rotundus are saponins, alkaloids, flavonoids (anthocyanidins,
catechins, flavans, flavones, flavanonols, and isoflavane),
tannins, starch, glycosides, terpenoids, sesquiterpenes, sitosterol,
cyperol, ascorbic acid, polyphenols, and essential oils (α-
longipinane, β-selinene, cyperene, and caryophyl leneoxide) (2,
5, 6). Recently, the C. rotundus rhizome extract exhibited a
protective effect against attenuated peroxynitrite (ONOO-)-
induced neurotoxicity (6) and also prevented DNA damage and
cytotoxicity  through its antioxidant activity in human
neuroblastoma SH-SY5Y cells (7). 

Moreover, the anticancer properties of C. rotundus have been
a focus of research recently. The essential oil isolated from C.
rotundus can suppress cell proliferation and induce apoptotic
DNA fragmentation in murine lymphoblastic leukemia L1210
cells and human chronic myelogenous leukemia K562 cells (4,
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8). The apoptotic activity of the different fractions of 
C. rotundus extract has been examined in the treatment of
MDA-MB-231 breast cancer. The ethanolic/methanolic extracts
display an anti-proliferative activity and induce apoptosis
through increased expression of the death receptor, such as
TNF-α, IFN-γ, and MAPK, while inhibiting the expression of
the anti-apoptotic factor survivin. On the contrary, the water
extract displayed no such properties (2, 9).

Cervical cancer is a major cause of morbidity in women
worldwide, with a poor chemo-sensitivity to therapy (10). The
role of chemotherapy in the treatment of cervical cancer has
mainly been confined to persistent or recurrent cases following
failure of surgery and/or radiotherapy. Cisplatin represents the
cornerstone of chemotherapy for cervical cancer, however, it
has a limited efficacy due to its side-effects and the
development of resistance. The induction of apoptosis has been
shown to be an efficent strategy for identifying potential
therapeutic agents for cancer therapy (11). 

The effects and related molecular mechanism of C.
rotundus extract properties on cervical cancer are not really
understood. Our aim, herein, was to evaluate the anti-cancer
effects of Cyperus rotundus in vitro, including its cytotoxic
effect and how it affects gene expression in HeLa human
cervical cancer cells.  

Materials and Methods

Chemicals and reagents. Cyperus rotundus L. was planted in
Taiwan (Figure 1A) and its rhizomes (Figure 1B) were purchased
from Lian He Pharmacy (Taichung, Taiwan, R.O.C.). Ethanol (95%)
was obtained from Echo Chemical Co. LTD (Taichung, Taiwan).
DMEM medium, fetal bovine serum (FBS), L-glutamine, and
antibiotics (penicillin G and streptomycin) were purchased from
Gibco BRL (Grand Island, NY, USA), DAPI from Molecular Probes
(Eugene, OR, USA), and trypsin and propidium iodide (PI) from
Sigma Chemical Co. (St. Louis, MO, USA). The crude extraction
of Cyperus rotundus L. (CRE) was conducted using 95% Ethanol.

Cell culture. HeLa cells, a well-known human cervical cancer cell
line, was obtained from the Food Industry Research and
Development Institute (Hsinchu, Taiwan, R.O.C.). HeLa cells
were maintained in DMEM medium supplemented with FBS
(10%), L-glutamine (1%), and penicillin G/streptomycin (100
Units/ml/100 μg/ml) and were maintained in a 37˚C incubator
under 5% CO2 and 95% air (12). 

Observation of cell morphology and measurement of cell viability.
HeLa cells (2×105 cells/well) were placed in 12-well plates overnight
and were then treated with: i) 100, ii) 200, iii) 300, iv) 400, and v) 500
μg/ml of CRE for 48 hours. Following treatment, cell morphology was
observed and photographed using a phase contrast microscope (Carl
Zeiss, Axiovert 25, Oberkochen, Germany) at 200× magnification and
cells were detached by trypsin, subsequently wash by PBS (phosphate
buffered saline), and collected in FACS tube. This was followed by PI
staining (5 μg/ml) for cell viability using flow cytometry (Becton-
Dickinson, San Jose, CA, USA) as described previously (13) .

