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Abstract: Epithelial to mesenchymal transition (EMT) is a naturally occurring process during embryonic
development and wound healing that is implicated in cancer progression when aberrantly reactivated. EMT has
also been linked to chemotherapy resistance, anti-apoptosis, migration, and invasion of cells. It is thought to
endow cancer cells with the ability to self-renew and mesenchymal properties that promote dissemination and
metastasis. RhoB, a protein that binds GTP, regulates cellular processes such as cell survival, tumorigenesis,
angiogenesis, migration, and metastasis. RhoB down-regulation is correlated to higher degrees of tumor
progression and invasiveness. The loss of RhoB during cancer progression is thought to induce EMT by
regulating the expression of certain EMT-associated transcription factors. This study aims to investigate the
possible relationship between RhoB expression and the EMT characteristics of non-small cell lung cancer cells,
such as in vitro migration proprieties. RhoB siRNA or All Stars siRNA negative control was transfected into
Ab49 cells to determine whether RhoB depletion could promote EMT properties. The wound-healing assay was
used for evaluating cell migration. The results demonstrate that the knockdown of RhoB promoted the migration
ability of A549 cells. The current study may help to better understand the role of RhoB in EMT.
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Introduction

Lung cancer is a malignant disease that often does not show obvious symptoms until its advanced stages. In the
late 20th century, lung cancer has become the leading cause of cancer-related deaths worldwide (Molina et al.,
2008), with 1.76 million deaths in 2018, according to WHO (World Health Organization, 2018). Lung cancer
accounts for 31% of cancer-related deaths in women and approximately 26% of cancer-related deaths in men
(Viani et al., 2012). The 5-year survival rate of lung cancer patients is 36-73% (Padda et al., 2014). Lung cancer
is divided into four main types: squamous cell carcinoma, adenocarcinoma, large cell carcinoma, which are
included in the non-small cell lung cancer, and small-cell carcinoma. (Travis et al., 2012). Non-small cell lung
cancer (NSCLC) accounts for about 80% of lung cancer cases. Although new therapies have been developed,
the 5-year survival rate of patients with NSCLC is as low as 15% (Gao et al., 2014).

Epithelial- to- mesenchymal transition (EMT) is a reversible mechanism in which epithelial cells lose
characteristic epithelial proprieties while simultaneously gaining mesenchymal stem cell characteristics
(Acloque et al.,2009; Maier et al.,2010; Stone et al.,2016; Skrypek et al., 2017). Epithelial-mesenchymal
transition plays a role in normal physiological functions such as embryonic development during embryogenesis
as part of tissue remodeling and during wound healing, but can also be recapitulated by cancers (Hay,1968;
Thiery 2003; Lee at al.,2006; Thiery et al.,2006; Visvader and Lindeman,2008; Micalizzi et al.,2010). It
contributes to pathological conditions such as fibrosis and tumorigenesis (Aroeira et al.,2007; Angadi and Kale,
2015; Stone et al.,2016). Cancer cells undergo a change in phenotype to make them more mobile and lose
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polarity (Angadi and Kale, 2015). EMT allows cancer cells to be more invasive and metastasize ("walk out" of
the primary tumor) and contributes to chemoresistance (Thiery et al., 2002; Thiery et al., 2006; Christiansen and
Rajasekaran., 2006). Once metastatic cells reach a secondary site, they must regain the proliferative
characteristics of epithelial cells to form a secondary tumor (Acloque et al.,2009; Stone et al.,2016; Skrypek et
al., 2017).

Migration is a key process that enables cells to modify and reach their proper location in a given environment to
perform their function (Te Boekhorst et al., 2016). This phenomenon plays an important role in various
processes in multicellular organisms such as gastrulation, embryogenesis, nervous system development, tissue
homeostasis, and trafficking of immune cells. However, if cell migration is deregulated, it may lead to many
pathological processes, including inflammation and cancer metastasis (Charras and Sahai, 2014; Mayor and
Etienne-Manneville,2016; Van Helvert et al., 2018). In the development and progression of cancer, metastasis
occurs as tumor cells migrate through the circulatory and lymphatic systems from the primary tumor, invade the
basement membranes and endothelial walls and eventually colonize distant organs (Friedl and Wolf, 2003;
Friedl and Alexander, 2011).

