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ABSTRACT 

The Role of Regulatory Genes in Mediating atRA Growth Arrest in 

Ovarian Carcinoma Cells.  

 

Evelyn S. Sirisani 

Doctor of Philosophy 

Temple University 2012 

Doctoral Advisory Committee Chair: Kenneth J. Soprano 

 

 All-trans retinoic acid (atRA) mediated growth inhibition results in the arrest of 

the cell cycle during the G1 phase in CAOV3 cells but not SKOV3 ovarian carcinoma 

cells. The G1 checkpoint is regulated by a multitude of molecules such as the 

retinoblastoma family of proteins, cyclins, cyclin dependent kinases (CDKs) and cyclin 

dependent kinase inhibitors (CDKis). CAOV3 cells, which are atRA sensitive, have been 

shown to express p16, a cyclin dependent kinase inhibitor regulating the G1 checkpoint. 

However, atRA resistant SKOV3 cells do not express p16.  

 In these studies, we investigated the role of p16 in mediating atRA induced 

growth arrest. Our results show that overexpression of p16 in SKOV3 cells leads to 

growth inhibition following atRA treatment. However, the inhibition is short-term due to 

the loss of p16 expression. Nevertheless, these results show that p16 plays a role in atRA 

mediated growth inhibition in ovarian carcinoma cells and that modulation of p16 

expression can determine the growth response to atRA. 

 Additionally, we also examined the effect of atRA treatment on the expression of 

homeobox genes in the CAOV3 cells and SKOV3cells model system. Homeobox genes 

comprise a family of transcription factors which function during embryonic development 
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to control pattern formation, differentiation and proliferation. Besides their dominant role 

during embryogenesis, they are also expressed in adults. In human tumors, an association 

between the deregulation of the expression of homeobox genes and oncogenic 

transformation has been reported. It is known that some homeobox genes are atRA 

targets due to the presence of retinoic acid response element (RARE) either in their 

promoter region or in their 3’ region.  

 In these studies we examined the expression of 13 homeobox genes in CAOV3 

cells and SKOV3 cells following ethanol or atRA treatment. The 13 homeobox genes 

were analyzed because previous studies done by our laboratory observed differences in 

expression of these homeobox genes when comparing atRA sensitive oral squamous 

carcinoma cells (SCC) to atRA resistant oral squamous cell carcinoma cells. Of the 13 

homeobox genes analyzed in the ovarian carcinoma cell model system, we found 

HOXA1 and HOXB4 to be upregulated by atRA in CAOV3 cells but not in SKOV3 

cells. We also found that the induction of HOXA1 and HOXB4 mRNA expression in 

CAOV3 cells occurred as a respond to atRA treatment and is not due to a generalized 

response because of overall growth reduction. 

 Interestingly, HOXA1 has two alternatively spliced forms. The mRNA expression 

of the truncated form of HOXA1 is highly induced by atRA when compared to its full 

length form.  HOXB1, which is HOXA1 target gene, was not upregulated following atRA 

treatment.  

These results suggest that: 1) expression of p16 plays a role in mediating atRA 

growth inhibition; 2) HOXA1 and HOXB4 also play a role in mediating growth 
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suppression by atRA; and 3) the truncated form of HOXA1 is induced by atRA treatment 

and may play a role in mediating growth inhibition by atRA, perhaps by acting in a 

dominant negative fashion.    
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CHAPTER 1 

 

INTRODUCTION 

 

Ovarian Cancer 

 

General 

 Ovarian cancer is the most lethal tumor of the female genital tract. According to the 

American Cancer Society, it is the fifth leading cause of cancer related death among women. 

Ovarian cancer develops when there is an abnormal malignant growth of cells in the tissues of 

the ovaries, which are part of the female reproductive system that generate the ova. The cancer 

can either form in the cells in the ova or in the cells on the surface of the ovary. In the United 

States, more than 20,000 new cases of ovarian cancer are diagnosed each year and more than 

15,000 women die from the disease every year. This number has not changed significantly since 

2000. The reason for such a high death rate is because the disease is often not detected until it 

has already spread into adjacent tissues and organs. When detected at an early stage (before the 

tumor has spread to other tissues or organs), the 5 year survival rate is about 90%. Unfortunately, 

only 20% of the cases are detected at an early stage because symptoms are usually not observed 

at the early stages. However, once the tumor spreads to other tissues and organs, the 5 year 

survival rate decreases to almost 18%. Even with surgery and aggressive chemotherapy, the 

overall prognosis for these patients remains poor (Modugno, 2003). 
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Etiology 

 The etiology of ovarian cancer is still debatable. Below is a list of hypotheses 

explaining the possible cause of ovarian cancer: 

- The incessant ovulation hypothesis proposes that recurrent microtrauma to the epithelial 

cells of the ovary with each ovulation results in mutation and malignant transformation 

(Fathalla, 1971). 

- The pituitary gonadotropin hormone hypothesis implies high levels of follicle stimulating 

hormone or leutenizing hormone in the extreme proliferation of ovarian surface epithelial 

cells leading to malignant transformation (Cramer and Welch, 1983)  

- The androgen/progesterone hypothesis (Risch, 1998) suggests that androgens produced in 

postmenopausal ovaries augment the risk of ovarian cancer while the progesterone plays 

a protective role in ovarian cancer. 

- The inflammation hypothesis (Ness and Cottreau, 1999) implicates inflammatory agents 

like talc and conditions like endometriosis and pelvic inflammatory disease in the 

development of ovarian cancer. 

- The ovarian stromal hyperactivity hypothesis (Cramer et al., 2002) believes that some of 

the steroid producing granulosa and thecal cells of the ovary do not undergo apoptosis 

and remain in the ovarian stroma. The residual cells may cause greater lifetime exposure 

to ovarian steroids and consequently cancer. 

 Despite the many hypotheses suggested above, none of these hypotheses fully support 

the available epidemiological observations. The subtypes of epithelial ovarian cancer have 

distinct molecular aberrations and transcriptional signatures. Their morphological features 

resemble the specialized epithelia of the reproductive tract that derive from the Műllerian ducts. 
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Cheng et al. (2005) propose that they might all arise from one surface epithelium precursor cell 

induced to differentiate along a specific path regulated by embryonic pathways involving the 

HOX genes. Since HOX genes are not usually expressed in ovarian surface epithelium, to find 

HOX genes expressed in ovarian carcinoma cells and tumors suggest that they induce the de-

differentiation of the ovarian surface epithelium to distinct Műllerian lineages, giving rise to 

tumors characteristic of serous, endometrioid and mucinous ovarian tumors. The sex steroids 

regulate HOX expression throughout the menstrual cycle. Prolonged exposure to the ovarian 

surface epithelium to these hormones may contribute to inappropriate HOX activation, leading to 

proliferation and genomic instability (Hennessy et al., 2009).    

 

Risk Factors of Ovarian Cancer  

  

 Epidemiological studies propose that risk for epithelial ovarian cancer increases with 

the factors mentioned below. These risks account for more than 90% of malignant ovarian 

tumors.  

Age: the risk of getting ovarian cancer increases dramatically after 50 years of age. In the 80 year 

old group, there is a maximum incidence with 61.8 cases per 100,000 women when compared to 

15 cases per 100,000 women in the 40 year old group (Edmondson and Monaghan, 2001). 

Race: In the US, Caucasian and Hawaiian women have the highest incidence rate of ovarian 

cancer, followed by African-American, Hispanic, Asian, and finally Native American women. 

Worldwide, we see a higher incidence rate among Caucasian of North America and Northern 

Europe. There are 12.4 cases per 100,000 versus 6.6 cases per 100,000 in sub Saharan Africa.  
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Family history: Miki et al. (1994) have shown that approximately 90% of familial ovarian 

cancers are due to mutations in the BRCA1 and BRCA2 genes. The risk of developing ovarian 

cancer as a carrier of a mutated BRCA gene has been estimated at approximately 15-60%. The 

lifetime risk for a woman developing ovarian cancer is 1.6%. The risk augments when a first-

degree family member and relatives have a history of ovarian cancer, breast cancer or even 

endometrial cancer. .    

Parity: The risk for ovarian cancer decreases by 50% with just a single full term pregnancy and 

continues to decline at each additional pregnancy. Other factors that reduce the number of 

ovulation cycles in a woman such as lactation and use of oral contraceptives for more than 5 

years are also associated with decreased risk of ovarian cancer.  

Obesity: A study from American Cancer Society found a higher rate of death from ovarian 

cancer in obese women. Obese women with body mass index of at least 30 have higher risk of 

developing ovarian cancer.  

Gynecologic surgery: Tubal ligation may reduce the chance of developing ovarian cancer by up 

to 67%. A hysterectomy also seems to reduce the risk of getting ovarian cancer by about one-

third.  

Hormone therapies: Women using estrogens for 5 to 10 years after menopause have an 

increased risk of developing ovarian cancer. The risk is less certain for women taking both 

estrogen and progesterone. 

Diet: The risk of ovarian cancer is lower in women following a low-fat diet and high in 

vegetables. The American Cancer Society recommends eating at least 5 servings of fruits and 

vegetables every day, as well as several servings of whole grain foods from plants sources. 
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Fertility drug usage: Researchers have found that prolonged use of fertility drugs such as 

clomiphene citrate, especially without achieving pregnancy are associated with increased risk of 

ovarian cancer. Women who took clomiphene for 12 ovulatory cycles reportedly showed higher 

rates of ovarian cancer compared to women who have taken it for fewer cycles or not at all 

(Rossing et al., 1994). However, since infertility itself is a risk factor for ovarian cancer, there is 

no clear evidence that links fertility treatments to increased risk of ovarian cancer.  