DAPI nuclear staining. The effects of apoptosis, chromatin
condensation and the presence of apoptotic bodies were investigated
using DAPI staining. Following treatment with the aforementioned
concentrations of CRE, HeLa cells were immersed in 4%
paraformaldehyde for 15 min, stained with DAPI (1 μg/ml) for 30
min at room temperature and, then the morphology of nucleus was
visualized and photographed using a fluorescence microscope (Carl
Zeiss, Axiovert 25, Oberkochen, Germany) at 100× magnification.
Cells with condensed, fragmented and degraded nuclei were
recognized as apoptotic cells (14). When cells undergo apoptosis,
there is enhanced fluorescent signals in the nucleus. Ten nuclei of
cells were randomly selected to quantify the fluorescence intensity
of DAPI signals by using the NIH Image J software, version 1.47
(National Institutes of Health, Bethesda, MA, USA). 

Generation of cDNA microarray, hybridization, and scanning for
gene expression in HeLa cells following exposure to CRE. HeLa cells
(6×105 cells/dish) were sub-cultured in 10-cm dish for 24 h. Then
cells were treated with CRE (300 μg/ml) or not (control) for 48 h.
Total RNA was extracted and purified using the Qiagen RNeasy Mini
Kit (Qiagen, Inc, Valencia, CA, USA), according to manufacturer’s
instructions. Subsequently, cDNA was reverse transcribed from
extracted RNA and then fluorescently-labeled for probe preparation.
Fluorescence-labeled cDNAs were probed to their complementary
strands on the chip (Affymetrix GeneChip Human Gene 1.0 ST array,
Affymetrix, Santa Clara, CA, USA) and the hybridization signals
were examined and quantified by Asia BioInnovations Corporation
(Taipei, Taiwan, ROC). Finally, the difference of data was analyzed
using the Expression Console software (Affymetrix) with default
RNA parameters. Genes up- or down-regulated by at least 2-fold in
CRE-treated cells compared to controls were recorded. Data are
representative from three separate assays (15).

Gene ontology analysis. For detecting significantly over-represented
GO (Gene Ontology) biological processes we used DAVID
(Database for Annotation, Visualization and Integrated Discovery),
that provides an overall set of functional annotation tools for
researchers to know biological meaning behind large list of genes.
Enrichment was determined at a calculated Benjamini value of
<0.05. Statistical significance of overexpressed individual genes was
determined using a standard Student’s t-test. 

Statistical analysis. Experimental values are expressed as
mean±standard deviation (SD) from three independent experiments,
each conducted in triplicates. Statistical significance (*p<0.05,
**p<0.01, and ***p<0.001) was assessed using one-way ANOVA
and Tukey multiple comparison test for comparing CRE-treated
groups to the control (16).

Results 

CRE induced cell morphological changes and decreased viable
HeLa cells in vitro. At first, we assessed the cell viability of
HeLa cells following exposure to CRE. As shown in Figure
2A, CRE treatment at high concentrations (200-500 μg/ml)
significantly decreased cell viability and caused morphological
changes in HeLa cells in a concentration-dependent manner
(Figure 2B). CRE-treated cells showed shrunken, deformed,
and small vacuoles appear inside cells. The half-maximal
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inhibitory concentration (IC50) for the 48-h treatment of
CRE in HeLa cells was 300 μg/ml. Therefore, CRE at 300
μg/ml was selected for the following steps of our study. 

CRE induced chromatin condensations of HeLa cells by
DAPI staining. For further verifying whether CRE decreased
the total number of viable HeLa cells through apoptosis, cells
were incubated with different concentrations of CRE for 48
hours, and were stained by DAPI to assess the formation of
chromatin condensation. As shown in Figure  3A and B, the
higher fluorescence intensity (DAPI staining) was the result
of chromatin condensation (15) at much higher levels in
CRE-treated HeLa cells compared to control. Similar to the
effect of CRE in cell viability, the results from this
experiment also indicated that CRE-induced chromatin
condensation occurred at a concentration-dependent manner.