RhoB, a Rho GTPase, is different from other Rho family members in terms of various properties such as
intracellular localization, short half-life at both mRNA and protein levels in cells, and isoprenylation of the -
COOH terminal (Adamson et al., 1992). Several studies have reported that in many cancer types, RhoB
expression is downregulated, while RhoA and RhoC expressions are upregulated (Chen et al., 2000; Abraham,
2001; Kamai et al., 2001; Forget et al., 2002; Adnane et al., 2002; Kamai et al., 2003; Horiuchi et al., 2003;
Jiang et al., 2004; Mazieres et al., 2004; Maziéres et al., 2005; Sato et al., 2007; Zhou et al., 2011). As the tumor
progresses towards advanced invasive carcinoma, RhoB remains localized in the cytoplasm, loses its ability to
translocate to the nucleus, and its expression decreases dramatically in the middle and poorly differentiated
regions of the tumor (Adnane et al., 2002).

Increasing evidence suggests a relationship between EMT induction and RhoB downregulation (Bousquet et al.,
2009; Vega et al., 2015; Bousquet et al., 2016; Calvayrac et al., 2017). Data from various studies have shown
that RhoB inhibition is accompanied by cytoskeletal rearrangements such as modulation of the cytoskeleton of
actin and vimentin and altering the expression of vinculin and cadherins, which are the main features of the
EMT process (Bousquet et al.,, 2009). During cancer progression, RhoB loss causes EMT through
overexpression of mMRNA levels of SLUG but not SNAIL transcription factor, and a decrease in E-cadherin
mRNA and protein levels (Bousquet et al., 2009; Vega et al., 2015; Bousquet et al., 2016; Calvayrac et al.,
2017). This suggests that RhoB downregulation has an effect only on specific EMT-inducing transcription
factors (Shih and Yang., 2011; Baldwin et al., 2014; Wang et al., 2016).

This study aims to investigate the contribution of RhoB expression to the in vitro EMT properties of non-small
cell lung cancer cells, such as cell migration.

Materials and Methods:
Cell Culture:

Ab49 cells were grown in RPMI-1640 medium supplemented with 10% FBS, 1% L-glutamine, and 1%
penicillin/streptomycin at 37°C and 5% CO, in a humidified incubator. Cells were seeded in 25 cm? tissue
culture flasks and passaged when 80% confluence was reached.

Transfection with RhoB siRNA

Before transfection, 6 x 10 cells were seeded in 24-well plates in an appropriate culture medium containing
serum and antibiotics. In the short time until transfection, the cells were incubated under normal growth
conditions (typically 37°C and 5% CO,). RhoB siRNA or AllStars siRNA negative control (used as RhoB
siRNA negative control) was diluted in Opti-MEM | medium without serum. To dilute HiPerfect, Opti-MEM |
was added and gently mixed by inverting the tube 2-3 times. Diluted HiPerFect was added to the diluted RhoB
siRNA and mixed by vortexing. RhoB siRNA or RhoB siRNA negative control (Qiagen) were allowed to form
transfection complexes with HiperFect (Qiagen) for 20 minutes at room temperature (15—25°C) in serum-free
Opti-MEM 1 (Invitrogen) at 25 nM final concentration according to the manufacturer's instructions. Then,
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transfection complexes were added drop-wise onto A549 cells. The plate was swirled gently to ensure uniform
distribution of the transfection complexes. The cells were incubated for 24 hours with the transfection
complexes under their normal growth conditions. RhoB knockdown was monitored 24 h after transfection.
Transfected cells were harvested for total RNA isolation. The relative expression of RhoB was evaluated by
gRT-PCR.

RT-PCR:

Total RNA was isolated from cells using the miRNeasy Kit (Qiagen) according to the manufacturer's protocol.
Reverse transcription reaction was carried out using the High-Capacity RNA to ¢cDNA ™ kit (Applied
Biosystems). SYBR green-based real-time RT-PCR was carried out using the Power SYBR® Green PCR
Master Mix kit (Applied Biosystems) to measure the expression of RhoB in cells by the StepOnePlus Real-Time
PCR System (Applied Biosystems). GAPDH was used as an endogenous control.

