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Abstract. Cytostatic antineoplastic drugs are considered
carcinogenic and mutagenic risk factors for health workers
who are occupationally exposed to them; however, the
molecular mechanisms underlying these effects remain to be
elucidated. Therefore, the present study aimed to investigate
the underlying mechanisms of antineoplastic drugs-induced
apoptosis of peripheral blood lymphocytes (PBLs) obtained
from oncology nurses handling antineoplastic drugs. A
microRNA (miRNA/miR) polymerase chain reaction (PCR)
array was performed to analyze the expression levels of
miRNAs in the PBLs from 3 trained nurses occupationally
exposed to antineoplastic drugs. The effects of miR-34a on
cell proliferation and apoptosis in temozolomide (TMZ)
treated PBLs were analyzed by cell counting kit-8 and flow
cytometry assays. The protein expression levels of B-cell
lymphoma 2 (Bcl-2), Bel-2-associated X protein, caspase-3
and caspase-9 were determined by western blot analysis, and
miR-34a expression levels were detected using quantitative
reverse transcription-PCR. The results of the present study
demonstrated that miR-34a was significantly upregulated
in oncology nurses that were occupationally exposed to
antineoplastic drugs. In addition, TMZ suppressed cell prolif-
eration and induced apoptosis, by promoting the expression of
miR-34a, in a dose-dependent manner, and also inhibited the
expression of Bcl-2. Furthermore, knockdown of miR-34a was
able to reverse the reduction of cell proliferation and promo-
tion of apoptosis induced by TMZ in PBLs. Together, these
results indicated that abnormal expression of miR-34a may
be considered a diagnostic marker in nurses occupationally
exposed to antineoplastic drugs.
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Introduction

Chemotherapy is one of the main clinical therapeutic
strategies used to treat tumors; however, antitumor drugs
not only target tumor cells, but also affect normal cells.
Antineoplastic drugs are known to be carcinogenic, tera-
togenic and mutagenic to humans, which may lead to
mutation, cancer and deformity (1,2). Increasing evidence
has suggested that the use of antineoplastic drugs has led to
anxiety regarding the possible hazards to staff and workers
involved in the preparation, administration and production
of cytotoxic agents (3-5). However, the underlying molecular
mechanisms of antineoplastic drugs-induced cytotoxicity
remain unclear.

MicroRNAs (miRNAs/miRs) are a class of endogenous
small non-coding RNAs, 19-25 nt in length, which act as
post-transcriptional gene regulators by binding to a target
site in the 3'-untranslated region of mRNAs (6). It has previ-
ously been demonstrated that alterations in miRNAs may be
induced in response to environmental agents and pollutants,
which may lead to various health-associated problems (7).
Previous studies have indicated that some chemicals, including
polycyclic aromatic hydrocarbons, aldehydes and endocrine
disruptors, are able to alter in vitrro miRNA expression (8-10).
However, whether miRNAs participate in the toxic effects of
antineoplastic drugs in nurses that are occupationally exposed
to them remains largely unknown.

Glioma, which has an incidence rate of 5 per 100,000
individuals, is one of the most life-threatening malignant
diseases (11). Glioma is difficult to resect due to the infiltrative
nature of the tumor, and these tumors almost invariably recur,
rapidly leading to mortality (12). Surgical resection alone
is inadequate; therefore, effective antineoplastic drugs are
required. Temozolomide (TMZ) is a novel imidazotetrazine
drug, which has demonstrated efficacy for patients with recur-
rent glioma (13). However, limited studies have focused on the
toxic effects and underlying mechanisms of TMZ in nurses
occupationally exposed to this drug.

The primary aim of the present study was to elucidate
the toxic effects and underlying molecular mechanisms of
TMZ-induced apoptosis in nurses. Considering the important
roles of miR-34a and apoptosis in glioma (14,15), the present
study investigated whether miR-34a may contribute to the
toxic effects of TMZ. To the best of our knowledge, the present
study is the first to demonstrate that miRNA expression profiles
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may provide molecular biomarkers in nurses occupationally
exposed to TMZ.