CRE induces up- and down-regulation of gene expression in
HeLa cells. The results from the cDNA microarray analysis,
regarding apoptosis, are shown in Tables I and II.
Quantification and data filtration revealed 33297 native
features in our dataset; however, after collapsing features
into gene symbols, only 20,693 features remained. The genes
included in the CRE-treated group were 10,616 with a
correlation area 53.5% while the control group was 10,077
with a correlation area 46.5%. That indicates the gene
expression in CRE-treated and control groups were different.
Furthermore, the differences of gene expression between
these two groups were compared in the HeLa cell. Table I
shows 11 genes exhibiting >10-fold change and 8 genes with
a >5-fold change. This list includes: i) DDIT3 and
GADD45A that are genes associated with DNA damage (17),
ii) CDKN1A and CDKN2B that are genes associated with the
cell cycle (18, 19), iii) NCF2, ATP6V0D2, HMOX1, ATF3,
and CGRRF1 genes, related to cell survival (20,21), and iv)
TNFRSF21, TRAF1, IL6, and ATG13 genes, related to cell
apoptosis (22-24). Table II shows genes that were
downregulated. This includes the DDIAS gene, linked to
DNA damage (25), while some genes, such as CDK1, CCNF,
CDCA2, CCNA2, CDCA3, GTSE1, CCNE2, CDC20, and
CDK2, which are associated with cell cycle (26, 27).

Table III indicates the gene ontology categories of
biological processes, cellular component, and molecular
function. There are 125 genes related to cell cycle and 184
genes related to the function of an intracellular non-
membrane-bound organelle. Molecular function describes
activities, such as catalytic reaction or binding that occurs at
a molecular level. The nucleotide or nucleoside binding had
the deepest impact on the gene expression of CRE-treated
cells. According to the results of the BIOCARTA pathway
analysis shown in Table IV, the differentially expressed
genes in CRE-treated HeLa cells were related to cell cycle
and cancer pathways. 

The cDNA microarray analysis of CRE-treated or
untreated cells revealed the results of top, second and third
scores, as shown in Figures 4-6, respectively. The analysis
results are mapped on the processes presenting possible
signal effects. Genes marked red are upregulated while blue-
marked genes are downregulated. Circles of different
intensities display different enhancement or suppression of
genes in CRE-treated HeLa cells compared to control cells.
Especially, some genes show up- and down-regulation to
associate with apoptosis of cancer cells. NFATC2 controls
melanoma dedifferentiation by inducing expression in
carcinoma cells of membrane-bound tumor necrosis factor-
α (mTNF-α), while melanoma-expressed TNF-α regulates
a c-myc-Brn2 axis.(28). JOSD1 depletion can lead to severe
apoptosis in gynaecological cancer cells both in vivo and in
vitro (29). The PTGS2 gene, which encodes cyclooxygenase
2 (COX-2), is deregulated in endometriotic lesions and
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Figure 1. The wild plant (A) and the dried rhizome (B) of Cyperus
rotundus.



plays an important role in the acquisition of oocyte
competence (30). IRAK is responsible for the regulation of
microbial colonization of tumors and STAT3 protein
stability in tumor cells, leading to tumor cell proliferation
(31). Ectopic expression of MDA-5 has been shown to
induce carcinoma cell death, and then intentionally targeting
the evolutionarily keep MDA-5-IPS-1 antiviral pathway in
tumors can cause parallel tumoricidal effect that creates a
bridge between innate and adaptive immune responses for
the therapeutic treatment of cancer (32). These three maps
show proteins and genes that are part of pro-apoptotic
pathways in cancer cells.

Discussion

C. rotundus is used as a gynecological medicine in Chinese
medicine. Many ancient books, such as Jingui Yaolue, Yizong
Jinjian, Shanghan Lun, etc., have recorded a therapeutic formula
containing C. rotundus (33). We attempted to provide some
scientific explanations with regards to this traditional treatment.
In this study, we evaluated the effects of CRE on apoptotic cell
death and associated gene expression of HeLa human cervical
cancer cells. CRE induced cell morphological changes and
reduced the total number of viable cells in a dose-dependent
manner. Following treatment with various doses of CRE, HeLa
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Figure 2. CRE induced cell morphological changes and decreased the total number of viable HeLa cells. Morphology changes of HeLa cells rounding
up and condensing (red arrows) were observed and photographed under a phase contrast microscope at 200× magnification (A). All  cells were
stained by propidium iodide (PI) and the percentage of viable cells was calculated (B) following treatment with different concentrations of CRE
(100, 200, 300, 400, and 500 μg/ml) for 48 hours. 



cells were characterized by chromatin condensation measured
by DAPI staining. Chromatin condensation has been recognized
to be a marker of cell death (34). To investigate whether CRE
induced cytotoxic effects and cell death by regulating the
expression of apoptosis-associated genes in HeLa cells, we used
cDNA microarray assay. 

