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Abstract

Cancer cells change the properties of surrounding cells via secretion signaling. The effects of tumor
communication were found to cause molecular alterations in peripheral blood mononuclear cells (PBMCs). These
alterations could be applied in a blood-based test for cancer detection, especially with epithelial ovarian cancer
(EOC). This cancer has less effective screening tools and nonspecific symptoms leading to high mortality rates in
patients. Therefore, a novel biomarker for screening is required. A simulated model of cancer cell signaling was
performed by the co-culture of normal PBMCs with ovarian cancer cell lines. Transcriptome analysis was then
performed using RNA sequencing (RNA-seq). In addition, we retrieved expression microarray (GSE31682) data
from GenBank and combined this expression data with the two groups of RNA-seq data using Connection Up-
and Down-Regulation Expression Analysis of Microarrays extension (CU-DREAMX). The most upregulated gene,
GTPase IMAP family member eight (GIMAP8), was selected for validation by quantitative reverse transcription
polymerase chain reaction in PBMCs from 16 ovarian cancer patients compared with 15 healthy controls. The
GIMAPS8 expression was significantly increased in ovarian cancer patients (p-value < 0.0001). Interestingly, there
was high expression in all three cases of clear cell and four cases of serous adenocarcinoma. We determined that
PBMCs changed their gene expression as a result of ovarian cancer cell signaling. Furthermore, the expression
level changes in GIMAPS8 could be applied for cancer screening, diagnosis, and treatment monitoring purposes.
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Introduction

Communication between cancer cells and the normal surrounding
cells plays a role in providing the proper tumor microenvironment for
cancer survival and progression [1-5]. The molecular properties of the
normal surrounding cells are modified through the secretion of factors
such as cytokines or intermediate metabolites from cancer cells [1].
Many studies have reported that stromal cell alterations were referring
in the molecular levels [3,6]. Our previous study revealed that epigenetic
regulation causes differential gene expression in plasma cells as a
result of signaling from breast cancer cells [7]. Therefore, cancer cells
may secrete substances to regulate the expression of white blood cells
(WBCs) that are also found in the bloodstream. The expression changes
in WBC:s could be applied in a blood-based test for cancer detection.

Ovarian cancer is a silent killer of women [8]. It is the fifth leading
cause of cancer deaths among American women and the seventh
leading cause of new cancer patients among Thai women [9]. The
nonspecific symptoms of ovarian cancer can result in late diagnosis
[8]. Moreover, this leads to a more severe stage of cancer that responds
poorly to treatment, in USA the five-year survival rate from 2006
to 2012 was 46.2%. Ovarian cancer is a heterogeneous disease and
epithelial ovarian cancer (EOC) is the most common diagnosis, with
approximately 90% of cases [10]. The histological subtype is primarily
used to classify epithelial ovarian cancer as serous, clear cell, mucinous,
and endometrioid adenocarcinoma [11]. To date, only carbohydrate
antigen 125 (CAI125, sensitivity 79.6% and specificity 82.5%) and
human epididymis protein 4 (HE4, sensitivity 81.7% and specificity
85.1%) are used to assess ovarian cancer in women with a pelvic mass

[12,13], however, these biomarkers are still limited in their sensitivity
and specificity. A more effective screening tool is needed for ovarian cancer.

To discover novel biomarkers, changes in molecular biology
activities were widely identified by microarrays that analyzed the
differential expression of genes between disease and normal conditions
[14]. Analyses of white blood cells (WBCs) in cancer patients were
conducted to interpret patients abnormalities in many cancers such as
lung [15,16], colon [17,18], liver [19], head and neck [20], and ovary
[21]. This data is known as the GEO dataset in GenBank and can be
integrated along with other experiments using the Connection Up-
and Down-Regulation Expression Analysis of Microarrays extension
(CU-DREAMX) program [22]. In addition, RNA sequencing (RNA-
seq) was utilized for transcript identification and quantification of
gene expression with more biological information [23]. This data was
combined with disseminated experiments to explore a novel approach
for cancer screening.
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In this study, we hypothesized that the ovarian tumors may
be synthesizing some hormone-like or soluble substances that
cause molecular changes in WBCs, particularly peripheral blood
mononuclear cell (PBMCs). Alteration of these cells must be prevalent
enough to be detectable from circulating PBMCs and be useful in
distinguishing ovarian cancer patients from their healthy counterparts.
Differential gene expression in PBMCs that are influenced by cancer
would be found in ovarian cancer patients and could serve as tumor
biomarkers. In addition, protein modifications in immune cells could
be future targets of immunotherapy [24,25].