Materials and methods

Subjects and drugs. The present study recruited 20 female
nurses who regularly handled antineoplastic drugs (age
35.3+9.2 years) from The Workers' Hospital of Tangshan City
(Tangshan, China) (oncology nurses), and 20 female subjects
(age, 33.6+6.2 years) from the administrative department at
the same hospital, who had no occupational contact with anti-
neoplastic drugs (control nurses). TMZ was purchased from
Hangzhou Hesu Chemical Technology Co., Ltd. (Hangzhou,
China).

The present study was approved by the Medical Ethics
Committee of the Workers' Hospital of Tangshan City (permit
no. CMUG6206-3008). The need for written consent was
deemed unnecessary and was waived by the Institutional
Ethics Review Board of The Workers' Hospital of Tangshan
City. Participation was voluntary, and all participants received
detailed information concerning the aims of the research.

Sample collection. All subjects recruited to the present study
provided a single blood sample. Venous blood samples (~5 ml)
were drawn from each subject into heparinized tubes. Samples
were coded and processed within 2 h. Subsequently, lympho-
cytes were isolated and washed.

Cell culture, treatment and transfection. Peripheral blood
lymphocytes (PBLs) derived from whole blood of oncology
nurses and control nurses by Ficoll gradient centrifugation
(400 x g for 20 min at room temperature) were cultured for 48 h
at 37°C in RPMI-1640 (Hyclone; GE Healthcare Life Sciences,
Logan, UT, USA) medium containing 20% heat-inactivated
fetal bovine serum (Hyclone; GE Healthcare Life Sciences),
1% L-glutamine and antibiotics (100 TU/ml penicillin and
100 pg/ml streptomycin). For TMZ treatment, different or
indicated doses of TMZ were added to overnight-cultured
cells for the indicated times.

For transfection experiments, miR-34a mimics (5'-ACC
GUCACAGAAUCGACCAACA-3") and inhibitor (5'-ACA
ACCAGCUAAGACACUGCCA-3"), alongside their relative
negative controls (NC) (5'-UUCUCCGAACGUGUCACG
UTT-3"), were obtained from Shanghai GenePharma Co., Ltd.
(Shanghai, China). PBLs were plated in 6-well culture plates
at a density of 1x10° cells/well and were transfected following
24 h incubation. The miR-34a mimics, mimics control,
miR-34a inhibitor and inhibitor control were transfected into
the PBLs using Lipofectamine® 2000 (Invitrogen; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) in Opti-MEM
medium (Gibco; Thermo Fisher Scientific, Inc.) according to
the manufacturer's protocol.

Cancer miRNA polymerase chain reaction (PCR) array.
The expression profile of 88 cancer-associated miRNAs
was determined using a 96-well cancer RT? miRNA PCR
array, purchased from SABiosciences (Frederick, MD,
USA). Briefly, peripheral blood samples were randomly
obtained from 3 oncology nurses and 3 control nurses (all
nurses mentioned in the ‘subjects and drugs’ subsection).
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Total RNA from PBLs was extracted using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific, Inc.) and was
reverse transcribed using the RT> miRNA First Strand kit
(SABiosciences) according to the manufacturer's protocol.
The resulting cDNA was then diluted, mixed with 2X RT?
SYBR-Green PCR Master Mix (SABiosciences), and loaded
into the wells of a PCR array plate for PCR amplification and
detection. Data analysis was performed using the web-based
software package (http://pcrdataanalysis.sabiosciences.
com/mirna/arrayanalysis.php) for the miRNA PCR array
system.

Reverse transcription-quantitative PCR (RT-gPCR). To
validate the microarray results, six differentially expressed
miRNAs-(upregulated: miR-34a, miR-143 and miR-125b;
downregulated: miR-32, miR-100 and let-7a) were analyzed
using RT-qPCR. Total RNA was isolated from cultured PBLs
using TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.)
and RNA was treated with RNase-free DNase I, and 3 ug
of total RNA was subjected to cDNA synthesis. First-strand
cDNA was generated using the PrimeScript RT reagent kit
(Takara Biotechnology Co., Ltd., Dalian, China). The reaction
condition was as follows: Pre-denaturation at 95°C for 30 sec,
denaturation at 95°C for 10 sec, annealing at 60°C for 20 sec,
extension at 70°C for 20 sec, 40 cycles in total. The detection
was done using SYBR Green PCR MasterMix (Qiagen, Inc.,
Valencia, CA, USA) in an Applied Biosystems 7500 instru-
ment (Applied Biosystems; Thermo Fisher Scientific, Inc.). U6
was used as the internal reference of miR-34a. Relative quan-
tification was conducted using the 2-22%4 method (16). Each
experiment was repeated for 3 times. The primer sequences
used were as follows: miR-34a, forward 5'-CGTCACTCT
AGGCTTGGA-3, reverse 5'-CATTGGTGCTTGTCT-3"; and
U6, forward 5-CTCGCTTCGGCAGCACA-3' and reverse
5-AACGCTTCACGAATTTGCGT-3".