  

Histologic Classification of Ovarian Cancer 

 

 There are three major types of ovarian cancer. They are named according to the cell 

type origin: epithelial, germ and stromal. Of the three major types, epithelial ovarian tumors 

account for the majority of malignant ovarian tumors (85%-95% of all cases). The epithelial 

surface of the ovaries has the same embryological origin as the mucosa of the fallopian tubes, 

endometrium, cervix and upper vagina. Tumors deriving from these structures are classified 

together due to their origin. Table 1 lists the subtypes of ovarian cancer according to their 

histology and the frequency of occurrence. Serous tumors are considered to be more aggressive 

while mucinous and endometrioid tumors are usually confined to the ovary because they are 

often detected early. Clear cell tumors are also usually discovered early. The histological 

subtype, on the other hand, does not seem to have any correlation to prognosis (Friedlander, 

1998).  
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Surface Epithelial Tumors                                                                   79-84%   

Serous tumors                                                                                     40% 

Mucinous tumors                                                                                20% 

Endometrioid tumors                                                                          5% 

Clear cell tumors                                                                                 2% 

Brenner tumors                                                                                    2% 

Undifferentiated carcinoma                                                                5-10% 

Germ cell tumors                                                                                  <15%   

Teratoma                                                                                             10% 

       Mature (Dermoid cycst) 

       Immature 

Dysgerminoma                                                                                    5% 

Yolk sac carcinoma                                                                             Rare 

Embryonal carcinoma                                                                         Very rare 

Choriocarcinoma                                                                                 Very rare 

 

Gonadal stroma tumors                                                                        <5-8%   

Granulosa-theca cell tumor                                                                 2% 

Thecoma-Fibromas                                                                             3% 

Sertoli-Leydig cell tumors                                                                  Rare                                                      

 

Metastatic tumors                                                                                 Common  

Műllerian Origin 

      Uterus 

      Fallopian tube 

      Contralateral ovary 

      Pelvic peritoneum 

Breast 

G.I tract 

      Stomach 

      Biliary tract 

      Pancreas 

 

Table 1. Histopathologocal Types of Ovarian Cancer and Their Frequency 
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Stages of Ovarian Cancer 

 The different stages of cancer depend on the extent of disease and how widespread it is. 

For ovarian cancer, the stages are based on the extent of the primary tumor, the involvement of 

the nearby draining lymph nodes and the presence of distant metastasis. The accuracy of the 

staging could determine if the patient will be cured or not. Ovarian cancer is staged using 

guidelines developed by the International Federation of Gynecology and Obstetrics (FIGO- 

Fédération Intérnationale de Gynécologie et d‟Obstetrique) (Shepherd, 1989) Table 2 lists the 

various stages of ovarian cancer (Eitan and Chi, 2005). All stages, except IV, are further divided 

into three sub-stages. Approximately 13%, 7%, 37% and 21% of women present with stage I, II, 

III and IV, respectively, according to National Cancer Data Base.
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Table 2. Stages of Ovarian Cancer (FIGO Stages) 

 

I Tumor confined to ovaries  

IA Tumor limited to one ovary, capsule intact 

No tumor on ovarian surface 

No malignant cells in the ascites or peritoneal washing 

 

 

IB Tumor limited to both ovaries, with any of the following: 

No tumor on ovarian surface 

No malignant cells in the ascites or peritoneal washing 

 

 

IC Tumor limited to one or both ovaries, with any of the following:  

Capsule ruptured 

Tumor on ovarian surface 

Positive malignant cells in the ascites or positive peritoneal washing 

 

 

 

II 

 

Tumor involves one or both ovaries with pelvic extension 

 

 

IIA Extension or implants in uterus and/or tubes 

No malignant cells in the ascites or peritoneal washing 

 

 

IIB Extension to other pelvic organ 

No malignant cells in the ascites or peritoneal washing 

 

 

IIC IIA/B with positive malignant cells in the ascites or peritoneal washing 

 

 

 

III 

 

Tumor involves one or both ovaries with microscopically confirmed 

peritoneal metastasis outside the pelvis and/or regional lymph-node 

metastasis 

 

 

IIIA Microscopic peritoneal metastasis beyond the pelvis  

IIIB Microscopic peritoneal metastasis beyond the pelvis 2 cm or less in greatest 

dimension 

 

 

IIIC Microscopic peritoneal metastasis beyond the pelvis 2 cm in greatest 

dimension and/or regional lymph-node metastasis 

 

 

 

  IV 

 

Distance metastasis beyond the peritoneal cavity 

 

 

 Stage           Areas Reached                                                                     

(Parakrama Chandrasoma and Clive R. Taylor, Concise Pathology, 3
rd

 edition, 1998) 
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Table 3 lists the relative survival rate of ovarian cancer in each stage. These numbers are from 

American Cancer Society, with the information last revised Jun 2011. As a prognostic indicator, 

the 5-year survival rate refers to the percentage of patients who live at least 5 years after the 

diagnosis of ovarian cancer. The survival rate increases when the stage is lower. Since most 

ovarian cancer is not discovered until stage III or stage IV, the survival rate for these women is 

very low. These cancers tend to be more aggressive and more refractory to conventional 

treatments. This demonstrates the need for improved treatments for advanced ovarian carcinoma.    

 

Table 3. Survival Rates of Different Stages of 

Ovarian Cancer 

 

 

Stage 

 

 

Relative 5-Years Survival Rate 

I 

IA 

89% 

94% 

IB 91% 

IC 80% 

II 

IIA 

66% 

76% 

IIB 67% 

IIC 57% 

III 

IIIA 

34% 

45% 

IIIB 39% 

IIIC 35% 

IV 18% 
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Grading of Ovarian Carcinomas 

 Grading is performed by histopathology evaluation of the tumor. It is based on the degree 

of cellular differentiation, the frequency of atypical mitoses and tumor necrosis. The cancers are 

thus classified as grade I through grade III with increasing anaplasia. The chances of cancer 

spreading increase as the grading gets higher (Baak et al., 1986). The grading of ovarian 

epithelial cancer has limited prognostic significance since some well differentiated tumor cells 

may still be very aggressive. Therefore grading of cancers is of less clinical value than staging.      

 

Table 4. Grades in Ovarian Cancer 

Grade 1 Well differentiated – looks similar to normal ovarian tissue 

Grade 2 Not as well differentiated – looks less like ovarian tissue 

Grade 3 Poorly differentiated – does not look like ovarian tissue 

 

 

Screening of Ovarian Cancer 

 An early diagnosis is crucial for an increased survival rate for patients with ovarian 

cancer. However, early detection is usually difficult because the disease is asymptomatic. As a 

result, only 19% of all cases are detected at the early stage when the cancer is localized. 

Currently, bimanual pelvic examination and transvaginal ultrasound with or without color 

Doppler flow imaging are used for screening with varying degrees of effectiveness (Anderiesz 

and Quinn, 2003)  The vaginal-rectal pelvic examination involves feeling the uterus and ovaries 

for abnormalities in shape or size. Though commonly used, this method does not detect early 

stage cancers.    
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 A tumor marker found elevated in 80% of patients with ovarian cancer called CA-125 

is useful as a diagnostic tool. CA-125 is a 200KD glycoprotein and is detectable in the blood 

(Bast et al., 2004; Modugno, 2003). However, many common benign and pathological conditions 

as well as pre-menopausal women going through pregnancy may have increased level of CA-125 

(Rustin, 2004). On the other hand, transvaginal ultrasonography (TVS) diagnosis in combination 

of CA-125 measurement can increase the specificity of detection (Hennessy et al., 2009). 

Besides CA-125, other protein such as leptin, prolactin, osteopontin and insulin-like growth 

factor II have been evaluated and showed promises as markers (Mor et al., 2005).    

 Proteomic techniques are revolutionizing our ability to screen for this disease. They are 

used to identify differentially expressed proteins in sera of ovarian cancer patients from healthy 

individuals. Using microarray analysis, several genes have been found to be up-regulated 

compared to normal ovarian cancer. Some of the genes such as MUC1, VEGF, mammoglobin, 

osteopontin and HE4 had been previously reported. Many other differentially expressed genes 

have been identified by microarray analysis. Of the many up-regulated genes, CA-125, HE4, 

MUC1, VEGF and claudin-3 were identified by statistical analysis to distinguish ovarian cancers 

from normal ovarian epithelial cells. Moreover, 100% of ovarian cancers were detected by 

immunohistochemistry with antibodies against claudin-3, CA-125, MUC1 and VEGF in tissue 

arrays (Lu et al., 2004). 

 Microarray technology also provides the opportunity to establish correlation between 

global transcript expression patterns of ovarian cancers and the different stages of the disease as 

well as resistance to various treatment options. It therefore identifies potential new targets for 

treatment of this disease. Using microarray profiling, more and more groups have identified 
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distinct ovarian cancer tumor subgroups that have distinct molecular expression profiles that 

correlate with distinct prognoses.  

 Several proteomic techniques have been used to distinguish proteins in sera of ovarian 

cancer patients from healthy individuals. One of the initial studies reported that surface enhanced 

laser desorption and ionization (SELDI) analysis can provide high specificity and sensitivity by 

analysis of protein expression pattern in ovarian cancer patients (Petricoin et al., 2002). Levels of 

apoliprotein A1 and transthyretin were reduced while heavy chain 4 of inter-α-trypsin inhibitor 

was increased in sera of patients with stage I ovarian cancer. Lipomics has also been used as a 

potential tool to identify patients with ovarian cancer. It was reported that more than 70% of 

patients with stage I ovarian epithelial tumors have elevated levels of lysophosphatidic acid in 

the plasma (Xu et al., 1998).       