CRE treatment promoted the expression of certain genes
associated with DNA damage and cell growth arrest, such
as DDIT3 and GADD45A (35, 36). Also affected by CRE,
the NCF2 gene, which encodes for the neutrophil cytosolic
factor 2, is the 67-kDa cytosolic subunit of the multi-protein
NADPH oxidase complex and a novel p53-targeted gene
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Figure 3. CRE-induced chromatin condensation in HeLa cells. The HeLa human cervical carcinoma cells were incubated with various concentrations
of CRE (100, 200, 300, 400, and 500 μg/ml) for 48 hours and chromatin condensation (apoptosis) was determined by DAPI staining (A, yellow
arrows). The relative fluorescence intensity of CRE-treated cells was calculated (B). *p<0.05 shows the significant difference between CRE-treated
groups and the control, as analyzed by a Student t-test.



(21). Reactive oxygen species (ROS) are a by-product of
normal oxygen metabolism and play a large role in cell
signaling, while maintaining body contingency. However,
the amount of ROS can increase dramatically under the

influence of time and stress from the external environment,
for example, UV or heat exposure, and may have an
important role in regulating signal transduction pathways
(37). The cause of change in NCF2 expression may be due
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Table I. Up-regulated genes expressions following CRE treatment of HeLa cells.

Gene symbol            Gene description                                                                                                        Fold change          p-Value          *FDR p-Value