Cell proliferation assay. Cell proliferation was evaluated
using the Cell Counting Kit (CCK)-8 (Beyotime Institute of
Biotechnology, Haimen, China) according to the manufactur-
er's protocol. Briefly, PBLs were seeded in 96-well plates at a
density of 1x10* cells/well for 24 h at 37°C. miR-34a inhibitor
and miR-NC were pretreated for 1 h and TMZ was then
added to overnight-cultured cells for another 24, 36 and 48 h.
Subsequently, 10 ul CCK-8 solution was added to the culture
medium, and incubated for 2 h. Absorbance was measured at a
wavelength of 450 nm with a reference wavelength of 570 nm.

Apoptosis assay. PBLs were seeded in 6-well plates at a
density of 1x10° cells/well for 24 h at 37°C. miR-34a inhibitor
or miR-NC were pretreated for 1 h and TMZ was then added
to overnight-cultured cells for another 24 h. Subsequently,
apoptosis was detected by flow cytometry (FCM) using an
Annexin V/fluorescein isothiocyanate (FITC) and propidium
iodide (PI) apoptosis detection kit (BD Biosciences, Franklin
Lakes, NJ, USA) following transfection. Briefly, adherent cells
were harvested and suspended in Annexin-binding buffer
(1x109 cells/ml). Subsequently, cells were incubated with
Annexin V-FITC and PI for 15 min at room temperature in
the dark and were immediately analyzed by a FACS Aria flow
cytometry (BD Biosciences, San Jose, CA, USA).
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Figure 1. Differential expression of miRNAs between oncology nurses and control nurses. (A) Differential expression of miRNAs between oncology nurses
and control nurses, as determined using a microRNA PCR array. (B) Differential expression of 6 miRNAs was verified in 3 paired samples using RT-qPCR.
“P<0.01 vs. control nurses. (C) RT-qPCR analysis of miR-34a expression in 20 paired samples. P<0.01 compared with the normal group, as determined
by Student's t-test. Data are presented as the mean =+ standard deviation. miR/miRNA, microRNA; PCR, polymerase chain reaction; RT-qPCR, reverse

transcription-quantitative PCR.

Western blot analysis. Total proteins were extracted from
PBLs following transfection of miR-34a inhibitor combined
with TMZ treatment using radioimmunoprecipitation assay
lysis buffer (Sigma-Aldrich; Merck KGaA, Darmstadt,
Germany) and protein concentration was quantified using
a bicinchoninic acid protein assay kit (Thermo Fisher
Scientific, Inc.). Whole protein extracts were separated by
10% SDS-PAGE and were electrotransferred onto polyvi-
nylidene fluoride membranes (EMD Millipore, Billerica,
MA, USA), which were then blocked in 5% non-fat dry milk
in Tris-buffered saline containing Tween (pH 7.5; 100 mM
NaCl, 50 mM Tris and 0.1% Tween-20). The membranes
were immunoblotted with specific primary antibodies
against caspase-3 (cat. no. sc-7272; 1:1,000), caspase-9 (cat.
no. sc-56073; 1:1,000), B-cell lymphoma 2 (Bcl-2)-associated
X protein (Bax) (cat. no. sc-70407; 1:1,500) and Bcl-2 (cat.
no. sc-56015; 1:1,000; all Santa Cruz Biotechnology, Inc.,
Dallas, TX, USA) at 4°C overnight, followed by horseradish
peroxidase-labeled secondary antibody (cat. no. sc-2355;
1:1,000; Santa Cruz Biotechnology, Inc.) for 1 h at room
temperature. The blots were visualized by chemilumines-
cence (EMD Millipore, Billerica, MA, USA). Anti-f3-actin
(Rabbit polyclonal; ab8227; 1:1,000; Abcam, Cambridge,
MA, USA) was used as a protein-loading control. Protein
band intensity was semi-quantified using Quantity One Basic

software version 4.5.0 (Bio-Rad Laboratories, Inc., Hercules,
CA, USA).