Materials and Methods
Blood collection and PBMC preparation

For the co-culture model, 24 ml of EDTA blood samples were
collected from healthy females without a record of familial ovarian
cancer and isolated for PBMCs by lymphocyte separation medium
according to the manufacturer’s instructions (Axis-Shield PoC AS,
Oslo, Norway). Briefly, blood samples were loaded into a 15 ml tube
with separation medium and centrifuged to separate the mononuclear
cell layer. The cells were then washed twice with phosphate-buffered
saline (PBS) before co-culturing in the next step. For the validation
step, blood from ovarian cancer patients was collected from department
of Obstetrics and Gynecology, Faculty of Medicine, Chulalongkorn
University, Thailand. PBMCs were isolated from blood samples (16
cases of epithelial ovarian cancer and 15 female controls) with the
method described above. All detailed sample data is presented in Table S1.

Cell lines and co-culture

Ovarian cancer cell lines were purchased from the JCRB cell bank
in Japan, including OVISE (JCRB1043) and OVKATE (JCRB1044).
Both cancer cell lines were grown in Dulbecco's Modified Eagle
Medium (DMEM) (Merck KGaA, Darmstadt, Germany) with 10%
fetal bovine serum (FBS) (Thermo ScientificTM, Waltham, MA, USA)
and 1% antibiotic-antimycotic 100X (Thermo ScientificTM, Waltham,
MA, USA) at 37°C, 5% CO,, and standard humidity conditions. Both
cancer cell lines were harvested with 0.05% Trypsin, washed, and
resuspended in PBS. The co-culture model consisted of healthy PBMCs
co-cultured with the cancer cell lines to allow signaling between cells.
Ovarian cancer cell lines were seeded with 2 ml DMEM media (1 x 10°
cells per well) in 6 well-culture plates (Corning Incorporated, Corning,
NY, USA) for 2 experiment groups including OVISE and OVKATE.
The plates were incubated overnight in cell culture conditions. The
control group had no cancer cell lines in the culture system. Next, two
million healthy PBCMs were collected from three different donors. For
each experiment and sample, these PBCMs in 1.5 ml DMEM media
were loaded onto a 0.4 pm transmembrane (Corning Incorporated,
Corning, NY, USA) in triplicate and cultured with cancer cells for four
hours. Co-cultured PBMCs were then collected to extract RNA.

RNA extraction

PBMC cell pellets were collected by centrifugation at 700 g, 4°C
for 10 min and washed twice with PBS. RNA was extracted using 1
ml TRIzol LS reagent (Thermo ScientificTM, Waltham, MA, USA)
according to the manufacturer’s instructions. RNA was then separated
by chloroform, precipitated by 100% isopropanol with glycogen, and
washed with 75% ethanol. Total RNA in 30 pl of Diethyl pyrocarbonate
(DEPC) water was confirmed to be of satisfactory quantity by a Qubit®
Fluorometer (Thermo ScientificTM, Waltham, MA, USA) and RNA
integrity quality was verified by an Agilent 2100 Bioanalyzer (Agilent
Technologies, Palo Alto, CA, USA). The samples with a minimum

RNA concentration of 1 pug and a RNA Integrity Number above seven
were used for next generation sequencing.

RNA sequencing and a transcript level expression analysis

A RNA sample library was prepared using NEBNext® Ultra™ RNA
Library Prep Kit for RNA sequencing according to the manufacturer’s
protocol (Illumina, San Diego, CA, USA). Messenger RNA isolation
and fragmentation was performed for the samples. The fragmented
RNA was then synthesized to cDNA that had both ends modified with
an adaptor. Subsequently, the adaptor-ligated DNA was selected and
purified using an AxyPrep Mag PCR Clean-up (Corning Incorporated,
Corning, NY, USA). Each sample was amplified by PCR for 11 cycles
using P5 and P7 primers. Purified PCR products were validated by
an Agilent 2100 Bioanalyzer (Agilent Technologies, Palo Alto, CA,
USA) and quantified by a Qubit 2.0 Fluorometer (Thermo Scientific™,
Waltham, MA, USA). Lastly, the libraries were loaded onto an Illumina
HiSeq instrument according to the manufacturer’s instructions
(lumina, Inc., San Diego, CA, USA). Sequencing was carried out
using a 2 x 150 bp paired-end (PE) configuration.

RNA-seq raw data was cleaned of the interference information
(adapters). A quality control tool, FastQC, was used to filter high
quality data (Q score > 20). The data was then processed by the HISAT,
StringTie, and Ballgown analysis pipeline [26]. HISAT version 2.1.0
was used to align reads to the reference human genome (GRCh38.
p10). Read alignments were assembled into transcripts by StringTie
version 1.3.3b. DESeq2 version 1.16.1 was used instead of Ballgown
to analyze differential expression. The differential expression of each
gene between experiment and control groups was calculated. Finally,
we had two groups of primary candidate genes from RNA-seq,
including group one genes (OVISE treatment) and group two genes
(OVKATE treatment). Each group was classified into two subgroups as
upregulated or downregulated genes, followed by a calculation of fold
change and p-value.