NCF2                       Neutrophil cytosolic factor 2                                                                                           64.12             0.0005                   0.0105
ATP6V0D2              ATPase, H+ transporting, lysosomal 38kDa, V0 subunit d2                                         43.54             0.0001                   0.0047
GDF15                     Growth differentiation factor 15                                                                                     40.39             2.86×10–8             5.84×10–5
CCL5                       Chemokine (C-C motif) ligand 5                                                                                    32.17             0.0471                   0.1672
IFI44                        Interferon-induced protein 44                                                                                          23.49             0.0006                   0.0119
IFIT2                       Interferon-induced protein with tetratricopeptide repeats 2                                          22.23             1.82×10–5             0.0017
HMOX1                   Heme Oxygenase 1                                                                                                          21.27             0.0005                   0.0005
DDIT3                     DNA-damage-inducible transcript 3                                                                               17.22             2.00×10–6             0.0005
DDX58                    DEAD (Asp-Glu-Ala-Asp) box polypeptide 58                                                             14.92             0.0002                   0.0057
RSAD2                    Radical S-adenosyl methionine domain containing 2                                                    13.56             0.0005                   0.0005
CDKN1A                 Cyclin-dependent kinase inhibitor 1A (p21, Cip1)                                                        10.52             3.49×10–6             0.0007
IFIT1                        Interferon-induced protein with tetratricopeptide repeats 1                                            8.57             6.13×10–5             0.0032
GADD45A               Growth arrest and DNA-damage-inducible, alpha                                                           7.15             1.95×10–5             0.0017
TNFRSF9                 Tumor necrosis factor receptor superfamily, member 9                                                  6.79             0.0393                   0.1474
CYP1B1                   Cytochrome P450, family 1, cubfamily B, polypeptide 1                                               6/04            8.13×10–5             0.0038
                                 Intereron induced, with helicase C domain 1                                                                   5.89             0.0008                   0.0139
CD48                        CD68 moleule                                                                                                                    5.41             0.0006                   0.011
PDCD1LG2             Programmed cell death 1 ligand 2                                                                                    5.22             0.0006                   0.0112
SOD2                        Superoxide dismutase 2, mitochondrial                                                                            5.14             0.0291                   0.1212
MIR22HG                MIR22 host gene; microRNA 22                                                                                      4.88             0.1573                   0.1573
CASP4                      Caspase 4                                                                                                                            4.72             0.1573                   0.1573
IL24                          Interleukin 24                                                                                                                     4.58             2.14×10–5             0.0018
ANXA3                    Annexin A3                                                                                                                        4.39             1.98×10–6             0.0005
ATF3                         Activating transcription factor 3                                                                                       4.15             0.0002                   0.0062
CRLF2                      Cytokine receptor-like factor 2                                                                                         3.92             3.98×10–5             0.0056
ERRFI1                    ERBB receptor feedback inhibitor 1                                                                                 3.65             1.24×10–5             0.0014
CYP1A1                   Cytochrome P450, family 1, subfamily A, polypeptide 1                                               3.55             2.32×10–6             0.0023
CCPG1                     Cell cycle progression 1; DYX1C1-CCPG1 readthrough (NMD candidate)                 3.36             1.83×10–6             0.0005
C6orf48                    Chromosome 6 open reading frame 48                                                                             3.32             0.0007                   0.012
BCL2L1                   BCL2-like 1                                                                                                                        3.24             0.0002                   0.0065
CDKN2B                  Cyclin-dependent kinase inhibitor 2B (p15, inhibits CDK4)                                          3.21             0.0002                   0.0069
TP53INP1                Tumor protein p53 inducible nuclear protein 1                                                                2.96             0.0002                   0.0067
ID1                           Inhibitor of DNA binding 1, dominant negative helix-loop-helix protein                      2.84             0.0086                   0.0554
TNFRSF10B            Tumor necrosis factor receptor superfamily, member 10b                                              2.73             0.0231                   0.0231
CARD16                  Caspase recruitment domain family, member 16; caspase 1                                           2.71             0.0054                   0.0076
HERPUD1               Homocysteine-inducible, endoplasmic reticulum stress-inducible,                                2.58             0.0044                   0.0044
                                 ubiquitin-like domain member 1
BTG1                        B-cell translocation gene 1, anti-proliferative                                                                  2.56             0.0002                   0.0019
RND1                       Rho family GTPase 1                                                                                                        2.54             0.0097                   0.0597
IRAK2                      Interleukin 1 receptor associated kinase 2                                                                        2.49             0.0003                   0.0086
MIR222                    microRNA 222                                                                                                                   2.39             0.0004                   0.0098
RRAGC                    Ras-regulation GTP binding C                                                                                          2.33             0.0031                   0.0294
TNFRSF21               Tumor necrosis factor receptor superfamily, member 21                                                2.3               0.0045                   0.0022
TRAF1                     TNF receptor-associated factor 1                                                                                      2.24             2.98×10–5             0.0034
IL7R                         Interleukin 7 receptor                                                                                                         2.21             1.86×10–6             0.0005
CGRRF1                  Cell growth regulator with ring domain 1                                                                        2.2               3.76×10–6             0.0006
C21orf91                  Chromosome 21 open reading frame 91                                                                           2.19             0.0014                   0.0182
GRB10                     Growth factor receptor bound protein 10                                                                         2.13             0.002                     0.0233
TNFAIP3                  Tumor necrosis factor, alpha-induced protein 3                                                               2.09             0.0076                   0.0511
IL6                            Interleukin 6                                                                                                                       2.08             3.65×10–5             0.0022
ATG13                      Autophagy related 13                                                                                                         2.07             0.0005                   0.0108
GADD45B               Growth arrest and DNA-damage-inducible, beta                                                             2.03             0.0031                   0.0294

*FDR means false discovery rate.



to significant damage caused to a cellular structure. p53 and
its family members could act as upstream regulators of ROS
by transcriptionally modulating genes related to cellular
redox state and leading to cell death (38, 39). The
expression of the NCF2 gene represents the highest fold
change following CRE treatment of HeLa cells. Additional

ROS-related genes, such as SOD2 and TP53INP1, were also
up-regulated in this study. 

Importantly, CRE treatment induced cell-cycle arrest in
HeLa cells. CRE-treated HeLa cell increased p21 and p15
expression by a 10.52- and 3.21-fold, respectively. These two
cyclin-dependent kinase inhibitors (CDKIs), p21 and p15,
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Table II. Down-regulation of gene expressions in CRE-treated HeLa cells.