Scratch Wound Healing Assay:

A549 cells transfected with RhoB siRNA or AllStars siRNA negative control were seeded at a density of 2x10°
cells/well in 24-well plates. After the cells reached 90-100% confluence, they were serum starved overnight in
media before starting the experiment. The confluent cell monolayer was then wounded by scraping the
monolayer using a 10l pipette to generate scratch wounds and washed with PBS twice to eliminate cell debris.
Then, cells were allowed to migrate for 72 hours in the 1% FBS RPMI-1640 medium at 37°C. Wound closure or
cell migration images were photographed when the scrape wound was introduced at 0 h and 24, 48, and 72 h
after initial wounding. Six locations in each transfection group were visualized and photographed using a 10X
objective lens under a Nikon ECLIPSE TS100 phase-contrast inverted microscope equipped with a DS-Fil
Camera. The migration areas were measured by calculating the difference between the wound area at the
indicated time points and the initial wound area using the Image J- NIH (U. S. National Institutes of Health,
Bethesda, MA, USA).

Statistical Analysis:
All data are expressed as mean = SD. Student's t-test for the comparison between groups was performed using

GraphPad Prism version 8.0.2 (GraphPad Software, San Diego, California USA). Those with a p-value equal to
0.05 or less were considered statistically significant.

1.5_ %k %k %k

Relative expression of RhoB by RT-PCR

Figure 1. Relative expression of RhoB siRNA by RT-PCR. (*** indicates p<0.001).
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Results and Discussion
RT-PCR:

To explore whether RhoB siRNA can decrease the expression of RhoB, A549 cells were transfected with RhoB
siRNA or RhoB siRNA negative control (AllStars siRNA negative control) at a final concentration of 25 nM for
24 h, then the relative expression of RhoB was measured by qRT-PCR. The relative expression of RhoB was
0.12 + 0.01 in A549 cells transfected with RhoB siRNA, which was significantly decreased, as compared to
1.00 + 0.00 in A549 cells transfected with RhoB siRNA negative control cell group (p< 0.001; Fig.1) when
analyzed by RT-PCR. The results suggest that RhoB siRNA could decrease RhoB expression in A549 cells.

Scratch Wound Healing Assay:

A
0h 24 h

Figure 2. Phase-contrast photographs of the cultures taken at 0 h and at the indicated time intervals. Scale bar=
100 pm.

To explore the effects of RhoB siRNA on the migration of A549 cells, an in vitro scratch assay was performed
on A549 cells transfected with RhoB siRNA (Fig. 2A) or RhoB siRNA negative control (Fig. 2B) and
untransfected cells (Fig. 2C) and images were taken at Oh, and 24,48 and 72 h incubation times after initial
wound scratching using a phase-contrast microscope. The migration rate was calculated by measuring the total
distance that A549 cells migrated towards the center of the wound from the edge of the wound.

Wound closure% at different time points was represented as the percentage of wounded area at time 0. The
capacity of wound healing in A549 cells transfected with RhoB siRNA was significantly enhanced compared to
control cells at 24 h (p= 0.013; Fig. 3A), at 48 h (p=0.030; Fig. 3B), and at 72 h ( p= 0.025; Fig. 3C) after
scratching, suggesting that RhoB siRNA could promote cell migration in A549 cells, which further emphasize
the function of RhoB in the migration and metastasis of non-small cell lung cancer cells.
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Figure 3. Analysis of the wound area closure of A549 cells at different time points. (* indicates p < 0.05).

Discussion and Conclusion:

RhoB, a protein that binds GTP, is involved in regulating many cellular processes such as apoptosis,
tumorigenesis, angiogenesis, migration, and metastasis (Howe and Addison,2012). RhoB down-regulation is
correlated to higher degrees of lung tumor progression and invasiveness (Adnane et al.,2002; Wang et al.,2003;
Mazieres et al.,2004; Sato et al.,2007; Chen et al.,2016). The loss of RhoB during cancer progression is thought
to induce EMT by regulating the expression of certain EMT-inducing transcription factors (Shih and Yang.,
2011; Baldwin et al., 2014; Wang et al., 2016). This study aimed to investigate the relationship between RhoB
expression and the in vitro EMT functional properties of non-small cell lung cancer cells, such as cell motility
and migration. For this purpose, RhoB siRNA or RhoB siRNA negative control was transfected into A549 cells
to determine whether RhoB depletion could promote EMT properties. The scratch wound-healing assay was
used for evaluating cell migration. Results revealed that RhoB knockdown significantly enhanced the migration
of NSCLC A549 cells. Our results are in accordance with previous studies, reporting that low expression of
RhoB promoted EMT, migration, and invasion (Bousquet et al.,2009; Ma et al.,2019). Taken together, these
results indicate that RhoB plays an important role as a tumor suppressor in tumorigenesis, cancer cell motility,
EMT, and metastasis in NSCLC and could be a potential target for cancer treatment.