Retrieving data from GenBank

The gene expression profiling was selected and downloaded from
Gene Expression Omnibus (GEO) (https://www.ncbinlm.nih.gov/gds)
by keyword, including ovarian cancer and white blood cells.
GSE31682 analyzed the differences in gene expression in PBMCs from
48 ovarian cancer cases and 20 healthy controls. This data (genes from
expression microarray GSE31682) was called group three and included
in the analysis with the primary candidate gene groups.

Connection Up- and Down-Regulation Expression Analysis
of Microarrays Extension (CU-DREAMX) Program

We combined and analyzed RNA-seq expression microarray data
from each group using the CU-DREAMX program. Significant genes
from the CU-DREAMX analysis, with a p-value of less than 0.05 and an
odds ratio more than one, were collected. The function of these genes
was classified in terms of biological process by an online database
available from the protein analysis through evolutionary relationships
(PANTHER) classification system (http://pantherdb.org/). Finally, we
selected candidate genes from those with the intersection between the
three data groups.

Quantitative reverse transcription polymerase chain reaction
(RT-qPCR)

To validate gene expression differences in patients, we chose the
highest expressing gene, GTPase IMAP family member eight (GIMAPS),
as a target gene to evaluate expression in PBMCs from ovarian cancer
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patients and control females. First, RNA was extracted from PBMCs and
diluted to a final concentration of 500 ng. Then, cDNA was synthesized
using the RevertAid First Strand cDNA Synthesis Kit (Thermo
Scientific™, Waltham, MA, USA) following the manufacturer’s
instructions. The target gene, GIMAPS, was amplified from cancer
patients and healthy controls using PowerUp™ SYBR' Green Master
Mix (Thermo Scientific™, Waltham, MA, USA) containing the forward
primer 5-CAGAGAAAAAGAAACCCTGAAC-3 and the reverse
primer 5-CTCCCCAGGATAGAGTTCC-3. GIMAPS8 expression
was quantified by an Applied Biosystems QuantStudio 6 Flex Real-
Time PCR System (Thermo Scientific™, Waltham, MA, USA) with
35 cycles for denaturation 95°C 15 seconds and annealing/Extension
58°C 60 seconds. To determine the fold change in gene expression, the
target gene was normalized to an endogenous reference gene, GAPDH
(forward primer 5-TGGAAGGACTCATGACCACAG-3’ and reverse
primer 5-TTCAGCTCAGGGATGACCTT-3’). All samples were
amplified in duplicate and analyzed by the 2-44“* method [27].

Statistical analysis, ROC curve, and diagnostic test

SPSS software for Windows version 22.0 (SPSS Inc., Chicago,
IL, USA) was used for statistical analyses in this study. We used chi-
squared test to determine the distribution of up- and down-regulated
genes. The student’s t-test was performed to compare mean expression
levels between experiment and control data from cell lines as well as
between samples from cancer and healthy patients. All p-values are two-
sided and p-values of less than 0.05 were considered to be statistically
significant. We verified the ability to use GIMAP8 expression levels for
ovarian cancer differentiation, using a receiver-operating characteristic
(ROC) curve analysis and diagnostic test.

Results

RNA-sequencing analysis demonstrated that signaling from
ovarian cancer cells causes gene expression changes in PBMCs

To discover novel biomarkers in PBMCs, this study followed the
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Figure 1: Summary of the experimental design for epithelial ovarian cancer detection in peripheral blood mononuclear cells (PBMCs).
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Figure 2: GIMAP8 expression in PBMCs. (a) Comparison of epithelial ovarian cancer patients and healthy controls. (b) The receiver-operating characteristic (ROC)

curve of GIMAP8 expression for differentiation.

steps of analysis that are summarized in Figure 1. The RNA sequences
from our co-culture model were high quality, as shown in Table S2.
After a differential expression analysis, the primary candidate genes
from group one (OVISE experiment) included 234 up-regulated genes
and 235 down-regulated genes with a p-value < 0.05. The number of
significant up- and down-regulated genes from group two (OVKATE
experiment) were 203 and 171 genes, respectively (Table S3).