Gene symbol            Gene description                                                                                                        Fold change          p-Value          *FDR p-Value

MGP                        Matrix Gla protein                                                                                                         –14.14             0.0035                   0.0316
HPD                         4-Hydroxyphenylpyruvate dioxygenase                                                                         –9.65             0.0006                   0.0113
CACNB2                 Calcium channel, voltage-dependent, beta 2 subunit                                                     –9.18             5.37×10–5             0.003
LINC00052             Long intergenic non-protein coding RNA 52                                                                 –8.98             4.35×10–5             0.0028
KIAA0825               KIAA0825                                                                                                                        –8.11             0.0006                   0.0111
HIST1H1B              Histone cluster 1, H1b                                                                                                     –8.02             0.0171                   0.086
FAM111B                Family with sequence similarity 111, member B                                                           –7.65             0.0008                   0.0132
CPA4                       Carboxypeptidase A4                                                                                                       –7.61             8.80×10–7             0.0004
SLF1                        SMC5-SMC6 complex localization factor 1                                                                  –7.18             0.0002                   0.0067
SLC12A3                 Solute carrier family 12 (sodium/chloride transporter), member 3                              –6.53             0.0084                   0.0544
CDK1                       Cyclin-dependent kinase 1                                                                                              –4.63             0.0145                   0.0774
MKI67                      Ki-67 (marker of proliferation)                                                                                       –4.22             0.0032                   0.0302
CASC5                     Cancer susceptibility candidate 5                                                                                    –4.17             0.0002                   0.0058
CD24                        CD24 molecule                                                                                                                –3.57             6.94×10–5             0.0034
CCNF                       Cyclin F                                                                                                                            –3.42             0.0004                   0.0091
CDCA2                    Cell division cycle associated 2                                                                                      –3.29             0.0008                   0.0131
CCNA2                    Cyclin A2                                                                                                                         –3.25             2.27×10–5             0.0019
CDCA3                    Cell division cycle associated 3                                                                                      –3.24             0.0081                   0.0534
POLQ                       Polymerase (DNA directed), theta                                                                                  –3.2               0.0029                   0.0283
MITF                        Microphthalmia-associated transcription factor                                                             –3.19             0.0005                   0.0109
CCNB1                     Cyclin B1                                                                                                                         –3.17             0.0073                   0.0498
GTSE1                      G2 and S phase expressed 1; tRNA 5-methylaminomethyl-                                         –3.06             0.0022                   0.024
                                 2-thiouridylate methyltransferase
CDC45                     Cell division cycle 45                                                                                                      –2.99             0.0063                   0.0453
MARC1                    Mitochondrial amidoxime reducing component 1                                                         –2.91             0.0014                   0.0182
HIST1H2AJ             Histone cluster 1, H2aj                                                                                                    –2.85             0.0021                   0.0238
HIST1H2AB            Histone cluster 1, H2ab                                                                                                   –2.8               3.06×10–5             0.0023
CCNE2                     Cyclin E2                                                                                                                          –2.74             0.0009                   0.0145
HIST1H3D               Histone cluster 1, H3d; Histone cluster 1, H2ad                                                           –2.66             0.0003                   0.0072
DNA2                       DNA replication helicase/nuclease 2                                                                              –2.59             1.14×10–5             0.0013
CDCA8                    Cell division cycle associated 8                                                                                      –2.52             0.0063                   0.0452
CDC25A                  Cell division cycle associated 5                                                                                      –2.47             3.78×10–5             0.0025
PCNA                       Proliferating cell nuclear antigen                                                                                    –2.4               0.0011                   0.0163
CRACR2A               Calcium release activated channel regulator 2A                                                            –2.31             4.16×10–6             0.0008
MPHOSPH9             M-phase phosphoprotein 9                                                                                              –2.28             4.47×10–5             0.0028
CDC20                     Cell division cycle 20                                                                                                      –2.28             0.0272                   0.1158
DDIAS                     DNA damage-induced apoptosis suppressor                                                                  –2.24             2.31×10–5             0.0019
RERG                       RAS-like, estrogen-regulated, growth inhibitor                                                             –2.22             0.0389                   0.2545
SKP2                        S-phase kinase-associated protein 2, E3 ubiquitin protein ligase                                 –2.15             0.0002                   0.0069
BAG1                       BCL2-associated athanogene                                                                                          –2.14             0.0045                   0.0388
MTFR2                     Mitochondrial fission regulator 2                                                                                    –2.13             0.0004                   0.0078
CDK2                       Cyclin-dependent kinase 2                                                                                              –2.11             0.0308                   0.1259
WEE1                       WEE1 G2 checkpoint kinase                                                                                           –2.08             0.0005                   0.0107
ATP5EP2                  ATP synthase, H+ transporting, mitochondrial F1 complex                                          –2.06             0.0005                   0.0208
IL17RB                    Interleukin 17 receptor B                                                                                                 –2.05             0.0035                   0.0467
HIST1H2AE            Histone cluster 1, H2ae                                                                                                   –2.05             0.0056                   0.0670
CDKN3                    Cyclin-dependent kinase inhibitor 3                                                                               –2.04             0.0002                   0.0065
TGFB3                     Transforming growth factor beta 3                                                                                 –2.04             0.0045                   0.0369