Statistical analysis. Statistical analyses were performed with
SPSS software version 13.0 (SPSS, Inc., Chicago, IL, USA).
Data are expressed as the mean + standard deviation of 3
independent experiments. One-way analysis of variance or
two-tailed Student's t-test was used for comparisons between
groups. P<0.05 was considered to indicate a statistically
significant difference.

Results

miRNA expression profile in PBLs from oncology and control
nurses. The miRNA PCR array exhibited systematic variations
in miRNA expression in PBLs from oncology nurses (Fig. 1A).
To validate the microarray analysis findings, 6 miRNAs were
selected from the identified differential miRNAs and their
expression was analyzed using RT-qPCR in the 20 paired
samples. The results confirmed that miR-34a, miR-143 and
miR-125b were overexpressed in samples from oncology
nurses, whereas the expression levels of miR-32, miR-100 and
let-7a were decreased (Fig. 1B). Therefore, these findings indi-
cated that a set of miRNAs is frequently aberrantly expressed
in PBLs from oncology nurses. Notably, the expression of
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Figure 2. TMZ inhibits cell proliferation, promotes cell apoptosis and positively regulates the expression of miR-34a. (A) Effects of TMZ on proliferation of
PBLs. Values are provided as a percentage of untreated control cells (Blank group). Data are presented as the mean + standard deviation. “P<0.05, “P<0.01
vs. Blank group. (B) Flow cytometry was used to examine cell apoptosis. Data are presented as the mean + standard deviation. “P<0.01 vs. Blank group.
(C) Expression of apoptosis-associated proteins, caspase-3, caspase-9, Bax and Bcl-2, was analyzed by western blotting. 3-actin was used as an internal control.
Data are presented as the mean + standard deviation. “P<0.01 vs. Blank group. (D) miR-34a expression was detected by reverse transcription-quantitative
polymerase chain reaction in PBLs following treatment with various doses of TMZ. Data are presented as the mean =+ standard deviation. “P<0.01 vs. Blank
group. Bax, B-cell lymphoma 2-associated X protein; Bel-2, B-cell lymphoma 2; miR, microRNA; PBLs, peripheral blood lymphocytes; TMZ, temozolomide.

miR-34a exhibited the greatest alteration between oncology
nurses and control nurses (P<0.01; Fig. 1C). These data indi-
cated that miR-34a may be abnormally expressed in nurses
occupationally exposed to antineoplastic drugs.

Effects of TMZ on PBL proliferation and apoptosis in vitro.
To investigate whether TMZ suppresses the growth of normal
cells in the body, PBLs were incubated with various doses of
TMZ, and proliferation was assessed using the CCK-8 assay.
TMZ was able to inhibit the growth of PBLs in a dose-depen-
dent manner (Fig. 2A). Following treatment with 20 uM TMZ,
PBL growth was markedly inhibited.

To determine whether apoptosis contributed to cell growth
inhibition, PBLs were incubated with various doses of TMZ,
and apoptosis was assessed. As presented in Fig. 2B, TMZ
was able to promote apoptosis. Furthermore, the expres-
sion levels of proteins involved in apoptotic regulation were
detected. TMZ decreased the expression of the anti-apoptotic
protein Bcl-2, and increased the expression of the proapoptotic
proteins caspase-9, caspase-3 and Bax (Fig. 2C).