The FDA had recently approved the OVA1 test (Quest Diagnostics, Madison NJ). OVA1 

is used to determine malignancy in the pre- and post-surgical settings. It calculates a numerical 

score based on the result of immunoassays using 5 protein biomarkers: prealbumin, Apoliprotein 

A-1, Beta2-Microglobulin, Transferrin and CA-125.  Mass spectrometry-based  tests that are not 

FDA approved yet include OvaCheck (Correlogic Systems, Germantown, MD) that utilizes 

electrospray ionization (ESI) type of mass spectrometry analysis of samples of diluted and 

denatured sera and a NCI/FDA proteomics technology that uses matrix-assisted laser desorption 

ionization (MALDI) mass spectrometry analysis of undiluted native sera samples (Kim at al., 

2011).  

Lastly, the most accurate method of diagnosing ovarian cancer is through pathological 

studies of biopsy specimens. However, it is impractical to have the majority of women 

undergoing laparoscopic procedure to detect early ovarian cancer. Therefore, the existence of 
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novel and easier tests mentioned above will finally allow only patients with aberrant results to 

proceed to more complex but thorough procedures.  

 

Treatment of Ovarian Cancer  

Treatment options for ovarian cancer are surgery, chemotherapy and radiotherapy. The 

choice of treatment normally depends on the type of the cancer and the stage of the disease. 

Health and age of the patient may also play a role in the treatment options.  

Surgery is the commonly employed mode of treatment where the aim is to remove the 

tumor from the patient as much as possible. The typical surgery performed is total hysterectomy 

with bilateral salpingo-oophorectomy (removal of fallopian tubes and ovaries), omentectomy 

(removal part or all of the thin tissue lining the abdomen that surrounds the stomach and other 

organs in the abdomen) and abdominal lymph node biopsy.  

Radiotherapy uses high energy x-rays to kill or shrink cancer cells. The radiation may 

come from outside the body or from radioactive materials placed directly into or near the tumor. 

Some women receive intraperitoneal radiation therapy, in which radioactive liquid is put directly 

in the abdomen through a catheter. However, radiation therapy is rarely used as the main 

treatment for ovarian cancer. 

Cancer chemotherapy is performed for women in stage III ovarian cancer following 

cytoreductive surgery. There are several ways to administer the chemotherapy. It can be injected 

into a body cavity, administered through a vein or delivered orally in the form of a pill. The 

standard first line chemotherapeutic regimen involves a combination of two drugs: taxane based 

drug such as paclitaxel and a platinum based drug- either cisplatin or carboplatin. Some women 

may benefit from intraperitoneal therapy (administration of chemotherapy directly into the 
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abdomen) as well as intravenous administration (Armstrong et al., 2006). When the tumors 

have progressed or return after first-line chemotherapy, a second-line chemotherapy is 

administered. The choice of drugs depends mostly on which drugs were administered for the 

first-line therapy and how long it has been since the first-line therapy was stopped. There are 3 

chemotherapy drugs approved by the Food and Drug Administration (FDA) for the treatment of 

ovarian cancer that has returned: Gemzar (gemcitabine HCl for injection) plus another 

chemotherapy, carboplatin, is indicated for the treatment of ovarian cancer in women whose 

cancer has returned 6 months after their first-line therapy; Hycamtin (topotecan HCl for 

injection) is indicated as a single agent (one drug) for the treatment of ovarian cancer upon 

failure of first-line therapy; and Doxil (doxorubicin HCl liposome injection) is approved for use 

to treat women whose cancer has returned following first-line therapy (Chan, 2003).  

Biological therapies such as targeted therapies are used in combination to enhance 

chemotherapy. Targeted therapies use inhibitors of molecular pathways contributing to 

carcinogenesis, for example, epidermal growth factor receptor (EGFR), HER2, vascular 

endothelial growth factor (VEGF), and poly-(ADP-ribose)-polymerase. If these follow-up 

treatments fail, some patients are further enrolled in a clinical trial when treatment options are 

exhausted. This aids in the development of better treatment for the future (Kim et al., 2011).  

Although not traditionally considered responsive to immune therapy, increasing evidence 

indicates that ovarian cancers are immunogenic tumors. A signature of antitumor immune 

response activation was identified in tumors with intraepithelial T cells, also known as tumor-

infiltrating lymphocytes (TILs). Zhang et al. (2003) has first reported that patients with TILs 

experienced longer progression-free and over-all survival as compared with patients lacking 

them. Others found that increased T-regulatory T cells (Treg) predicts poor survival in patients 
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(Curiel et al., 2004, Sato et al., 2005). Ovarian cancer cells express programmed death ligand I 

(PD-LI or B7-HI). PD-LI is a ligand for the immunosuppressive T-cell receptor PDI. It blocks T-

cell responses and reduces intraepithelial TILs, which leads to decrease in survival rate 

(Himanishi et al., 2007). The association of intraepithelial T cells with prolonged survival 

suggests that ovarian cancers are intrinsically immunogenic. Vaccines have been the main 

approach to ovarian cancer immunotherapy. Patients are normally vaccinated with monovalent or 

heptavalent vaccines against carbohydrate epitopes. One example is the vaccination with anti-

idiotype ACA-125, which is an analog of CA-125. This resulted in generation of CA-125-

specific antibodies and prolonged survival (Reinartz et al. 2004). However, lack of well 

characterized rejection antigens and significant molecular heterogeneity of the disease limit the 

efficacy of these types of vaccines. Other types of vaccines include whole tumor antigen 

vaccines created using tumor cells, autologous tumor lysate, or tumor derived RNA as well as 

viruses. No matter what kind of vaccine was used, their drawback stems from the inability to 

elicit a rapid and overwhelming T-cell response, which is required to reject established tumors 

(Kandalaft et al., 2011).     

The application of adoptive T-cell therapy offers an important opportunity in the 

treatment for ovarian cancer. In the early 1990s, studies using TILs revealed objective antitumor 

responses, though they were short lived. Stage III patients treated with consolidation adoptive 

transfer of expanded TILs after completion of cisplatin-based first-line chemotherapy had a 3 

year overall survival rate of 100% compared to control patients receiving only chemotherapy 

(67.5%) (Fujita et al., 1995). Using animal studies, the hosts were lymphodepleted before T-cell 

transfer. This method enhanced persistence of T cells and antitumor response. T-cell persistence 

correlates with long lasting responses (Dudley et al., 2005). Through optimization of preferential 
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expansion of specific T-cell phenotype and host/tumor conditioning, the use of adoptive 

therapy is definitely feasible in the treatment of ovarian cancer.     

Nanotechnology is a rather young field that can be defined as the practical application of 

nanoscience leading to a process or a product that is based upon individual or multiple integrated 

nanoscale (1-100nm) components. In the biological field, this is called nanobiotechnology. 

Researchers are looking toward this technology in an attempt to improve the diagnosis and 

therapy of various diseases, including cancers. One of the improvements in ovarian cancer 

therapy is the use of nanocarriers such as liposomes, nanogels, dendrimers, gold and chitosan 

nanoparticles specifically target ovarian cancer cells, protecting normal cells from cytotoxic 

effects of therapeutic agents. There are two ways to target the cancer cells: passive and active 

targeting. Passive targeting makes use of the intrinsic cancer properties that lead to the 

accumulation of nanocarriers in the cancer tissue. Doxorubicin showed efficacy when used in 

pegylated liposomal form with liposomes that are functionalized by polyethylene glycol (PEG). 

Active targeting, on the other hand, uses the principle of ligand-receptor recognition to deliver 

the chemotherapeutic agent directly to the cells exhibiting a specific receptor (Kim et al., 2011). 

An example of active targeting is the use of CA-125 antigen as a bifunctional fusion protein 

composed of a variable chain of anti-CA-125 fused to strepavidin which binds to biotinylated 

liposomes (Wang et al., 2007). Since nanocarriers, phototherapy, nitric oxide (pro-apoptosis) and 

gene therapy/gene silencing can target only the ovarian cancer cells, toxicity is minimized in 

non-cancerous cells. Nevertheless, like other kinds of treatment, nanotechnology comes with its 

own challenges such as biocompatibility, toxicity, stability and lack of training in this area for 

bio-scientists.    
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Retinoids 

Wolbach and Howe (1925) were pioneers in providing evidence linking vitamin A 

deficiencies and alterations within human cells leading to malignancies. Since then, studies were 

established connecting vitamin A deficiency and cancer. Laboratory research has provided 

insight into the intracellular targets, various signaling cascades and physiological effects of the 

biologically-active natural and synthetic derivatives of Vitamin A or retinoids. These findings 

open up the possibility that retinoids can act as chemopreventive or chemotherapeutic agents 

because of their role in directing the tumor cells to either differentiate, growth arrest, or undergo 

apoptosis. Continued elucidation of the specific components of the retinoid signaling pathway is 

essential to establish their use as effective therapeutics for tumor subtypes whose oncogenic 

intracellular signaling pathways can be blocked or reversed by treatment with retinoids.    

 

Functions and Structure of Retinoids 

Retinoids include over 4000 different natural and synthetic derivatives of vitamin A. 

Vitamin A is a fat-soluble nutrient essential for various body functions such as growth, vision, 

immune function, reproduction, embryonic development and differentiation as well as 

proliferation of epithelial tissue (De Luca et al., 1995). Vitamin A deficiency poses many 

significant health consequences such as retardation, loss of vision, immunodeficiency, night 

blindness, shortening and thickening of bones, atrophy of the testes and fetal reabsorption 

leading to increased morbidity and mortality (Shils et al., 2006). However, too much vitamin A 

causes toxicity and leads to significant health problem as well. For example, in infants, vitamin 

A hypervitaminosis leads to pseudotumor cerebri, double vision, vomiting and drowsiness. In 

children, it can cause abnormal softening of the skull bones, decreased appetite and itchy skin. 
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Overdose of vitamin A causes skin and hair condition to be extremely oily. In adults, 

symptoms include headache, nausea, vomiting, visual change and yellowish discoloration of the 

skin. 