Bioinformatics analysis of PBMCs expression from RNA
sequencing and expression profiling

The significantly up- and down-regulated genes from RNA-
sequencing of group one were integrated together with the expression
profiling data from group three. A combined analysis of the data
from both groups resulted in 56 significantly associated up-regulated
genes with an odds ratio of 1.457 and a p-value of 0.021. A similar
analysis combining groups two and three resulted in 42 significantly
associated up-regulated genes with an odds ratio of 1.638 and a p-value
of 0.010. The down-regulated genes from all data groups were not
significantly associated (Table S4). The significantly up-regulated genes
that intersected from the expression array and both groups of RNA-
sequencing, including the OVISE and OVKATE experiments, were
categorized by function in biological process terms. Gene ontology
indicated that cancer induced PBMCs demonstrated expression
changes in genes associated in cellular and metabolic process (Figures
S1 and S2). Furthermore, combination of the three data groups
showed that cyclin dependent kinase inhibitor 1B (CDKNIB), GTPase
IMAP family member 8 (GIMAPS), and Stannin (SNN) were the
final candidate genes. These genes are highly expressed in PBMCs
co-cultured with ovarian cancer cell lines as well as in PBMCs from
ovarian cancer patients.

GIMAPS expression in PBMCs from ovarian cancer patients
and healthy controls

Since it had the highest expression in PBMCs, GIMAP8 was
selected to validate gene expression in ovarian cancer patients and
healthy controls. PBMCs from 16 ovarian cancer cases had a mean
GIMAPS expression of 9.410 + 1.321, while PBMCs from 15 healthy
controls had a mean GIMAPS expression of 1.310 + 0.230. GIMAPS8
expression was high in ovarian cancer patients when compared

with healthy controls (p-value < 0.0001) as shown in Figure 2. This
confirmed the bioinformatics finding. We then evaluated the feasibility
of using the differences in expression of GIMAP8 in PBMCs from
ovarian cancer patients and healthy controls as a diagnostic clinical
test. The relative expression of GIMAPS in PBMCs could differentiate
ovarian cancer patients from healthy controls with a sensitivity of
100%, a specificity of 73.33% (Figure 2), a positive predictive value of
80%, and a negative predictive value of 100% by using a cut off at 1.472.
We also analyzed data by histological subtypes of EOC, there are three
cases of clear cell, three cases of mucinous, four cases of serous, and
six cases of endometrioid adenocarcinoma. The results revealed that all
patients with serous and clear cell adenocarcinoma were detected by
this marker with 100% sensitivity and specificity using a cut off at 5.518.

Discussion

Our study demonstrated that ovarian cancer cells synthesize and
secrete signaling molecules that can influence PBMCs’ gene expression.
These secreted substances can be various compounds depending
on the type of cancer, tumor aggressiveness, or other factors [4,28].
Nevertheless, ovarian cancer cells may release common signals that
effect gene regulation in PBMCs. We focused on altered PBMCs as a
representative target for cancer screening detection. This approach is
conducive to an easy and non-invasive technique. We designed a co-
culture model to simulate directed communication between ovarian
cancer cells and PBMCs. The goal of our experiment was to identify
gene expression changes in PBMCs as a result of exposure to cancer
cells. We performed RNA sequencing and analyses for PBMCs from the
co-culture model. Compared to a microarray, this technique provides
more coverage of transcript expression analysis and provides a lot of
data for further interpretation. The effect of cancer cells on PBMCs
in a patient may be different from that of our co-culture experiment.
Therefore, we supported our cell culture evidence with expression
profiling of ovarian cancer patients’ PBMCs. Modifications in PBMCs
from patients could be a result of cancer, but other factors such as
infection or inflammation may also play a role.

To determine if gene expression changes in cancer induced PBMCs
could be used as a novel biomarker, we combined data from RNA-
sequencing with expression microarray data. Both the PBMC data
sources explained some molecular biology transformations within
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PBMCs due to the influence of ovarian cancer cells and both displayed
gene expression changes. Indeed, up-regulated genes were significant
in ovarian cancer induced PBMCs. These genes function mainly in
cellular and metabolic processes. Importantly, the combined results
identified three genes, including CDKN1B, GIMAPS8, and SNN.

We demonstrated that the evaluation of gene expression changes
of GIMAPS in PBMCs may serve as a potential biomarker for
ovarian cancer detection. The relative expression of GIMAP8 was
significantly increased in PBMCs derived from patients with various
subtypes of epithelial ovarian cancer, especially serous and clear cell
adenocarcinoma, when compared to healthy controls. The quantitative
evaluation of GIMAPS in PBMCs was clear because these subtypes
of cancer were used in our co-culture signaling model. The different
subtypes of ovarian cancer demonstrated ambiguous patterns of gene
expression associated with inflammation [29]. Thus, some molecular
factors from ovarian cancer could be involved with alteration of PBMCs
or WBCs. These include TNF, CXCL12, and IL6, which play important
roles in angiogenesis and immune suppression for the supporting
ovarian cancer microenvironment [30,31]. Additionally, our previous
research reported that the decreased methylation of long interspersed
elements (LINE-1) in ovarian cancer tissues was important in multistep
carcinogenesis [32]. Accordingly, molecular modifications in cancer-
induced PBMCs may be due to epigenetic regulation.