*FDR means false discovery rate.



are proteins that bind to and inhibit the activity of CDKs and
resulted in suppressed cell growth (40, 41). 

Interestingly, two microRNA molecules, MIR22HG and
MIR222, were up-regulated by 4.88- and 2.39-fold,
respectively. Non-coding RNAs (lncRNAs and microRNAs)
are non-protein-coding transcripts involved in various
biological functions (42). MIR22HG, the host gene for miR-
22, has been shown to be upregulated in response to chemical
stresses or hypoxia (43-45). The other microRNA, miR-222,
plays multiple roles in promoting cell proliferation, invasion,
migration, and decreases cell apoptosis, while enhancing the
sorafenib resistance of HCC cells by activating the PI3K/AKT
signaling pathway (46). In addition, the literature has reported
that miR-221/miR-222 expression can also regulate post-

transcriptionally the expression of p27Kip1 and affect the
proliferation of cancer cells (47, 48). Despite this data, the
molecular mechanism of miR-222 concerning CRE treatment
of HeLa cells is waiting for further clarification in the future.

Treatment with CRE also inhibited ertain gene expression
profiles, such as cell cycle-associated genes CDK1 (cyclin-
dependent kinase 1), WEE1 (WEE1 G2 checkpoint kinase),
and CDC25A (cell division cycle associated 5). There are
literature reports showing poor prognosis for gastric cancer
patients with overexpressed carboxypeptidase A4 (CPA4), a
zinc-containing exopeptidase (49). In this study, elevated
CPA4 expression was detected in more than 50% of primary
gastric cancer cases but it was weak or absent from the
normal mucosa. Clinical relevance analysis has shown that
CPA4 is significantly associated with tumor growth, stage,
lymph node metastasis, invasion and distal metastasis. In
another study, CPA4 was associated with prostate cancer
aggressiveness, histone hyperacetylation pathway, and
possibly the modulation of growth-affected peptides’
function and the regulation of prostate epithelial cells (50).
Our results showed that CRE-treated HeLa cells decreased
CPA4 gene expression by 7.61-fold, which we believe
provide the first report concerning the expression of CPA4
in HeLa cells. 

Gene expression changes in CRE-treated HeLa cells were
classified into: i) biological processes, ii) cellular components,
and iii) molecular functions. Results showed that cell cycle and
related processes, intracellular non-membrane-bounded
organelles, and nucleoside-binding genes were associated with
the CRE treatment in HeLa cells. Furthermore, the
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Table III. Gene ontology categories of biological processes, cellular
component and molecular function.