 The human body cannot synthesize vitamin A naturally. Therefore it must be ingested as 

a dietary provitamin such as β-carotene or as preformed retinol or its esters. The major dietary 

source of vitamin A is β-carotene and is abundant in green-leaf vegetables, carrots, sweet 

potatoes and egg yolks. An enzyme called 15-15‟ β-carotene oxygenase, located in the intestinal 

epithelium, will cleave each molecule of β-carotene to form retinal. Retinal can be either 

irreversibly oxidized to all-trans retinoic acid (RA) by retinal dehydrogenase or reduced to 

retinol, the major transport form of vitamin A, by retinaldehyde reductases, a NADPH dependent 

enzyme. Another major dietary source of vitamin A is retinyl esters, which are found in milk, red 

meat products, and liver. Retinyl esters, the major storage of vitamin A, can be hydrolyzed into 

retinol in the small intestine. Retinol is then absorbed by the intestinal mucosa cells through 

passive diffusion and forms a complex with cellular retinol-binding protein II (CRBP II).  

 Regardless of the dietary source of vitamin A, retinol is esterified by lecithin-retinol-acyl 

transferase in the intestinal mucosa cells. Chylomicrons deliver retinyl ester to the liver and to 

the tissue of the bone marrow, spleen, adipose tissue, and the kidneys, to a lesser extent. When 

the body is in need of vitamin A, retinyl esters in the liver are hydrolyzed to retinol and 

transported to the needy tissues bound to retinol binding protein (RBP). In cells, oxidation occurs 

in the microsomes which transforms retinol to retinal by the enzyme retinaldehyde reductase. 

This step is reversible and thus, retinal can be converted back to retinol. Retinal is then 

transported to the cytosol and further oxidized to retinoic acid (RA) by the enzyme retinal 

dehydrogenase. (Soprano et al., 2006; Bloomhoff et al., 2006).  
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Retinoids are composed of three structural moieties: a polar terminal end, a conjugated 

side chain and a β-ionone (cyclohexenyl) ring. Retinol, retinal and retinoic acid are the most 

important natural retinoids. They differ by their end group and this determines their function in 

vivo. Retinol is the alcohol form. The aldehyde component, retinal, is active in vision. It is the 

light sensitive pigment for rhodopsin in the retina. Retinoic acid is the bio-active form of vitamin 

A (Figure 1). These structural moieties give retinoids their hydrophobic property and thus their 

lack of stability in the presence of oxygen and acidic pH. When exposed to light, retinoids are 

catalyzed to the isomers, 9-cis-RA and 13-cis-RA (Figure 2).   

All-trans retinoic acid (atRA), with its two naturally occurring isomers, 9-cis RA and 13-cis 

RA, is the most bio-active form of vitamin A. Various functions in the cells are mediated by 

atRA, except in vision where retinal plays a major role. Synthetic retinoids are produced in the 

laboratory such that their bioactive retinoid derivatives are structurally and functionally similar 

to natural retinoids. They are made in such a way that they mimic the functional activity of the 

naturally occurring retinoids while minimizing the toxicity at therapeutic doses. Synthetic 

retinoids can act as either agonist or antagonist in either pan- or selective-retinoid receptor 

binding. The restriction of the retinoids conformation has been shown to reduce the binding of a 

subset of the receptors and hence provide a more fused physiological effect (Willhite, 1990). 

Fenrentinide or N-(4-hydroxyphenyl) retinamide (4-HPR) and 6-[(1-adamantyl)-4-

hydroxylphenyl]-2-naphthalene carboxylic acid (AHPN/CD437) are clinically important 

conformationally synthetic retinoids that selectively bind RAR-γ (Fanjul et al., 1996) (Figure 2). 

While naturally occurring retinoids induce differentiation and growth arrest, synthetic retinoids 

inhibit cell growth through induction of apoptosis (Fanjul et al., 1996; Sheikh et al., 1993). 
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Figure 1. Structures of Retinol, Retinal and Retinoic Acid. Retinoids have three functional 

moieties: a polar end, a conjugated side chain and a cyclohexenyl ring. Alcohol group forms retinol, 

aldehyde group forms retinal and carboxylic acid forms retinoic acid. 
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Figure 2. Natural and Synthetic Retinoids. 9-cis-RA and 13-cis-RA are natural isomers of ATRA. 4-

HPR and CD437 are conformationally restricted synthetic retinoids. 
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Retinoid Mechanism of Action 

 Retinoid activity is mediated at least in part by cellular retinol or cellular retinoic acid 

binding proteins (CRBP and CRABP), which sequester the retinoid and facilitate transport to 

different enzymes involved in its metabolism (Takase et el., 1986). Once in the nucleus, the 

retinoid signal is transduced by two families of nuclear receptors, the retinoic acid receptor 

(RAR) family and the retinoid X receptor (RXR) family. RARs and RXRs include three isotypes 

(designated α, β, and γ), which are encoded by three different genes. Each isotype consists of a 

number of isoforms that are generated by the mechanisms of alternate promoter usage or by 

alternative splicing of transcripts (Giguere et al., 1987; Kastner et al., 1995). These receptors, 

which function as ligand-activated transcription factors, exist as RAR/RXR heterodimers and to 

a lesser extent as RXR/RXR homodimers (Tsai et al., 1994). 

 RAR and RXR proteins contain six functional domains based on homology between 

retinoid receptors and other steroid thyroid nuclear hormone receptors. Figure 3 shows the 

domain structure of human retinoid nuclear receptors. Domain A/B is the ligand independent 

transactivation (AF-1) domain. Domain C is the DNA binding domain (DBD) that contains a 

pair of zinc fingers. The DBD targets the retinoid nuclear receptor to a specific DNA sequence 

called the retinoic acid response element (RARE). Domain D is the hinge region where nuclear 

receptor co-activators and co-repressors bind. Domain E is the ligand binding and ligand 

dependent transactivation (AF-2) region. The C and E domains have been reported to be 

responsible for dimerization (Chambon, 1996). Domain F has no defined functions in RAR 

receptors while RXR proteins do not contain domain F. The C and E domains are highly 

conserved between three subtypes of RAR and RXR with 91%-97% homology.  
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 In the presence of their natural ligands, 9-cis-RA in the case of RXR and 9-cis-RA and 

atRA in the case of RAR, the ligand receptor complexes act as inducible transcription factors by 

binding to RAREs in the promoter regions of target genes (Schrader et al., 1994). Two types of 

RAREs in the promoter region of retinoic acid regulated genes bind the RAR/RXR heterodimer, 

the DR-2 type and DR-5. DR-5 is more common than the former (Predki et al., 1994). The 

RXR/RXR homodimers, on the other hand, bind to another type of RARE, DR-1 (Figure 4). All 

of the DRs are composed of two hexameric canonical 5‟PuG(G/T)TCA3‟ repeat sequences 

spaced 1 to 5 bps apart, respectively (Kato et al., 1995). In the absence of ligands, co-repressors 

such as nuclear receptor corepressor (NCoR) or silencing mediator for retinoid and thyroid 

hormone receptors (SMRT) associate with the RAR/RXR heterodimer and recruit histone 

deacytelase (HDAC)-containing complexes that consequently lead to the compaction of 

chromatin. When a RAR ligand is available, it destabilizes the CoR-binding interface and 

induces trans-conformation change that allows the interaction with co-activators (CoAs). These 

CoAs can activate the RAR/RXR dimers by recruiting histone acetyltransferases (HATs) which 

lead to chromatin decondensation over the target gene promoter region (Chen et al., 1995; 

Lavinsky et al., 1998). It is now well established that at least one of the mechanisms by which 

retinoids carry out their functions is by activating or repressing specific genes via the actions of 

RAR/RXR nuclear receptors.  

 Recently, atRA has been shown to mediate gene transcription and other physiological 

effects in a non-genomic manner. PEPCK( Lee at al., 2002) and c-Fos (Cañón et al., 2004), 

though sensitive to atRA treatment, do not contain a recognizable RARE. Lee et al. (2002) has 

shown that atRA activates the p38β kinase pathway leading to phosphorylation and activation of 

ATF-2. ATF-2 is required to enhance PEPCK gene transcription and glucose production. In 
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neuronal cells, atRA induces a rapid stimulation of ERK1/2 that is needed to phosphorylate 

cyclic AMP response element binding protein (CREB) leading to CREB-dependent 

transcriptional activity and activation of c-fos (Cañón et al., 2004). The observation that atRA 

activation occurs solely through non-genomic signaling and not through transcriptional 

regulation is supported by the fact that one can block atRA function by the use of appropriate 

kinase inhibitors to block atRA activation of phosphorylation but not by the use of transcriptional 

or translational blocking agents (Dey et al., 2007; Chen and Napoli, 2008).  

 It should be noted that RARs have been shown to mediate the non-genomic effects of 

atRA. Masia et al. (2007) have shown that RARs are required for atRA mediated activation of 

P13K and ERK1/2 MAPK signaling pathways through a rapid non-genomic mechanism. Dey et 

al (2007) showed that in presence of atRA, RARs binds to and catalytically activates c-SRC 

kinases by integrating membrane/cytoplasmic events together with nuclear transcriptional effects 

to coordinate differentiation.     
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Figure 3. The modular structure of human retinoid nuclear receptor. Retinoid nuclear 

receptors RAR and RXR can be divided into six domains (A-F). Region A and B contain 

ligand-independent transcriptional transactivation function (AF-1). Domain A is type and 

isoform-specific, whereas domain B is moderately conserved. Domain C, which contains two 

zinc fingers, is the DNA-binding domain (DBD). Domain D is the hinge region. Domain E is 

the ligand-binding domain (LBD) and contains ligand dependent transcriptional transactivation 

function (AF-2). The dimerization region is located in the LBD. The function of domain F is 

unclear. 
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Figure 4. Retinoic acid response element (RARE). RARE is located in the promoter regions of 

target genes and usually contain two direct repeats of the sequence AGGTCA. The spacer with 

different number of nucleotides (1 to 5) determines which receptor dimers preferentially bind to 

the response elements. Adapted from De Luca L., Darwiche N., Jones C., Scita G. Scientific 

American 1995 
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Cell Cycle 

 

General 

The cell cycle corresponds to a succession of events that occur in eukaryotic cells 

culminating in cell division when a cell needs to reproduce its DNA and separate the 

chromosomes so that a complete genome is inherited by each daughter cell. These events can be 

divided into two stages, interphase and mitotic phase. In interphase, the cell expands and 

accumulates all that is needed for mitosis. Interphase is further divided into three distinct phases 

called G1 phase, S phase, G2 phase. In the mitotic (M) phase, the cell divides into two daughter 

cells.  