In addition, the present study examined the association
between miR-34a and TMZ. As presented in Fig. 2D, the
expression levels of miR-34a were upregulated in PBLs treated
with various doses of TMZ. These data indicated that miR-34a
expression may be positively regulated by TMZ.

miR-34a contributes to PBL proliferation and apoptosis
in vitro. To evaluate the effects of miR-34a on cellular
functions, negative control or miR-34a mimics were trans-
fected into PBLs. Cells transfected with miR-34a mimics
exhibited increased miR-34a expression compared with

negative control mimic-transfected cells (Fig. 3A). In
addition, miR-34a mimics inhibited cell proliferation in a
time-dependent manner, as determined using the CCK-8
assay (Fig. 3B). These results suggested that miR-34a may
serve a physiological role in regulating cell proliferation.
Subsequently, the present study examined whether cell
apoptosis was affected by the overexpression of miR-34a,
as determined by FCM. Overexpression of miR-34a signifi-
cantly increased the rate of apoptosis (Fig. 3C). To determine
how miR-34a serves a role in apoptosis, the protein expres-
sion levels of caspase-3, caspase-9, Bax and Bcl-2 were
analyzed by western blotting. As presented in Fig. 3D, the
protein expression levels of caspase-3, caspase-9 and Bax
were significantly increased, whereas Bcl-2 was significantly
decreased following transfection with the miR-34a mimics.
These results demonstrated that miR-34a may inhibit PBL
proliferation and induce apoptosis.

Effects of miR-34a knockdown on the cytotoxic activity of TMZ
in PBLs. In order to explore the role of miR-34a in PBLs, PBLs
transfected with miR-34a inhibitor and NC inhibitor were
used as control groups, respectively. Following transfection,
RT-qPCR was conducted to examine the miR-34a expression
levels. As demonstrated in Fig. 4A, transfection with miR-34a
inhibitor significantly decreased the miR-34a expression
level compared with the NC inhibitor group. To evaluate the
effects of miR-34a on the cytotoxic activity of TMZ (5 uM) in
PBLs, miR-34a inhibitor and inhibitor NC respectively were
transfected into PBLs 1 h prior to TMZ treatment. The CCK-8
assay was performed to examine cell proliferation. The results
of CCK-8 showed that TMZ significantly reduced the PBLs
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Figure 3. Overexpression of miR-34a induces PBL apoptosis in vitro. (A) Efficiency of miR-34a overexpression was determined in PBLs transfected with
miR-34a mimics by reverse transcription-quantitative polymerase chain reaction. Control cells negative control mimic-transfected cells. (B) Proliferation
of PBLs transfected with miR-34a mimics was measured using the Cell Counting Kit-8 kit. (C) Flow cytometry was used to analyze apoptosis of miR-34a
mimics-transfected cells stained with Annexin V-fluorescein isothiocyanate and propidium iodide. (D) Expression levels of apoptosis-associated proteins in
miR-34a mimics-transfected cells, caspase-3, caspase9, Bax and Bcl-2, were determined by western blotting. 3-actin was used as an internal control. Data are
presented as the mean + standard deviation of three independent experiments. "P<0.05, “P<0.01 vs. the control group. Bax, B-cell lymphoma 2-associated X
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Figure 4. Effects of miR-34a knockdown on the cytotoxic activity of TMZ in PBLs. (A) Efficiency of miR-34a silencing was determined in PBLs trans-
fected with a miR-34a inhibitor by reverse transcription-quantitative polymerase chain reaction. “P<0.01 vs. the control group. (B) Cell Counting kit-8 assay
was performed to detect proliferation of PBLs. miR-34a silencing markedly promoted the proliferation of PBLs pretreated with TMZ. (C) Apoptosis was
assessed using flow cytometry. Representative quadrant figures are presented. Knockdown of miR-34a decreased the number of total apoptotic cells in PBL
cells pretreated with TMZ. (D) Expression levels of apoptosis-associated proteins, caspase-3, caspase-9, Bax and Bcl-2, were analyzed by western blotting.
Untreated cells used as blank group. B-actin was used as an internal control. "P<0.05, “P<0.01 vs. the blank group; “P<0.01 vs. the TMZ group. Data are
presented as the mean + standard deviation from three independent experiments. Bax, B-cell lymphoma 2-associated X protein; Bcl-2, B-cell lymphoma 2;
miR, microRNA; OD, optical density; PBLs, peripheral blood lymphocytes.
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proliferation, whereas knockdown of miR-34a reversed the
inhibitory effect of TMZ on PBLs proliferation (Fig. 4B). This
finding suggested that knockdown of miR-34a suppressed the
cytotoxic activity of TMZ in PBLs.