GIMAPS, also known as immune-associated nucleotide-binding
protein 9, encodes a protein in the GTP-binding superfamily and
immuno-associated nucleotide (IAN) subfamily. The predicted
sequence of this gene has three GTP-binding domains and a mass of
77 kDa. The GIMAP gene family plays a role in immune reactions and
controlling cell survival and death [33]. There is no previously reported
association of GIMAPS8 with ovarian cancer, but analyses of non-small
cell lung cancer revealed that GIMAP8 had decreased expression in
the tumor, while high levels of GIMAP8 were showed in non-tumor
surrounding tissue when compared with control lung tissues [33]. This
finding was similar to expression changes in plasma cells in the lymph
nodes of breast cancer metastasis [7] that suggested immune cells were
responding to cancer cell interactions.

A clinical diagnosis of ovarian cancer commonly involves
evaluating CA125 blood serum levels. Increased CA125 levels are found
in only 50% of patients with early stage disease, while 80% of patients
with late stage are detected [13,34]. Additionally, elevated CA125
levels may be caused by benign conditions such as endometriosis,
renal dysfunction, and hepatic disease [12,13]. HE4 is one of the serum
biomarkers with more specificity than CA125 [12]. Expression of HE4
protein is specific to endometrioid and serous epithelial ovarian cancer
[34]. CA125 and HE4 were examined in women with a pelvic mass
and 79.6% and 81.7% of sensitivity and 82.5% and 85.1% of specificity
was reported, respectively [13]. Recently, we developed an approach to
identify an alternative target for ovarian cancer detection and increase
the advantage for screening asymptomatic women. The result showed
an increased level of GIMAPS expression in PBMCs with a sensitivity
of 100% and specificity of 73.33% in differentiating epithelial ovarian
cancer patients and healthy controls. We also examined GIMAPS8
expression in each subtype of epithelial ovarian cancer. Mucinous
adenocarcinoma did not demonstrate significant differences in
GIMAPS expression compared to healthy controls, but prognosis of this
subtype is good. On the other hand, GIMAP8 expression showed 100%
sensitivity and specificity in the serous and clear cell adenocarcinoma
subtypes of ovarian cancer. Therefore, access to this test will be very
important for those patients.

Conclusion

In conclusion, substances secreted from ovarian cancer cells have
the ability to alter gene expression regulation in PBMCs. Most notably,
the differential up-regulation of GIMAPS in PBMCs could be utilized
in further studies of ovarian cancer screening, therapy and prognosis.

Funding

Graduate School, Chulalongkorn University, to commemorate the
72" anniversary of his Majesty King Bhumibol Adulyadej, The Thailand
Research Fund (DPG5980005) and the Anantara Siam Bangkok Hotel
accompany with the Four Seasons Hotel Care for Cancer Fun Run
in coordination with the Thai Red Cross Society and Chulalongkorn
University.

Acknowledgements

This research has been supported by The Scholarship from the Graduate
School, Chulalongkorn University to commemorate the 72" anniversary of his
Majesty King Bhumibol Aduladej, The Thailand Research Fund (DPG5980005),
Thailand and the Anantara Siam Bangkok Hotel accompany with the Four Seasons
Hotel Care for Cancer Fun Run in coordination with the Thai Red Cross Society
and Chulalongkorn University.

Ethics Approval and Consent to Participate

All of the protocols were reviewed and approved by the Ethics Committee,
Faculty of Medicine, Chulalongkorn University, Thailand (IRB no. 313/60).

Conflict of Interest
The authors declare that they have no conflict of interest.

Availability of Data and Materials

The datasets generated and/or analyzed during the current study are available
in the [Gene Expression Omnibus (GEO)] repository [https://www.ncbi.nlm.nih.gov/
geo/query/acc.cgi?acc=GSE110745].

References

1. Xing Y, Zhao S, Zhou BP, Mi J (2015) Metabolic reprogramming of the tumour
microenvironment. FEBS J 282: 3892-3898.

2. Morrison C, Mancini S, Cipollone J, Kappelhoff R, Roskelley C, et al. (2011)
Microarray and proteomic analysis of breast cancer cell and osteoblast co-
cultures: Role of osteoblast matrix metalloproteinase (MMP)-13 in bone
metastasis. J Biol Chem 286: 34271-34285.

3. Ahrens DV, Bhagat TD, Nagrath D, Maitra A, Verma A (2017) The role of
stromal cancer-associated fibroblasts in pancreatic cancer. J Hematol Oncol
10: 76.

4. Hu M, Polyak K (2008) Microenvironmental regulation of cancer development.
Curr Opin Genet Dev 18: 27-34.

5. Erdogan B, Webb DJ (2017) Cancer-associated fibroblasts modulate
growth factor signaling and extracellular matrix remodeling to regulate tumor
metastasis. Biochem Soc Trans 45: 229-236.