References

Abraham, R. T. (2001). Cell cycle checkpoint signaling through the ATM and ATR kinases. Genes &
development, 15(17), 2177-2196.

21



International Conference on Veterinary, Agriculture and Life Sciences (ICVALS)
October 29-November 1, 2020, Antalya/TURKEY

Acloque, H., Adams, M. S., Fishwick, K., Bronner-Fraser, M., & Nieto, M. A. (2009). Epithelial-mesenchymal
transitions: the importance of changing cell state in development and disease. The Journal of clinical
investigation, 119(6), 1438-1449

Adamson, P., Paterson, H. F., & Hall, A. (1992). Intracellular localization of the P21rho proteins. The Journal of
cell biology, 119(3), 617-627.

Adnane, J., Muro-Cacho, C., Mathews, L., Sebti, S. M., & Munoz-Antonia, T. (2002). Suppression of rho B
expression in invasive carcinoma from head and neck cancer patients. Clinical Cancer Research, 8(7),
2225-2232.

Angadi, P. V., & Kale, A. D. (2015). Epithelial-mesenchymal transition-A fundamental mechanism in cancer
progression: An overview. Indian Journal of Health Sciences and Biomedical Research (KLEU), 8(2),
77.

Aroeira, L. S., Aguilera, A., Sanchez-Tomero, J. A., Bajo, M. A,, del Peso, G., Jiménez-Heffernan, J. A,, ... &
Lopez-Cabrera, M. (2007). Epithelial to mesenchymal transition and peritoneal membrane failure in
peritoneal dialysis patients: pathologic significance and potential therapeutic interventions. Journal of
the American Society of Nephrology, 18(7), 2004-2013.

Baldwin, L.A., Hoff, J.T., Lefringhouse, J., Zhang, M., Jia, C., Liu, Z., Erfani, S., Jin, H., Xu, M., She, Q.B. and
Van Nagell, J.R. (2014). CD151-a3B1 integrin complexes suppress ovarian tumor growth by repressing
slug-mediated EMT and canonical Wnt signaling. Oncotarget, 5(23), p.12203.

Bousquet, E., Maziéres, J., Privat, M., Rizzati, V., Casanova, A., Ledoux, A., ... & Pradines, A. (2009). Loss of
RhoB expression promotes migration and invasion of human bronchial cells via activation of AKTL.
Cancer research, 69(15), 6092-6099.

Bousquet, E., Calvayrac, O., Mazieres, J., Lajoie-Mazenc, |., Boubekeur, N., Favre, G., & Pradines, A. (2016).
RhoB loss induces Racl-dependent mesenchymal cell invasion in lung cells through PP2A inhibition.
Oncogene, 35(14), 1760-1769.

Calvayrac, O., Maziéres, J., Figarol, S., Marty- Detraves, C., Raymond- Letron, I., Bousquet, E., ... & Guibert,
N. (2017). The RAS- related GTP ase RHOB confers resistance to EGFR- tyrosine kinase inhibitors in
non- small- cell lung cancer via an AKT- dependent mechanism. EMBO molecular medicine, 9(2),
238-250.

Charras, G., and Sahai, E. (2014). Physical influences of the extracellular environment on cell migration. Nature
reviews Molecular cell biology, 15(12), 813-824.

Chen, Z., Sun, J., Pradines, A., Favre, G., Adnane, J.,, & Sebti, S. M. (2000). Both farnesylated and
geranylgeranylated RhoB inhibit malignant transformation and suppress human tumor growth in nude
mice. Journal of Biological Chemistry, 275(24), 17974-17978.

Chen, W., Niu, S., Ma, X., Zhang, P., Gao, Y., Fan, Y., ... & Zhang, Y. (2016). RhoB acts as a tumor suppressor
that inhibits malignancy of clear cell renal cell carcinoma. PLoS One, 11(7), e0157599.

Christiansen, J. J., & Rajasekaran, A. K. (2006). Reassessing epithelial to mesenchymal transition as a
prerequisite for carcinoma invasion and metastasis. Cancer research, 66(17), 8319-8326.

Forget, M. A., Desrosiers, R. R., Del Maestro, R. F., Moumdjian, R., Shedid, D., Berthelet, F., & Béliveau, R.
(2002). The expression of rho proteins decreases with human brain tumor progression: potential tumor
markers. Clinical & experimental metastasis, 19(1), 9-15.

Friedl, P., & Wolf, K. (2003). Tumour-cell invasion and migration: diversity and escape mechanisms. Nature
reviews cancer, 3(5), 362-374.