In M phase, there are two tightly coupled processes: mitosis, where the cell chromosomes 

are replicated and divided between the two daughter cells and cytokinesis, where the cell 

cytoplasm divides forming two distinct daughter cells. Mitosis is further divided into 

preprophase, prophase, prometaphase, metaphase, anaphase and telophase. Activation of each 

phase depends on the appropriate progression and completion of the previous one. Cells that 

have stopped dividing are said to have entered a state of quiescence called G0 phase.    

Interphase occurs after M phase. The various stages of interphase are not easy to 

distinguish morphologically, but each phase of the cell cycle has a distinct set of specialized 

biochemical/molecular processes that prepare the cell for initiation of cell division (Figure 5).  

G1 phase: This is the first phase within the interphase. It extends from the end of the previous M 

phase to the beginning of DNA synthesis. G stands for gap or growth. During this phase, the rate 

of biosynthesis activities of the cells increases tremendously. This phase is marked by synthesis 

of various enzymes that are required in S phase, especially those needed for DNA replication.  
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S phase: S phase starts when DNA synthesis commences and terminates when all the 

chromosomes have been replicated. Rates of RNA transcription and protein synthesis are very 

low at this point, except for histone production, most of which occurs at this phase (Wu and 

Bonner, 1981; Nelson et al, 2002). The duration of S phase is relatively constant among cells of 

the same species (Cameron and Greulich, 1963).   

G2 phase: The cells will remain here until the beginning of mitosis. Protein synthesis involving 

the production of microtubules begins here. Microtubules are required during the process of 

mitosis. When protein synthesis is inhibited during G2 phase, the cells will not be able to 

undergo mitosis.   

G0 phase: Also known as „post-mitotic‟, it refers to both quiescent and senescent cells. Non-

proliferative cells in multicellular eukaryotes generally enter the quiescent G0 state from G1 and 

may remain quiescent for a long period of time, possibly indefinitely. This is very common for 

fully differentiated cells. Some cells, such as parenchymal cells of the liver and kidney, enter a 

G0 semi-permanent phase and can only be induced to begin dividing again under very specific 

conditions. Other cells such as epithelial cells continue to divide throughout the life of an 

organism. 

 

Cell cycle check points 

Cell cycle has three checkpoints to ascertain that incomplete or damaged chromosomes 

are not replicated and passed on to daughter cells. Figure 5 shows the different checkpoints 

which are G1, G2 and mitosis checkpoint. 

In mammalian cells, G1 checkpoint arrest is mediated by p53. In response to DNA 

damage, p53 is rapidly induced (Kaufmann, 1995). The gene that encodes p53 is frequently 
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mutated in human cancers. Loss of p53 function as a result of these mutations prevents G1 

arrest in response to DNA damage. This damaged DNA that is passed on to the daughter cells 

further increases the frequency of mutations as well as general instability of the cellular genome, 

leading to cancer development. Mutations in the p53 genes are the most common genetic 

alterations in human cancers. This demonstrates the critical importance of cell cycle regulation in 

the life of multicellular organisms (Hicks and Egan, 1991). 

G2 checkpoint occurs in G2 phase and prevents the initiation of mitosis until DNA 

replication is complete. This checkpoint detects non-replicated DNA, whereby a signal is 

generated leading to cell cycle arrest. G2 checkpoint therefore prevents the initiation of M phase 

before the completion of S phase, so cells remain in G2 until the genome has been completely 

replicated (Feilotter et al., 1992). The cell is then allowed to initiate mitosis and distribute the 

completely replicated chromosomes to daughter cells. When the DNA is damaged, progression 

through cell cycle is also arrested at this checkpoint so the DNA can be repaired, thereby 

preventing the damaged DNA from being replicated in S phase.  

 The final checkpoint exists in the cell cycle is the mitosis checkpoint. The mitosis 

checkpoint occurs at the end of mitosis and functions to maintain the integrity of the genome. It 

monitors the alignment of chromosomes on the mitotic spindle, thus ensuring that a complete set 

of chromosomes is distributed accurately to the daughter cells (Glotzer, 1996). Failure of one or 

more chromosomes to align properly on the spindle causes mitosis to arrest at metaphase, prior 

to the segregation of the newly replicated chromosomes to the daughter nuclei. The 

chromosomes do not separate until a balance of chromosomes occurs and are ready to be 

distributed to each daughter cell.  
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Figure 5. The cell cycle and checkpoints. The cell cycle is divided into 2 stages: interphase 

(G1, S and G2 phases) and mitosis (M). When cells stop dividing, they enter G0 phase. The three 

checkpoints to check for incomplete or damaged DNA are G1 checkpoint, G2 checkpoint and 

restriction checkpoint (mitosis checkpoint). Different cyclins and CDKS are involved in different 

phases of the interphase (http://hubpages.com/hub/cell_biology) 
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Regulation of cell cycle 

There are four classes of cell cycle regulatory molecules: cyclins, cyclin-dependent 

kinases (CDKs), cyclin-dependent kinase inhibitors (CDKi) and retinoblastoma proteins. They 

determine the progression of the cell through the cell cycle. Figure 6 summarizes the proteins 

involved in the regulation of the cell cycle.  

 

Cyclins and CDKs: CDKs are members of serine/threonine specific kinase family, have a 

conserved catalytic domain and an ability to undergo phosphorylation resulting in loss or gain of 

function (Mani et al., 2000). CDKs activity requires binding of regulatory subunits known as 

cyclins. Cyclins do not have catalytic activity and CDKs are inactive when not bound to cyclin. 

Once activated by a bound cyclin to form heterodimers, CDKs activate or inactivate target 

proteins via phosphorylation to orchestrate coordinated entry into the next phase of the cell 

cycle. Different cyclin-CDK combinations determine the downstream proteins targeted. CDKs 

are constitutively expressed in cells whereas cyclins are synthesized at specific stages of the cell 

cycle, in response to various molecular signals, and therefore regulate kinase activity in a timely 

manner (Hamel et al, 1997). There are 10 cyclins that belong to four different classes (A,B,D and 

E) and four CDKs, which are further divided into interphase CDKs ( CDK2, CDK4 and CDK6) 

and mitotic CDK (CDK1) (Malumbres et al., 2009).    

Passage through the restriction point in G1 phase, which include mid-G1 and late G1, is 

promoted by the D and E cyclins. There are three types of cyclin D (D1, D2 and D3) which are 

expressed in a tissue specific manner. All cyclin Ds bind to CDK4/6 and this holoenzyme 

phosphorylates and inactivates the tumor suppressor retinoblastoma (pRb) and promotes 

progression through G1-S phase. The phosphorylation of pRb results in release of E2F and DP1 
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transcription factors. They control the gene expression of G1/S transition, such as cyclin A, E 

and CDK2. The D cyclins are labile proteins, and because their holoenzyme activities decay 

rapidly, cells rapidly exit the cycle. Cyclin E forms complexes with CDK2 and further 

phosphorylates pRb, resulting in increased transcription factor release. CyclinE/CDK2 

holoenzyme is essential to drive the G1/S transition. Shortly after entry into S phase, cyclin 

A/CDK2 activity increases phosphorylation of a number of substrates that finally leads to 

inactivation of G1 transcription factors and drives the transition to G2 phase and facilitates the 

onset of mitosis (Mani et al, 2009). The mitotic CDK comes into play after degradation of cyclin 

A following nuclear envelope breakdown. CDK1 forms complexes with cyclin B and together, 

they drive cells through mitosis (Malumbres et al., 2005). They are synthesized but remain 

inactive by their phosphorylation status during the S-G2 transition. In late G2, a phosphatase 

known as cdc25 un-phosphorylates the complexes, leading to their activation (Pines, 1999). A 

critical complex activated during this process is a ubiquitin ligase known as the anaphase-

promoting complex (APC), which promotes degradation of structural proteins associated with 

the chromosomal kinetochore. APC also targets the mitotic cyclins for degradation, ensuring that 

telophase and cytokinesis can proceed (Lukas et al. 1999). 

 

Cyclin dependent kinase inhibitors (CDKi): There are two families of genes that belong to this 

group, the INK4/ARF (Inhibitor of Kinase 4/Alternative Reading Frame) family and the cip/kip 

family. CDKis prevent the progression of the cell cycle. They are known as tumor suppressors 

because of their function in prevention of tumor formation.  

 The INK4a/ARF family includes p16INK4a (p16), p15INK4b (p15), p18INK4c (p18), 

p19INK4d (p19) and p14ARF. The INK4 proteins inhibit CDK4/6 activity and contain 
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conserved ankryin repeats (Seibert et al., 1996; Mani et al., 2000). Generally, INK4 proteins 

compete with all D type cyclins for binding to the CDK subunit. The expression of cyclin Ds is 

controlled by the influence of the extracellular growth factors. Both cyclin Ds and INK4 genes 

are expressed in distinct tissue-specific patterns, but their roles are essentially similar.  