To assess the effects of miR-34a knockdown on apoptosis,
miR-34a inhibitor-transfected cells were exposed to TMZ,
and the effects of TMZ on cell apoptosis were evaluated by
FCM. Compared with the TMZ group, knockdown of miR-34a
reduced the apoptosis of PBLs following treatment with TMZ
(Fig. 4C). Furthermore, knockdown of miR-34a decreased
the expression levels of caspase-3, caspase-9 and Bax, and
increased the expression of Bcl-2 in PBLs following treatment
of TMZ. These results suggested that miR-34a downregulation
may reduce cell apoptosis; therefore, miR-34a may enhance the
antiproliferative effects of chemotherapeutic agents, including
TMZ.

Discussion

The present study identified a small number of miRNAs that
are aberrantly expressed in PBLs from nurses occupationally
exposed to antineoplastic drugs. Functional assays revealed
that miR-34a overexpression decreased cell proliferation and
induced apoptosis in vitro. Furthermore, silencing miR-34a
suppressed the cytotoxic activity of TMZ in PBLs. These
findings indicated that altered levels of miR-34a may be
considered a novel, minimally invasive biological indicator
of occupational exposure of oncology nurses to antineoplastic
drugs.

Antitumor drugs have been widely used in clinical
tumor therapy as the incidence rate of tumors has increased.
However, the majority of antineoplastic agents exhibit
genotoxic, mutagenic or carcinogenic effects, and may kill
or suppress the growth of normal cells in the body whilst
exerting their effects on tumor cells. For example, some
antineoplastic drugs, including alkylating agents, antime-
tabolites, antibiotics and hormones, which are used to treat
various types of cancer have been classified as carcinogenic
to humans due to their mutagenic and clastogenic proper-
ties (17). Although safety standards for cytotoxic drug
handling have considerably improved over the past two
decades, contamination via inhalation cannot be completely
excluded among nurses (18-20).

Previous studies have suggested that miRNAs from blood
samples can be used as biomarkers for the identification of
disease, injury and drug-induced toxicity (21,22). In addition,
several miRNAs have been reported to possess predictive
value for the TMZ response in glioblastoma (23-29). The
present study investigated whether characteristic miRNA
signatures in PBLs could confirm environmental toxin expo-
sure. PBLs were chosen as they can be easily obtained via a
minimally invasive route, and they are the cells most often
used in human biomonitoring studies. Furthermore, lympho-
cytes have a half-life of 3-6 months and circulate throughout
the body, integrating genotoxic events across body tissues.
Forrest and McHale previously compared global gene expres-
sion in the peripheral blood mononuclear cells from 6-8 pairs
of unexposed controls and workers exposed to high levels of
benzene, and identified potential biomarkers of exposure and
mechanisms of toxicity (30,31).
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The present study focused on miR-34a, which exhibited
the greatest alteration between oncology nurses and control
nurses, and the results demonstrated that in addition to inhib-
iting PBL growth and inducing apoptosis, TMZ was also able
to positively regulate the expression of miR-34a. The effects
of TMZ-altered miRNAs in PBLs from nurses occupationally
exposed to TMZ require further investigation.

Functional assays indicated that miR-34a significantly
reduced the growth of PBLs and induced a dose-dependent
increase in apoptosis. The underlying mechanisms were
revealed to include downregulation of the anti-apoptotic
protein Bcl-2, and activation of caspase 3/9, thus suggesting
that miR-34a may trigger apoptosis via activation of the
mitochondria-associated apoptotic pathway. Furthermore,
silencing miR-34a suppressed the cytotoxic activity of TMZ
in PBLs.

In conclusion, the results of the present study demonstrated
that characteristic molecular signatures associated with TMZ
exposure exist in PBLs, and these molecular signatures may
be used as a predictable and discernible surrogate marker for
determining the miRNAome response to TMZ exposure in the
environment. Although a small sample size was tested in the
present study, these observations warrant further study to vali-
date this alternative testing strategy, which may help to reduce
the risk for contamination among exposed workers. In addi-
tion, further studies regarding these miRNA signatures are
required to provide mechanistic insight into the toxicological
effects of TMZ on circulation.