Friedl, P., & Alexander, S. (2011). Cancer invasion and the microenvironment: plasticity and
reciprocity. Cell, 147(5), 992-1009.

Gao, Y., Fan, X,, Li, W., Ping, W., Deng, Y., & Fu, X. (2014). miR-138-5p reverses gefitinib resistance in non-
small cell lung cancer cells via negatively regulating G protein-coupled receptor 124. Biochemical and
biophysical research communications, 446(1), 179-186.

Hay, E. D. (1968). Organization and fine structure of epithelium and mesenchyme in the developing chick
embryo. In Epithelial-Mesenchymal Interactions; 18th Hahnemann Symposium, 1968. Williams &
Wilkins.

Horiuchi, A., Imai, T., Wang, C., Ohira, S., Feng, Y., Nikaido, T., & Konishi, I. (2003). Up-regulation of small
GTPases, RhoA and RhoC, is associated with tumor progression in ovarian carcinoma. Laboratory
investigation, 83(6), 861-870.

Howe, G. A., & Addison, C. L. (2012). RhoB controls endothelial cell morphogenesis in part via negative
regulation of RhoA. Vascular cell, 4(1), 1.

Jiang, K., Sun, J., Cheng, J., Djeu, J. Y., Wei, S., & Sebti, S. (2004). Akt mediates Ras downregulation of RhoB,
a suppressor of transformation, invasion, and metastasis. Molecular and cellular biology, 24(12), 5565-
5576.

Kamai, T., Arai, K., Tsujii, T., Honda, M., & Yoshida, K. (2001). Overexpression of RhoA mRNA is
associated with advanced stage in testicular germ cell tumour. BJU international, 87(3), 227-231.

22



International Conference on Veterinary, Agriculture and Life Sciences (ICVALS)
October 29-November 1, 2020, Antalya/TURKEY

Kamai, T., Kawakami, S., Koga, F., Arai, G., Takagi, K., Arai, K., ... & Yoshida, K. I. (2003). RhoA is
associated with invasion and lymph node metastasis in upper urinary tract cancer. BJU
international, 91(3), 234-238.

Lee, J. M., Dedhar, S., Kalluri, R., & Thompson, E. W. (2006). The epithelial-mesenchymal transition: new
insights in signaling, development, and disease. Journal of Cell Biology, 172(7), 973-981.

Ma, Q., Gao, Y., Xu, P, Li, K, Xu, X., Gao, J., ... & He, X. (2019). Atorvastatin inhibits breast cancer cells by
downregulating PTEN/AKT pathway via promoting ras homolog family member B (RhoB). BioMed
research international, 2019.

Maier, H. J., Wirth, T., & Beug, H. (2010). Epithelial-mesenchymal transition in pancreatic carcinoma. Cancers,
2(4), 2058-2083.

Mayor, R., & Etienne-Manneville, S. (2016). The front and rear of collective cell migration. Nature reviews
Molecular cell biology, 17(2), 97.

Mazieres, J., Antonia, T., Daste, G., Muro-Cacho, C., Berchery, D., Tillement, V., ... & Favre, G. (2004). Loss
of RhoB expression in human lung cancer progression. Clinical cancer research, 10(8), 2742-2750.

Maziéres, J., Tillement, V., Allal, C., Clanet, C., Bobin, L., Chen, Z., ... & Pradines, A. (2005).
Geranylgeranylated, but not farnesylated, RhoB suppresses Ras transformation of NIH-3T3
cells. Experimental cell research, 304(2), 354-364.

Micalizzi, D. S., Farabaugh, S. M., & Ford, H. L. (2010). Epithelial-mesenchymal transition in cancer: parallels
between normal development and tumor progression. Journal of mammary gland biology and
neoplasia, 15(2), 117-134.

Molina, J. R., Yang, P., Cassivi, S. D., Schild, S. E., & Adjei, A. A. (2008, May). Non-small cell lung cancer:
epidemiology, risk factors, treatment, and survivorship. In Mayo clinic proceedings (Vol. 83, No. 5, pp.
584-594). Elsevier.

Padda, S. K., Burt, B. M., Trakul, N., & Wakelee, H. A. (2014, February). Early-stage non-small cell lung
cancer: surgery, stereotactic radiosurgery, and individualized adjuvant therapy. In Seminars in
oncology (Vol. 41, No. 1, pp. 40-56). WB Saunders.