When INK4 proteins bind to CDK 4/6, they induce an allosteric change that abrogates the 

binding of these kinases to cyclin Ds. This leads to inhibition of CDK4/6 mediated 

phosphorylation of pRb proteins, leaving pRb proteins in a hypophosphorylated state, which 

promotes binding to E2F and causes G1 cell cycle arrest (Kim et al., 2006). Because of this 

specificity, the inhibitory action of the INK4 proteins is largely dependent on the presence of 

pRB in the cell. In the absence of pRb, cyclin E expression is increased and cyclin D/CDK4 

holoenzyme does not inhibit S phase entry (Koh et al, 1995, Lukas et al, 1995, Medema et al, 

1995). Cyclin Ds are rapidly degraded when there are no influences from extracellular growth 

factors.  

The ARF, on the other hand, has a different role than the INK4. The ARF binds to and 

inactivates HDM2, a protein with the E3 ubiquitin ligase activity, and promotes the degradation 

of HDM2. This in turn blocks its ability to mask the transcriptional activation function of p53, 

which consequently suppresses oncogenic transformation in p53 dependent manner (Zhang et al, 

1998). All but two of the INK4/ARF genes are located in the same chromosome. The p15, p16 

and ARF genes are found in the same locus of a small 35 kb region on chromosome 9p21 that 

instruct for distinct tumor suppressor proteins.  The p15 gene has its own distinct open reading 

frame, while p16 and ARF genes have three exons each. They both share common second and 

third exons, but not the first. Although they share exons 2 and 3, the polypeptides are not 

isoforms and do not share any amino acid homology. The p18 gene is mapped to human 
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chromosome 1p32 (Siebert et al., 1996). Its alterations are rare in human tumors. Several 

studies have reported that p18 is haploinsufficient tumor suppressor in mice. This means that it is 

possible that a quantitative decrease of this gene may be involved in tumorigenesis. The p19 

gene is mapped on chromosome 19p13 (Siebert et al., 1996). It does not seem to play a role in as 

tumor suppressor since p19 knockout mice are as susceptible as wild type in forming tumor in 

response to carcinogenic treatment (Canepa et al., 2007).  

The cip/kip family (CDK interacting protein/kinase inhibitory protein) comprises the 

genes p21CIP1 (p21), p27KIP1 (p27) and p57KIP2 (p57). Although they typically inhibit the 

G1-S CDKs, they also inhibit CDK1, 5 and 7 (Soo et al.; Blain et al., 1997).  These proteins 

share a homology at the amino-terminal 60 residue domain that is necessary and sufficient for 

binding and inhibiting a broad class of CDKs (Schreiber et al., 1999). p21 mediates its various 

biological activities primarily by binding to CDK2 and CDK1 and inhibits their kinase activity 

leading to growth arrest. Besides its function as a negative regulator of the cell cycle, p21 can 

associate directly with E2F1 and suppresses its transcription activity (Delavaine et al., 1999). 

The capability of p21 to promote cell cycle inhibition may also depend on its ability to mediate 

p53-dependent gene repression. p21 is both necessary and sufficient for p53-dependent 

repression of gene regulating cell cycle progression, such as CDC25, CDC2, CCNB1 (which 

encodes cyclin B1). Additionally, through inhibition of CDK2, p21 inhibits the induction of 

CDC2 and CCNB1 indirectly, as expression of these genes at the G1/S transition involves CDK2 

(Yun et al., 2003). p21 can also bind to proliferating cell nuclear antigen (PCNA) and interferes 

with PCNA-dependent DNA polymerase activity, inhibiting DNA replication and modulating 

various PCNA-dependent DNA repair processes. Although mostly known for its growth-

inhibitory functions, p21 also inhibits apoptosis. It protects against apoptosis in response to other 
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stimuli such as those induced by growth factor deprivation, p53 overexpression or during 

differentiation of monocytes. Under those conditions, apoptosis does not depend on cell cycle 

progression, so the anti-apoptotic activity of p21 cannot be attributed to its cytostatic effects. One 

example is the ability of cytoplasmic p21 to bind and inhibit the activity of proteins directly 

involved in the induction of apoptosis, such as procaspase 3, caspase 8, caspase 10, stress-

activated protein kinases (SAPKs) and apoptosis signal-regulating kinase 1 (ASK1) (Roninson, 

2002).  

The p27 protein inhibits cyclin E/CDK2 holoenzyme during Transforming Growth Factor 

β (TGFβ)-induced G1 arrest by binding the holoenzyme through its N-terminal. This in turn 

blocks the binding of ATP and physically prevents the catalytic cleft of the CDK (Hong et al., 

2009). p27 plays other roles in regulating cell function such as in cell migration and being a 

substrate to several important mitogenic signaling kinases. In the case of the latter, the protein is 

phosphorylated post translationally, altering its expression levels, intracellular localization and 

differential functions (Lee et al., 2009).  

The p57 protein causes cell cycle arrest in G1 phase and participates in the M to G1 

transition through activation of p73. This protein has a putative role in apoptosis and senescence. 

It is believed that these roles may be tissue specific (Pateras et al., 2009).  

 

Retinoblastoma (pRb) protein: The pRb protein is a tumor suppressor and one of the main 

regulators of the cell cycle. It depends on its phosphorylation state to bind and interact with 

various cellular proteins, thus exerting its growth suppressive effect. In its hypophosphorylation 

state, pRb binds and sequesters transcription factors of the E2F/DP family. RB induces 

repression by „masking' the E2F transactivation domain and recruiting histone deacetylase 



 36 

(HDAC), a modulator of core-histone–DNA interactions that is linked to repression of gene 

expression, thus preventing transcription activation of genes required to traverse the G1 to S 

phase boundary. Following mitogenic stimulation, cyclin/CDK complexes phosphorylate pRb 

and disrupt its binding to E2F, leaving E2F free to transactivate the necessary genes (Tamraker et 

al., 2000).   
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Figure 6. Cell cycle regulation. Cyclins (A, D, E) and CDKs (2, 4, 6) play important role in 

regulation of cell cycle by phosphorylating pRB. CDKis (p15, p18 and p19; p21, p27 and p57) are 

inhibitor of cyclin/CDKs and block the transcription of proliferation associated genes (Sherr, C.J. 

1996). 
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p16INK4a 

 

General 

CDKN2A, also known as p16INK4a (p16 hereafter), was first identified in 1993 through 

coimmunoprecipitation with cyclin D/CDK4. The p16 gene is located on chromosome 9p21 

which shows a high frequency of heterozygosity (LOH) in numerous tumor types. The p16 gene 

has 3 exons, encodes a 148 amino acid, 16kD size protein (Figure 7). It has four ankryin repeat 

motifs of approximately 31-34 residues. These ankyrin repeats are involved in numerous 

physiological processes through the mediation of protein-protein interactions (Li et al. 2006). In 

p16, this motif exhibits a helix-turn-helix (HTH) conformation, forming a helix bundle with a 

concave surface containing cluster of charged groups for target binding when the four ankyrin 

repeats motifs are stacked together in linear fashion (Byeon et al., 1998). All four ankyrin repeats 

are required to pack together to form a stable and functional protein. One major reason for p16 

mutations occurs when the folding becomes impaired, causing p16 to lose its inhibitory functions 

(Guo et al., 2009). The p16 gene is the second most frequently mutated gene in human cancer.  

(Sherr et al, 2004). Inactivation of p16 involves four types of genetic alterations: homozygous 

deletion, promoter hypermethylation, loss of heterozygosity, and point mutation (Ortega et al, 

2002; Forbes et al., 2006; Li et al., 2000). The majority of p16 mutations occur through 

homozygous deletion and promoter hypermethylation. 48% of pancreatic carcinoma specimens 

harbored homozygous deletion of p16 (Greenblatt et al., 2003), whereas in primary gastric 

carcinoma, the major type of p16 alterations is aberrant methylation (34%). On the other hand, 

30% of squamous cell carcinoma of the head and neck has point mutations in p16 (Poi et al., 

2001), while deletions or mutations of p16 counts for less than 2% (Rocco et al., 2001). In 
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hepatocellular carcinoma specimens, p16 promoter hypermethylation has been found in ~73% 

of the cases (Kaneto et al, 2001). Homozygous deletions and aberrant methylation mediated 

silencing usually causes complete loss of p16 function in cells. However, it is possible that its 

function and structure may be impaired through point mutations, which include missense and in-

frame small deletion mutation.     

 The main function of p16 in cell cycle control is to serve as a negative regulator of the 

pRB-E2F pathway (Figure 8). In G0 and early G1 phases, pRb is hypophosphorylated and forms 

complexes with members of the E2F family of transcription factors. These complexes sequester 

E2Fs and prevent their access to the promoters of proliferation-associated genes, such as cyclin 

B1, dihydrofolate reductase (DHFR), jun B proto-oncogene (JUNB), and thymidine kinase 1 

(TK1) (Iaquintaet al., 2007). Once committed to cell proliferation, pRb is progressively 

hyperphosphorylated by CDK4 or CDK6 in the late G1 phase. This promotes entry into the S 

phase. Binding of the p16 directly down-regulates the kinase activities of CDK4 and CDK6, 

keeping pRb in a hypophosphorylated status. p16 can further disrupt complexes of CDK4/6 as 

well as non-p16 CDK inhibitors such as p27, leading to the release of these non-p16 inhibitors, 

suppression of CDK2 activity, and increases in the level of the hypophosphorylated pRb (Sherr 

et al., 2004). Consequently, these p16-dependent events terminate in cell arrest at the G1-S 

boundary. Interestingly, it has been reported recently that the physical association between p16 

and GRIM-19 (gene-associated retinoid-IFN-induced mortality-19), a proapoptotic protein 

functioning in the IFN-b/RA-induced cell death pathway can enhance the suppressive impact of 

p16 on E2F-mediated gene expression (Sun et al., 2010).  

p16 has also been shown to be involved in cellular senescence and aging through 

molecular mechanisms yet to be explicitly elucidated (Kim et al., 2006; Yang et al., 2008). The 
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level of p16 expression increases significantly with aging in a large number of rodent and 

human tissues in both healthy and disease state (Kim et al., 2006). The elevated level of p16 

expression has been shown to induce cellular senescence and aging in various progenitor cells 

and premalignant tumor cells, such as neural progenitor cells (Krishnamurthy et al.,2006), and 

hematopoietic stem cells (Janzen et al., 2006). These findings suggest that increase level of p16 

favors the aging mechanism which then contributes to the decline in replicative potential for 

certain self-renewing machinery.  