References

1. Rekhadevi PV, Sailaja N, Chandrasekhar M, Mahboob M,
Rahman MF and Grover P: Genotoxicity assessment in oncology
nurses handling anti-neoplastic drugs. Mutagenesis 22: 395-401,
2007.

2. Cavallo D, Ursini CL, Omodeo-Salé E and Iavicoli S:
Micronucleus induction and FISH analysis in buccal cells and
lymphocytes of nurses administering antineoplastic drugs. Mutat
Res 628: 11-18,2007.

3. Mathias PI, Connor TH and B'Hymer C: A review of high perfor-
mance liquid chromatographic-mass spectrometric urinary
methods for anticancer drug exposure of health care workers.
J Chromatogr B Analyt Technol Biomed Life Sci 1060: 316-324,
2017.

4. Roland C, Caron N and Bussiéres JF: Multicenter study of envi-
ronmental contamination with cyclophosphamide, ifosfamide,
and methotrexate in 66 Canadian hospitals: A 2016 follow-up
study. J Occup Environ Hyg 14: 661-669, 2017.

5. Connor TH and Smith JP: New approaches to wipe sampling
methods for antineoplastic and other hazardous drugs in health-
care settings. Pharm Technol Hosp Pharm 1: 107-114, 2016.

6. Bartel DP: MicroRNAs: Genomics, biogenesis, mechanism, and
function. Cell 116: 281-297, 2004.

7. Fukushima T, Hamada Y, Yamada H and Horii I: Changes of
micro-RNA expression in rat liver treated by acetaminophen
or carbon tetrachloride-regulating role of micro-RNA for RNA
expression. J Toxicol Sci 32: 401-409, 2007.

8. Huang L, Gao D, Zhang Y, Wang C and Zuo Z: Exposure to low
dose benzo[a]pyrene during early life stages causes symptoms
similar to cardiac hypertrophy in adult zebrafish. J] Hazard
Mater 276: 377-382,2014.

9. Song MK, Lee HS and Ryu JC: Integrated analysis of microRNA
and mRNA expression profiles highlights aldehyde-induced
inflammatory responses in cells relevant for lung toxicity.
Toxicology 334: 111-121, 2015.

10. Song MK, Park YK and Ryu JC: Polycyclic aromatic hydro-
carbon (PAH)-mediated upregulation of hepatic microRNA-181
family promotes cancer cell migration by targeting MAPK phos-
phatase-5, regulating the activation of p38 MAPK. Toxicol Appl
Pharmacol 273: 130-139, 2013.



11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

MOLECULAR MEDICINE REPORTS 16: 8103-8109, 2017

Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC,
Jouvet A, Scheithauer BW and Kleihues P: The 2007 WHO
classification of tumours of the central nervous system. Acta
Neuropathol 114: 97-109, 2007.

Galanis E and Buckner J: Chemotherapy for high-grade gliomas.
Br J Cancer 82: 1371-1380, 2000.

Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B,
Taphoorn MJ, Belanger K, Brandes AA, Marosi C,
Bogdahn U, et al: Radiotherapy plus concomitant and adjuvant
temozolomide for glioblastoma. N Engl J Med 352: 987-996, 2005.
Rathod SS,Rani SB, Khan M, Muzumdar D and Shiras A: Tumor
suppressive miRNA-34a suppresses cell proliferation and tumor
growth of glioma stem cells by targeting Akt and Wnt signaling
pathways. FEBS Open Bio 4: 485-495, 2014.

LiSZ,Hu YY,ZhaoJ,Zhao YB, SunJD, Yang YF, Ji CC,Liu ZB,
Cao WD, Qu Y, et al: MicroRNA-34a induces apoptosis in the
human glioma cell line, A172, through enhanced ROS produc-
tion and NOX2 expression. Biochem Biophys Res Commun 444:
6-12,2014.

Livak KJ and Schmittgen TD: Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2(-Delta Delta
C(T)) method. Methods 25: 402-408, 2001.