Sato, N., Fukui, T., Taniguchi, T., Yokoyama, T., Kondo, M., Nagasaka, T., ... & Minna, J. D. (2007). RhoB is
frequently downregulated in non- small- cell lung cancer and resides in the 2p24 homozygous deletion
region of a lung cancer cell line. International journal of cancer, 120(3), 543-551.

Shih, J. Y., & Yang, P. C. (2011). The EMT regulator slug and lung carcinogenesis. Carcinogenesis, 32(9),
1299-1304.

Skrypek, N., Goossens, S., De Smedt, E., Vandamme, N., & Berx, G. (2017). Epithelial-to-mesenchymal
transition: epigenetic reprogramming driving cellular plasticity. Trends in Genetics, 33(12), 943-959.

Stone, R. C., Pastar, I., Ojeh, N., Chen, V., Liu, S., Garzon, K. I., & Tomic-Canic, M. (2016). Epithelial-
mesenchymal transition in tissue repair and fibrosis. Cell and tissue research, 365(3), 495-506.

Te Boekhorst, V., Preziosi, L., & Friedl, P. (2016). Plasticity of cell migration in vivo and in silico. Annual
review of cell and developmental biology, 32, 491-526.

Thiery, J. P. (2002). Epithelial-mesenchymal transitions in tumour progression. Nature Reviews Cancer, 2(6),
442-454,

Thiery, J. P. (2003). Epithelial-mesenchymal transitions in development and pathologies. Current opinion in
cell biology, 15(6), 740-746.

Thiery, J. P., & Sleeman, J. P. (2006). Complex networks orchestrate epithelial-mesenchymal
transitions. Nature reviews Molecular cell biology, 7(2), 131-142.

Travis, W. D. (2012). Update on small cell carcinoma and its differentiation from squamous cell carcinoma and
other non-small cell carcinomas. Modern Pathology, 25(1), S18-S30.

Van Helvert, S., Storm, C., & Friedl, P. (2018). Mechanoreciprocity in cell migration. Nature cell
biology, 20(1), 8.

Vega, F. M., Thomas, M., Reymond, N., & Ridley, A. J. (2015). The Rho GTPase RhoB regulates cadherin
expression and epithelial cell-cell interaction. Cell Communication and Signaling, 13(1), 6.

Viani, G.A., Boin, A.C., lkeda, V.Y., Vianna, B.S,, Silva, R.S., & Santanella, F. (2012). Thirty years of
prophylactic cranial irradiation in patients with small cell lung cancer: a meta-analysis of randomized
clinical trials. J Bras Pneumol, 38(3), pp.372-381.

Visvader, J. E., & Lindeman, G. J. (2008). Cancer stem cells in solid tumours: accumulating evidence and
unresolved questions. Nature reviews cancer, 8(10), 755-768.

Wang, S., Yan-Neale, Y., Fischer, D., Zeremski, M., Cai, R., Zhu, J., ... & Cohen, D. (2003). Histone
deacetylase 1 represses the small GTPase RhoB expression in human non-small lung carcinoma cell
line. Oncogene, 22(40), 6204-6213.

Wang, W., Yi, M., Chen, S, Li, J,, Li, G, Yang, J.,, ... & Li, G. (2016). Significance of the NORL1-
FOXA1/HDAC2-Slug regulatory network in epithelial-mesenchymal transition of tumor
cells. Oncotarget, 7(13), 16745.

23



International Conference on Veterinary, Agriculture and Life Sciences (ICVALS)
October 29-November 1, 2020, Antalya/TURKEY

World Health Organization. (2018, September 12). Cancer. https://www.who.int/news-room/fact-
sheets/detail/cancer.

Zhou, J., Li, K., Gu, Y., Feng, B, Ren, G., Zhang, L., ... & Fan, D. (2011). Transcriptional up-regulation of
RhoE by hypoxia-inducible factor (HIF)-1 promotes epithelial to mesenchymal transition of gastric
cancer cells during hypoxia. Biochemical and biophysical research communications, 415(2), 348-354.

Author Information

Hedayet YOUSEF Hiba KHAIR

Gaziantep University Gaziantep University

Department of Biology, Gaziantep University Department of Biology, Gaziantep University
Sehitkamil/Gaziantep, Turkey Sehitkamil/Gaziantep, Turkey

Contact e-mail: hedaytyousef92@hotmail.com

Isik Didem KARAGOZ

Gaziantep University

Department of Biology, Gaziantep University
Sehitkamil/Gaziantep, Turkey

24