6. Ridge SM, Sullivan FJ, Glynn SA (2017) Mesenchymal stem cells: Key players
in cancer progression. Mol Cancer 16: 31.

7. Puttipanyalears C, Kitkumthorn N, Buranapraditkun S, Keelawat S, Mutirangura
A (2016) Breast cancer upregulating genes in stromal cells by LINE-1
hypermethylation and micrometastatic detection. Epigenomics 8: 475-486.

8. Committee on the State of the Science in Ovarian Cancer Research (2016)
Ovarian cancers: Evolving paradigms in research and care. National Academies
Press (US), Board on Health Care Services, Institute of Medicine, National
Academies of Sciences Engineering and Medicine, Washington (DC), USA.

9. National Cancer Institute (2016) Hospital based cancer registry annual report
2014. Pornsup Printing Co., LTD, Bangkok, Thailand.

10. Prat J (2015) FIGO's staging classification for cancer of the ovary, fallopian
tube, and peritoneum: abridged republication. J Gynecol Oncol 26: 87-89.

11. Karst AM, Drapkin R (2010) Ovarian cancer pathogenesis: A model in evolution.
J Oncol 2010: 932371.

J Cancer Sci Ther, an open access journal
ISSN: 1948-5956

Volume 11(3) 080-085 (2019) - 84


http://dx.doi.org/10.1111/febs.13402
http://dx.doi.org/10.1111/febs.13402
http://dx.doi.org/10.1074/jbc.M111.222513
http://dx.doi.org/10.1074/jbc.M111.222513
http://dx.doi.org/10.1074/jbc.M111.222513
http://dx.doi.org/10.1074/jbc.M111.222513
http://dx.doi.org/10.1186/s13045-017-0448-5
http://dx.doi.org/10.1186/s13045-017-0448-5
http://dx.doi.org/10.1186/s13045-017-0448-5
http://dx.doi.org/10.1016/j.gde.2007.12.006
http://dx.doi.org/10.1016/j.gde.2007.12.006
http://dx.doi.org/10.1042/BST20160387
http://dx.doi.org/10.1042/BST20160387
http://dx.doi.org/10.1042/BST20160387
http://dx.doi.org/10.1186/s12943-017-0597-8
http://dx.doi.org/10.1186/s12943-017-0597-8
http://dx.doi.org/10.2217/epi-2015-0007
http://dx.doi.org/10.2217/epi-2015-0007
http://dx.doi.org/10.2217/epi-2015-0007
https://www.nap.edu/catalog/21841/ovarian-cancers-evolving-paradigms-in-research-and-care
https://www.nap.edu/catalog/21841/ovarian-cancers-evolving-paradigms-in-research-and-care
https://www.nap.edu/catalog/21841/ovarian-cancers-evolving-paradigms-in-research-and-care
http://www.nci.go.th/th/File_download/Nci Cancer Registry/HOSPITAL-BASED 2015.pdf
http://www.nci.go.th/th/File_download/Nci Cancer Registry/HOSPITAL-BASED 2015.pdf
http://dx.doi.org/10.3802/jgo.2015.26.2.87
http://dx.doi.org/10.3802/jgo.2015.26.2.87
http://dx.doi.org/10.1155/2010/932371
http://dx.doi.org/10.1155/2010/932371

Citation: Sonthi N, Aporntewan C, Oranratanaphan S, Manchana T, Phoolcharoen N, et al. (2019) Tumor-Induced GIMAP8 Expression in Peripheral
Blood Mononuclear Cells as a Novel Marker for Epithelial Ovarian Cancer Detection. J Cancer Sci Ther 11: 080-085. doi: 10.4172/1948-

5956.1000588

12. Das PM, Bast RC (2008) Early detection of ovarian cancer. Biomark Med 2:

291-303.

3. Kristjansdottir B, Levan K, Partheen K, Sundfeldt K (2013) Diagnostic

performance of the biomarkers HE4 and CA125 in type | and type Il epithelial
ovarian cancer. Gynecol Oncol 131: 52-58.

14. Zhu T, Salmeron J (2007) High-definition genome profiling for genetic marker

discovery. Trends Plant Sci 12: 196-202.

15. Showe MK, Vachani A, Kossenkov AV, Yousef M, Nichols C, et al. (2009)

Gene expression profiles in peripheral blood mononuclear cells can distinguish
patients with non-small cell lung cancer from patients with non-malignant lung
disease. Cancer Res 69: 9202-9210.

16. Zander T, Hofmann A, Staratschek-Jox A, Classen S, Debey-Pascher S, et al.

(2011) Blood-based gene expression signatures in non-small cell lung cancer.
Clin Cancer Res 17: 3360-3367.