Ward EM, Schulte PA, Straif K, Hopf NB, Caldwell JC,Carre6n T,
DeMarini DM, Fowler BA, Goldstein BD, Hemminki K, et al:
Research recommendations for selected IARC-classified agents.
Environ Health Perspect 118: 1355-1362, 2010.
Crauste-Manciet S, Sessink PJ, Ferrari S, Jomier JY and
Brossard D: Environmental contamination with cytotoxic drugs
in healthcare using positive air pressure isolators. Ann Occup
Hyg 49: 619-628, 2005.

Fransman W, Vermeulen R and Kromhout H: Occupational
dermal exposure to cyclophosphamide in Dutch hospitals: A
pilot study. Ann Occup Hyg 48: 237-244, 2004.

Kopjar N, Garaj-Vrhovac V, Kasuba V, Rozgaj R, Rami¢ S,
Pavlica V and Zeljezi¢ D: Assessment of genotoxic risks in
Croatian health care workers occupationally exposed to cyto-
toxic drugs: A multi-biomarker approach. Int J] Hyg Environ
Health 212: 414-431, 2009.

Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J, Zhang Y,
Chen J, Guo X, et al: Characterization of microRNAS in serum:
A novel class of biomarkers for diagnosis of cancer and other
diseases. Cell Res 18: 997-1006, 2008.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

8109

Schultz NA, Dehlendorff C, Jensen BV, Bjerregaard JK,
Nielsen KR, Bojesen SE, Calatayud D, Nielsen SE, Yilmaz M,
Holldnder NH, et al: MicroRNA biomarkers in whole blood for
detection of pancreatic cancer. JAMA 311: 392-404, 2014.
Kushwaha D, Ramakrishnan V, Ng K, Steed T, Nguyen T,
Futalan D, Akers JC, Sarkaria J, Jiang T, Chowdhury D, et al:
A genome-wide miRNA screen revealed miR-603 as a
MGMT-regulating miRNA in glioblastomas. Oncotarget 5:
4026-4039, 2014.

Lan J, Xue Y, Chen H, Zhao S, Wu Z, Fang J, Han C and
Lou M: Hypoxia-induced miR-497 decreases glioma cell sensi-
tivity to TMZ by inhibiting apoptosis. FEBS Lett 588: 3333-3339,
2014.

LiuQ,ZouR, Zhou R, Gong C, Wang Z, Cai T, Tan C and Fang J:
miR-155 regulates glioma cells invasion and chemosensitivity by
p38 isforms in vitro. J Cell Biochem 116: 1213-1221, 2015.
Quintavalle C, Mangani D, Roscigno G, Romano G,
Diaz-Lagares A, laboni M, Donnarumma E, Fiore D,
De Marinis P, Soini Y, et al: MiR-221/222 target the DNA
methyltransferase MGMT in glioma cells. PLoS One 8: 74466,
2013.

Sun YC, Wang J, Guo CC, Sai K, Wang J, Chen FR, Yang QY,
Chen YS, Wang J, To TS, et al: MiR-181b sensitizes glioma cells
to teniposide by targeting MDM?2. BMC Cancer 14: 611, 2014.
Wu H, Liu Q, Cai T, Chen YD, Liao F and Wang ZF: MiR-136
modulates glioma cell sensitivity to temozolomide by targeting
astrocyte elevated gene-1. Diagn Pathol 9: 173, 2014.

Zhang W, Zhang J, Hoadley K, Kushwaha D, Ramakrishnan V,
Li S, Kang C, You Y, Jiang C, Song SW, et al: miR-181d: A
predictive glioblastoma biomarker that downregulates MGMT
expression. Neuro Oncol 14: 712-719, 2012.

Forrest MS, Lan Q, Hubbard AE, Zhang L, Vermeulen R,
Zhao X, Li G, Wu YY, Shen M, Yin S, et al: Discovery of novel
biomarkers by microarray analysis of peripheral blood mononu-
clear cell gene expression in benzene-exposed workers. Environ
Health Perspect 113: 801-807, 2005.

McHale CM, Zhang L, Lan Q, Li G, Hubbard AE, Forrest MS,
Vermeulen R, Chen J, Shen M, Rappaport SM, et al: Changes in
the peripheral blood transcriptome associated with occupational
benzene exposure identified by cross-comparison on two micro-
array platforms. Genomics 93: 343-349, 2009.