Gene ontology categories                           Total       %            p-Value
                                                                    genes

Biological process                                                                     
  Cell cycle phase                                        94       10.59       1.42×10–38
  M phase                                                     84         9.47       1.99×10–38
  M phase of mitotic cell cycle                   68         7.66       4.53×10–36
  Mitosis                                                       67         7.55       1.25×10–35
  Nuclear division                                        67         7.55       1.25×10–35
  Cell cycle                                                 125       14.09       1.94×10–35
  Organelle fission                                       68         7.66       2.09×10–35
  Cell cycle process                                   105       11.83       5.17×10–35
  Mitotic cell cycle                                      82         9.24       9.81×10–33
  Cell division                                              63         7.10       3.55×10–24
Cellular component                                                                   
  Chromosomal part                                     69         7.77       1.58×10–23
  Chromosome                                             75         8.45       4.55×10–23
  Spindle                                                       41         4.62       2.63×10–21
  Condensed chromosome                           38         4.28       1.17×10–20
  Chromosome, centromeric region            34         3.83       1.79×10–17
  Condensed chromosome, 
  centromeric region                                   24         2.70       2.40×10–15
  Microtubule cytoskeleton                         67         7.55       5.56×10–14
  Condensed chromosome kinetochore      21         2.36       2.02×10–13
  Intracellular non-membrane-
  bounded organelle                                  184       20.74       2.06×10–12
  Non-membrane-bounded organelle        184       20.74       2.06×10–12
  Microtubule cytoskeleton                         67         7.55       5.56×10–14
Molecular function                                                                    
  ATP binding                                            102       11.49       1.12×10–5
  Nucleoside binding                                 109       12.28       1.30×10–5
  Purine nucleoside binding                      108       12.17       1.57×10–5
  Adenyl ribonucleotide binding               102       11.49       1.96×10–5
  Adenyl nucleotide binding                     106       11.95       2.26×10–5
  Microtubule motor activity                       13         1.46       1.62×10–4
  Ribonucleotide binding                           115       12.96       1.92×10–4
  Purine ribonucleotide binding                115       12.96       1.92×10–4
  Purine nucleotide binding                       119       13.41       2.07×10–4
  Nucleotide binding                                  135       15.21       2.71×10–4

Table IV. BIOCARTA pathway analysis of the differentially expressed
genes in CRE-treated HeLa cells.

Term                                                                    Count              p-Value

G1/S cell cycle check point                                  7                 0.014
G2/M cell cycle check point                                 6                 0.02
p53 signaling pathway                                          5                 0.028
Role of Ran in mitotic spindle regulation            4                 0.048
ATM signaling pathway                                        5                 0.049
Low-Density Lipoprotein (LDL) 
pathway during atherogenesis                             3                 0.063

Caspase cascade in apoptosis                               5                 0.087 
Cyclins and cell cycle regulation                         5                 0.098
Cell cycle                                                             28                 2.75×10–10
p53 signaling pathway                                        16                 2.24×10–6
Oocyte meiosis                                                    17                 2.40×10–4
DNA replication                                                    8                 0.002
Pyrimidine metabolism                                       13                 0.004
Lysosome                                                             14                 0.009
Systemic lupus erythematosus                            12                 0.017
Pathways in cancer                                              28                 0.017
Tryptophan metabolism                                         7                 0.019



BIOCARTA pathway analysis indicated that CRE treatment
affected the G1/S and G2/M cell-cycle check point, p53 and
ATM signaling pathways, as well as the caspase cascade in
HeLa cells.

In summary, CRE decreased HeLa cell viability and
induced chromatin condensation. The affected gene
expression in CRE-treated HeLa cells were analyzed using
cDNA microarray analysis, which provided complete
information on the genes and pathways targeted by CRE in
HeLa cells following 48 h of treatment. From these

observations, we have illustrated the possible signal
transduction pathways involved with the affected genes
following CRE-treatment. Future investigations are needed
to extend our new findings and obtain experimental evidence
concerning the molecular mechanism of the identified targets
following CRE treatment in cervical cancer. 
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Figure 4. The top scored network from CRE IC50 and control samples. Thick cyan lines indicate the fragments of canonical pathways. Up-regulated
genes are marked with red circles; down-regulated with blue circles. 
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Figure 5. The second scored network from CRE IC50 and control sample. Thick cyan lines indicate the fragments of canonical pathways. 
Up-regulated genes are marked with red circles; down-regulated with blue circles. 
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Figure 6. The third scored network from CRE IC50 and control sample. Thick cyan lines indicate the fragments of canonical pathways. Up-regulated
genes are marked with red circles; down-regulated with blue circles. 
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