17. Galamb O, Sipos F, Solymosi N, Spisak S, Krenacs T, et al. (2008) Diagnostic

mRNA expression patterns of inflamed, benign, and malignant colorectal
biopsy specimen and their correlation with peripheral blood results. Cancer
Epidemiol Biomarkers Prev 17: 2835-2845.

18. Hamm A, Prenen H, Van Delm W, Di Matteo M, Wenes M, et al. (2016)

Tumour-educated circulating monocytes are powerful candidate biomarkers for
diagnosis and disease follow-up of colorectal cancer. Gut 65: 990-1000.

19. Shi M, Chen MS, Sekar K, Tan CK, Ooi LL, et al. (2014) A blood-based three-

20.

2

22.

gene signature for the non-invasive detection of early human hepatocellular
carcinoma. Eur J Cancer 50: 928-936.

Braakhuis BJ, Graveland AP, Dijk F, Ylistra B, Van Wieringen WN, et al. (2013)
Expression signature in peripheral blood cells for molecular diagnosis of head
and neck squamous cell carcinoma. Oral Dis 19: 452-455.

=

. Pils D, Tong D, Hager G, Obermayr E, Aust S, et al. (2013) A combined blood-
based gene expression and plasma protein abundance signature for diagnosis
of epithelial ovarian cancer--a study of the OVCAD consortium. BMC Cancer
13:178.

Aporntewan C, Mutirangura A (2017) Connection up-and down-regulation
expression analysis of microarrays. Asian Biomedicine 5: 257-262.

23.

24,

25.

26.

27.

28.

29.

30.

3

=

32.

33.

34.

Conesa A, Madrigal P, Tarazona S, Gomez-Cabrero D, Cervera A, et al. (2016)
A survey of best practices for RNA-seq data analysis. Genome Biol 17: 13.

Mikkilineni L, Kochenderfer JN (2017) Chimeric antigen receptor T-cell
therapies for multiple myeloma. Blood 130: 2594-2602.

Lu YC, Parker LL, Lu T, Zheng Z, Toomey MA, et al. (2017) Treatment of
patients with metastatic cancer using a major histocompatibility complex class
II-Restricted T-Cell receptor targeting the cancer germline antigen MAGE-A3.
J Clin Oncol 35: 3322-3329.

Pertea M, Kim D, Pertea GM, Leek JT, Salzberg SL (2016) Transcript-level
expression analysis of RNA-seq experiments with HISAT, StringTie and
Ballgown. Nat Protoc 11: 1650-1667.

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

Seager RJ, Hajal C, Spill F, Kamm RD, Zaman MH (2017) Dynamic interplay
between tumour, stroma and immune system can drive or prevent tumour
progression. Converg Sci Phys Oncol 3: 034002.

Yu X, Lian B, Wang L, Zhang Y, Dai E, et al. (2014) The pan-cancer analysis
of gene expression patterns in the context of inflammation. Mol Biosyst 10:
2270-2276.

Kulbe H, Chakravarty P, Leinster DA, Charles KA, Kwong J, et al. (2012)
A dynamic inflammatory cytokine network in the human ovarian cancer
microenvironment. Cancer Res 72: 66-75.

. Latha TS, Panati K, Gowd DS, Reddy MC, Lomada D (2014) Ovarian cancer

biology and immunotherapy. Int Rev Immunol 33: 428-440.

Pattamadilok J, Huapai N, Rattanatanyong P, Vasurattana A, Triratanachat S,
et al. (2008) LINE-1 hypomethylation level as a potential prognostic factor for
epithelial ovarian cancer. Int J Gynecol Cancer 18: 711-717.

Shiao YM, Chang YH, Liu YM, Li JC, Su JS, et al. (2008) Dysregulation of
GIMAP genes in non-small cell lung cancer. Lung Cancer 62: 287-294.

Coticchia CM, Yang J, Moses MA (2008) Ovarian cancer biomarkers: current
options and future promise. J Natl Compr Canc Netw 6: 795-802.