Additionally, p16 could be involved in the cellular response to genotoxic agents (Serrano 

et al., 1996; Kim et al., 2006). p16-compromised or p16-deficient cells displayed sensitivity to 

ultraviolet (UV) light-induced apoptosis. This suggests that lack of functional p16 allows spread 

of proapoptotic signaling (Al-Mohanna et al., 2004). p16 also contributes to the cell cycle 

progression through alternate and independent regulatory pathways. An essential regulatory 

event in the transcription mechanism is the phosphorylation of the carboxyl terminal domain 

(CTD) of the large subunit of RNA polymerase II by CDK7 subunit of TFIIH, which is a general 

transcription factor. Interaction can occur between p16 and TFIIH in the preinitiation complex, 

blocking phosphorylation of the CTD, and increase the likelihood of cell cycle arrest (Nishiwaki 

et al., 2000; Serizawa et al., 1998). p16 can suppress the kinase activity of JNK1 and JNK3 by 

binding to their glycine-rich loop of c-jun. The loss of JNK activity negatively regulates UV-

induced c-Jun phosphorylation in melanoma (Choi et al., 2005). 
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 Figure 7. The INK4a locus. The p16 gene is located on chromosome 9p21 and consists of 3 

exons: 1α, 2 and 3 (Voorhoeve and Agami, 2003).  
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Figure 8. Involvement of p16 in cell cycle regulation. P16 inhibits cyclinD/CDK4/6 that are 

required to hyperphosphorylate pRb and activate E2F transcription genes. Adapted from 

Foulkes et al., 1997.  
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Regulation of the transcription of p16. 

Given the various roles of p16 in tumor suppression, senescence and aging, it is clear that 

transcription of p16 is subject to multiple levels of control, and most of these regulations are 

related to diverse regulatory elements present in the p16 promoter. One such element is the Ets-

binding site. Ets1 and Ets2 transcription factors are known to be downstream target of Ras-Raf-

Mek signaling and can be activated by MAPK-mediated phosphorylation. There is a conserved 

Ets-binding site in the p16 promoter from position -124 to -85. Once bound to this site, Ets1 and 

Ets2 are able to activate the p16 promoter and induce an elevated level of expression of p16 in 

human fibroblasts. Ectopic expression of oncogenic Ras enhances the binding of Ets1 and Ets2 

to the p16 promoter in human diploid fibroblasts. However, in the presence of a protein called 

Id1, a helix-loop-helix (HLH) protein, Ets2 will bind to Id1 and block binding of Ets2 to the 

promoter of p16 (Ohtani et al., 2001). Therefore, there exists a balance between Id1 and Ets1/2 in 

regulating the expression of p16. Alternatively, LMP1, the latent membrane protein encoded by 

the Epstein-Barr virus, represses the p16 promoter by promoting the nuclear export of Ets2, 

which consequently inhibits Ets2-mediated transcription (Yang et al., 2000).  

Besides the Ets-binding site, there are two E-box elements in the p16 promoter. E-box 

element is a basic region for binding to the consensus DNA sequence CANNTG. The E-box 

elements in the p16 promoter are located at position -349 (CAGGTG) and -615 (CAGGTG). Id1 

may also be influence the transactivation activity of E47, an E protein. E proteins are class I 

basic HLH proteins. The HLH domain in E47 primarily mediates homo- and heterodimerization 

with other HLH proteins to regulate gene expression. Upon homodimerization or 

heterodimerization with other E proteins, E47 binds to these two E-boxes and activates the 

transcription of p16 in senescent cells. The HLH domain in Id1 is highly conserved but lacks the 



 44 

basic DNA binding domain. As such, Id1 can only form heterodimer with E47 and bind to E-

box elements as a dominant negative regulator, thus inhibiting E47 mediated activation of p16 

promoter (Zheng et al., 2004). Similarly, TAL1, a tissue specific class II bHLH transcription 

factor, is able to functionally repress the p16 promoter by forming heterodimer with E47 

(Hansson et al., 2003).       

 Additionally, there is a Sp1 binding site at position -466 to -451 in the p16 promoter. This 

transcription regulatory element is enhanced during cellular senescence due to increase Sp1 

binding affinity and not due to the amount of Sp1 protein. Ectopic expression of Sp1 induces the 

transcription of p16 in human fibroblasts (Xue et al., 2004). Moreover, P300/CBP, a 

transcriptional coactivator with histone acetyltransferase activity, stimulates both p16 promoter 

activity and increases p16 mRNA expression in Sp1 dependent manner (Wang et al., 2008). 

 Li et al. (2010) have reported that the p16 promoter harbors a HMG (High Mobility 

Group) binding site at positions -426 to -433. The HMG box contains protein 1 (HBP1) 

transcription factor, a downstream effector in the Ras-Raf-Mek signaling pathway. The sequence 

specific binding of HBP1 to this site in p16 promoter positively regulates the expression of p16 

and triggers premature senescence in primary cells. 

 A peroxisome proliferator response element (PPRE) has been identified in the p16 

promoter region at position -1023. Peroxisome proliferator-activated receptor α (PPARα) 

negatively regulates cell cycle progression at the G1-S transition by inducing p16 expression in 

vascular smooth muscle cells. PPARα specifically binds to canonical PPRE region and interacts 

with Sp1 in the proximal Sp1-binding site of p16 promoter, thus enhancing p16 mRNA 

expression (Gan et al., 2008).  



 45 

Lastly, there is negative regulatory element called the INK4a transcription silence 

element (ITSE), ranging from position -491 to -485 (Wang et al., 2001). The activity of p16 

promoter increases significantly when the ITSE region was deleted in young 2BS cells. ITSE 

contains a binding site for Myb-related protein B (B-MYB), a transcription factor involved in the 

regulation of cell survival, proliferation and differentiation (Huang et al., 2011). 

      

p16 and Cancer 

Inactivation of p16 has been implicated in many type of cancers. However, the genetic 

status alone does not reflect the p16 function in human cancers. Aberrant expression of other 

protein involved in p16 pathway also leads to deregulation of P16 function through diverse 

mechanisms. Park et al. (2001) has shown in a chemically induced rodent hepatocarcinogenesis 

model that gankryin, a protein that is involved in regulation of degradation of p53 and pRb, is 

strongly overexpressed soon after the initial carcinogen exposure (liver fibrosis), preceding the 

loss of pRb (cirrhosis), followed by hepatocellular adenoma formation and finally 

hypermethylation of the p16 gene appears at later hepatocellular carcinoma stages.  

 The down-regulation of p16 promotes aberrant cell proliferation and contributes to cancer 

progression. However, the up-regulation or overexpression of p16 in human cancers is less 

documented. Overexpression of p16 was once regarded as characteristic of stress-induced 

cellular senescence and aging (Collado et al., 2007), but some cancers such as neuroblastoma 

(Omura-Minamisawa et al., 2001), cervical (Lesnikova et al., 2009), uterine (Chiesa-Vottero et 

al., 2007), breast (Milde-Langosch et al., 2001) and oral squamous cell carcinoma (Lang et al., 

2002) have been shown to have overexpressed p16. However, it is thought that the 

overexpression is induced by stress or oncogenic environment risk factors through an undefined 
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feedback loop. In other words, overexpression may be a response to compensate for the 

aberrant function of other proteins that may or may not be related to p16 (Li et al., 2011).   

 

Targeting p16 in Cancer Therapy. 

 The decreased expression of p16 in cancer has made this CDKi an attractive target to 

combat cancer. Overexpression of p16 decreases proliferation in WMM1175 melanoma cell line 

(Haferkamp et al., 2008), 2774, OVCA420 and SKOV3 cells (Modesitt et al., 2001).  

 

   

Homeobox genes 

 

General 

 Homeobox (HB) is a family of transcription factors that regulates cell fate and 

differentiation. The HB is a 180 bp DNA sequence encoding for 60 amino acid DNA-binding 

domain called the homeodomain (HD) (Barber et al., 2010) Initially identified in Drosophila 

melanogaster in the 1970s, the HD contains a conserved DNA sequence shared by 

developmentally important genes. The HD allows Hox proteins to bind to the promoter regions 

of their target genes and regulate their transcription. Hox proteins can drive transcription by itself 

as monomers or homodimers or as heterodimers or heterotrimers with members of the three 

amino acid loop extension (TALE) family of cofactors (Shah et al., 2010). When binding with 

cofactors, the affinity and specificity of the Hox protein binding to DNA increases because of the 

increased size of the cooperative binding site (Chang et al., 1996). The HB genes are divided into 

two classes, class I clustered HB genes called the Hox genes and class II dispersed non-Hox 
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genes (Abdel-Fattah et al., 2006). The Hox genes are further divided into four different 

clusters, designated A to D, located on four different chromosomes. Each cluster is organized 

into 13 paralog groups (Figure 9). The position of a Hox gene corresponds to its time and place 

of expression in the animal along the anterior-posterior axis. Generally, 3‟ genes are expressed in 

the anterior tissues, earlier in the development, and 5‟ genes are expressed in the posterior 

tissues, later in the development (Abate-Shen, 2002). This is known as spatial collinearity. Some 

homeobox genes are known to be atRA responsive, especially the 3‟ genes (Simeone et al., 1991; 

Langston and Gudas, 1994). This is due to the presence of RARE in the promoter region or 3‟ 

region of the genes. A functional RARE has been characterized in the regulatory regions of 

HOXA1, HOXB1, HOXA4, HOXB4 and HOXD4, CDX1, and MSX1 (Langston et al., 1997; 

Morrison et al., 1996; Lickert and Kemler, 2002; Shen et al., 1994, Packer et al., 1998; Zhang et 

al., 2000). Chen et al. (2007) identified a RARE in the 3‟ end of the HOXA5 gene and showed 

that overexpression of RARβ strongly enhances RA responsiveness while knock down of RARβ 

abolishes RA-mediated induction of HOXA5 expression in breast cancer cells. Human HOXA7 

contains two RAREs (DR3 and DR5) at its 3' end. Disruption of both RAREs leads to complete 

loss of atRA induction, while disruption of DR5 RARE causes 50% reduction in atRA induction 

(Kim et al., 2002). Since homeobox genes play an important role in development, regulation of 

differentiation, receptor signaling, apoptosis, motility and angiogenesis, the precise expression 

patterns are very important for homeobox gene functions.  
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Figure 9. Schematic of the four clusters of Hox genes in human. To date, a total of 39 genes 

are identified in the Hox clusters. 3‟ genes are expressed in the anterior tissues while the 5‟ genes 

are expressed in the posterior tissues (1-13 corresponds to 3‟-5‟) (Shah and Sukumar, 2010).   
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Homeobox genes expression in ovarian cancer.  