J Cancer Sci Ther, an open access journal
ISSN: 1948-5956

Volume 11(3) 080-085 (2019) - 85


http://dx.doi.org/10.2217/17520363.2.3.291
http://dx.doi.org/10.2217/17520363.2.3.291
http://dx.doi.org/10.1016/j.ygyno.2013.07.094
http://dx.doi.org/10.1016/j.ygyno.2013.07.094
http://dx.doi.org/10.1016/j.ygyno.2013.07.094
http://dx.doi.org/10.1016/j.tplants.2007.03.013
http://dx.doi.org/10.1016/j.tplants.2007.03.013
http://dx.doi.org/10.1158/0008-5472.CAN-09-1378
http://dx.doi.org/10.1158/0008-5472.CAN-09-1378
http://dx.doi.org/10.1158/0008-5472.CAN-09-1378
http://dx.doi.org/10.1158/0008-5472.CAN-09-1378
http://dx.doi.org/10.1158/1078-0432.CCR-10-0533
http://dx.doi.org/10.1158/1078-0432.CCR-10-0533
http://dx.doi.org/10.1158/1078-0432.CCR-10-0533
http://dx.doi.org/10.1158/1055-9965.EPI-08-0231
http://dx.doi.org/10.1158/1055-9965.EPI-08-0231
http://dx.doi.org/10.1158/1055-9965.EPI-08-0231
http://dx.doi.org/10.1158/1055-9965.EPI-08-0231
http://dx.doi.org/10.1136/gutjnl-2014-308988
http://dx.doi.org/10.1136/gutjnl-2014-308988
http://dx.doi.org/10.1136/gutjnl-2014-308988
http://dx.doi.org/10.1016/j.ejca.2013.11.026
http://dx.doi.org/10.1016/j.ejca.2013.11.026
http://dx.doi.org/10.1016/j.ejca.2013.11.026
http://dx.doi.org/10.1111/odi.12019
http://dx.doi.org/10.1111/odi.12019
http://dx.doi.org/10.1111/odi.12019
http://dx.doi.org/10.1186/1471-2407-13-178
http://dx.doi.org/10.1186/1471-2407-13-178
http://dx.doi.org/10.1186/1471-2407-13-178
http://dx.doi.org/10.1186/1471-2407-13-178
https://doi.org/10.5372/1905-7415.0502.034
https://doi.org/10.5372/1905-7415.0502.034
http://dx.doi.org/10.1186/s13059-016-0881-8
http://dx.doi.org/10.1186/s13059-016-0881-8
http://dx.doi.org/10.1182/blood-2017-06-793869
http://dx.doi.org/10.1182/blood-2017-06-793869
http://dx.doi.org/10.1200/JCO.2017.74.5463
http://dx.doi.org/10.1200/JCO.2017.74.5463
http://dx.doi.org/10.1200/JCO.2017.74.5463
http://dx.doi.org/10.1200/JCO.2017.74.5463
http://dx.doi.org/10.1038/nprot.2016.095
http://dx.doi.org/10.1038/nprot.2016.095
http://dx.doi.org/10.1038/nprot.2016.095
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1006/meth.2001.1262
http://dx.doi.org/10.1006/meth.2001.1262
https://iopscience.iop.org/article/10.1088/2057-1739/aa7e86
https://iopscience.iop.org/article/10.1088/2057-1739/aa7e86
https://iopscience.iop.org/article/10.1088/2057-1739/aa7e86
https://pubs.rsc.org/en/content/articlehtml/2014/mb/c4mb00258j
https://pubs.rsc.org/en/content/articlehtml/2014/mb/c4mb00258j
https://pubs.rsc.org/en/content/articlehtml/2014/mb/c4mb00258j
http://dx.doi.org/10.1158/0008-5472.CAN-11-2178
http://dx.doi.org/10.1158/0008-5472.CAN-11-2178
http://dx.doi.org/10.1158/0008-5472.CAN-11-2178
http://dx.doi.org/10.3109/08830185.2014.921161
http://dx.doi.org/10.3109/08830185.2014.921161
http://dx.doi.org/10.1111/j.1525-1438.2007.01117.x
http://dx.doi.org/10.1111/j.1525-1438.2007.01117.x
http://dx.doi.org/10.1111/j.1525-1438.2007.01117.x
http://dx.doi.org/10.1016/j.lungcan.2008.03.021
http://dx.doi.org/10.1016/j.lungcan.2008.03.021
https://doi.org/10.6004/jnccn.2008.0059
https://doi.org/10.6004/jnccn.2008.0059

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods 
	Blood collection and PBMC preparation 
	Cell lines and co-culture 
	RNA extraction 
	RNA sequencing and a transcript level expression analysis 
	Retrieving data from GenBank 
	Connection Up- and Down-Regulation Expression Analysis of Microarrays Extension (CU-DREAMX) Program 
	Quantitative reverse transcription polymerase chain reaction (RT-qPCR) 
	Statistical analysis, ROC curve, and diagnostic test 

	Results
	RNA-sequencing analysis demonstrated that signaling from ovarian cancer cells causes gene expression
	Bioinformatics analysis of PBMCs expression from RNA sequencing and expression profiling 
	GIMAP8 expression in PBMCs from ovarian cancer patients and healthy controls 

	Discussion
	Conclusion
	Funding
	Acknowledgements
	Ethics Approval and Consent to Participate 
	Conflict of Interest 
	Availability of Data and Materials 
	Figure 1
	Figure 2
	References 