 Given that the importance of homeobox genes in regulating growth and differentiation 

during development, the deregulation of  homeobox genes in cancer is not unexpected. This 

deregulation can occur by expression of homeobox genes in malignant tissues that are not 

expressed in normal tissues (temporospatial deregulation), overexpression of homeobox genes 

(gene dominance) and down-regulation or silencing of the genes in malignant tissues (epigenetic 

deregualtion) (Abate-Shen, 2002). Temporospatial deregulation and gene dominance are 

normally associated with oncogenesis, while epigenetic deregulation is associated with tumor 

suppression (Shah and Sukumar, 2010).  

       There are several reports of aberrant expression of homeobox genes in ovarian cancer 

cell lines. HOXB13 has been shown to be up-regulated in ovarian cancer cell lines (Miao et al., 

2007). Overexpression of HOXA9 in tumorigenic mouse ovarian surface epithelium (OSE) cells 

gave rise to papillary tumors resembling serious epithelial ovarian cancers (EOCs). HOXA10 

and HOXA11 induced morphogenesis of endometrioid-like and mucinous-like EOCs, 

respectively (Cheng et al., 2005). MSX2 expression was up-regulated in primary human ovarian 

endometrioid adenocarcinomas harboring a dysregulated β-catenin. MSX2 has been shown to be 

a direct downstream transcriptional target of β-catenin/TCF and contribute to role in 

tumorigenesis when WNT/β-catenin pathway is defect (Zhai et al., 2011). HOXB4 expression 

was elevated in ovarian cancer cell lines compared to normal ovary tissues (Hong et al., 2010). 

PAX8 is also highly expressed in epithelial ovarian cancer and localized to the nucleus in three 

epithelial ovarian cancer subtypes, serous, endometrioid and clear cell subtypes(Bowen et al., 

2007).  
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 Nevertheless, not all homeobox genes are up-regulated in ovarian cancer. BARX2 

expression was down-regulated in the cell lines established upon tumor recurrence after platinum 

therapy. Overexpression of BARX2 in platinum resistant cells significantly reversed cisplatin 

resistance (Sellar et al., 2002). In OVCAR3 cells, when MSX1 was overexpressed, cell 

proliferation was inhibited due to the increased length of G1 phase, which subsequently 

decreases the expression of cyclin D1, D3, E, CDK4, c-Jun and Rb (Park et al., 2001). These 

results clearly showed the importance of the regulation of homeobox genes.  

 

Effect of Retinoid Treatment on Homeobox Gene Expression in Cancers. 

 Our laboratory has recently looked at mRNA expression level at different homeobox 

genes in oral squamous cell carcinomas to determine whether homeobox genes play a role in 

atRA mediated growth inhibition (Acquafreda et al., 2010). Two OSCC cell lines were used, 

SCC-25 which is atRA sensitive and SCC-9 which is atRA resistant.  The results showed that the 

expression of 8 homeobox genes was down-regulated while the expression of 4 homeobox genes 

was up-regulated in SCC-25 cells but not in SCC-9 cells. The down-regulation of expression of 

DLX3  occurs as early as day 3, while down-regulation of TLX1 expression occurs on day 5 and  

down-regulation of ALX1 expression does not occur until on day 7 in presence of atRA. This 

suggest that some homeobox genes are differentially regulated in atRA sensitive OSCC. 

However, atRA does not directly mediate cell differentiation and growth arrest since the 

difference takes place several days after atRA treatment suggesting that these genes are 

downstream effectors of atRA signalling in these OSCC cell lines.     

 Retinoid has been shown to directly regulates the expression of NKX3.1 homeobox gene 

in human prostate cancer cell line, LNCaP. Transcription of NKX3.1 gene increases as early as 
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2h after atRA treatment and co-treatment of cyclohexamide did not attenuate atRA induction 

of  NKX3.1  level, suggesting that NKX3.1 is a direct target of retinoid receptors. NKX3.1 

contains two putative RARE sites at 5‟ region and 3 putative RARE sites at the 3‟ UTR region 

that may or may not play a role as direct target for atRA induction (Thomas et al., 2006). 

NKX3.1 mRNA expression level has been shown to increase with 9-cis RA treatment in a dose 

dependent manner (10-5 to 10-7 M) in the same cell line. Flow cytometry results indicate that 9-

cis RA treatment causes accumulation of cells in the G1 phase of the cell cycle and fewer cells 

pass through to G2/M (Jiang et al., 2006). 

 

Previous Studies on the Use of Retinoids to Regulate the Growth of Ovarian Carcinoma 

Cells 

The role of retinoids as chemopreventive and chemotherapeutic agents in ovarian cancer 

is very promising. Natural retinoids inhibit growth of several ovarian carcinoma cell lines by 

arresting cell cycle progression (Wu et al., 1997; Grunt et al. 1991) while synthetic retinoids 

inhibit growth additionally by apoptosis (Sabichi et al., 1998; Wu et al., 2001; Supino et al., 

1996).  

 Our laboratory has shown that atRA mediated growth inhibition was observed in CAOV3 

cell line, derived from solid serous adenocarcinoma, where cells were arrested in G0/G1 phase. 

The atRA mediated growth arrest was not observed in SKOV3 cell line, which is derived from 

metastasized tumor (Wu et al., 1997). Further studies showed that in the presence of atRA, there 

was an increased accumulation of hypophosphorylation Rb2/p130 in CAOV3 but not in SKOV3, 

due to increased stability (from 12 hours without atRA to 40 hours with atRA) (Zhang et al., 

2001) and decreased ubiquitinated Rb2/p130 (Vuocolo et al., 2003). This was made possible 
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through interaction with protein phosphatase A (PP2A) and C-terminus of Rb2/-130 in 

CAOV3 cells following atRA treatment (Vuocolo et al., 2003; Purev et al., 2006). In CAOV3 

cells, treatment of atRA induces G0/G1 arrest through the recruitment of PP2A to the C-terminus 

of Rb2/p130, resulting in the dephosphorylation of the S1080 and T1097, located adjacent to the 

nuclear localization signals (NLS). The subsequent interaction of Rb2/p130 with importins leads 

to transport of the Rb2/p130 to the nucleus where it inhibits cell-cycle progression (Purev et al., 

2010). In presence of atRA, p27/Kip1 level was increased in CAOV3 (Zhang et al, 2001) but 

CDK4 level was decreased (Vuocolo et al., 2004). The phosphorylation at S10 residue is an 

important event in mediating p27 role in atRA induced growth arrest (Radu et al., 2008).   
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CHAPTER 2 

 

STATEMENT OF GOALS 

 

 Ovarian cancer is the most lethal of all gynecologic cancer and the fifth leading cause of 

cancer related death among women. In the US alone, 20,000 women were diagnosed with the 

disease each year, and 15,000 die from the disease each year. Early stages of ovarian cancer are 

often asymptomatic, and are not detected. By the time the disease is detected, it is usually at an 

advanced level when the disease has already spread to other tissues. The overall prognosis for 

these patients remains poor despite aggressive debulking surgery and chemotherapy (Modugno, 

2003). It is therefore very important to find an alternative therapy to effectively combat ovarian 

cancer. There are several clinical trials sponsored by the National Cancer Institute which 

incorporate retinoids in cancer therapy (Soprano et al., 2006).  

 Retinoids include natural and synthetic derivatives of vitamin A. They play an important 

role in cellular growth and differentiation. Additionally, they have been shown to be effective 

chemotherapeutic and chemopreventive agents for a number of human cancers such as acute 

promyelocytic leukemia (APL), juvenile chronic myelogenous leukemia, Kaposi‟s sarcoma and 

high risk neuroblastoma (Kitareewan et al., 2003; Reynolds at al., 2001). Reports from other 

laboratories as well as ours have shown that retinoids inhibit the growth and cell cycle 

progression of ovarian carcinoma cell lines. Our studies have focused on understanding the effect 

of atRA treatment on molecular events regulating the growth of ovarian carcinoma cells. Our 

studies have utilized two cell lines, CAOV3 and SKOV3. Previous results from our laboratory 
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show that SKOV3 cells were resistant to the growth inhibitory effects of atRA, while CAOV3 

cells were sensitive to the growth inhibitory effects of atRA. atRA has been shown to block 

CAOV3 cell cycle progression in the G0/G1 phase (Wu et al., 1997;1998). This cell cycle check 

point is regulated by three main classes of proteins: cyclins and cyclin dependent kinases, cyclin 

dependent kinase inhibitors and retinoblastoma family of proteins.  

 P16 is a member of the INK4/ARF family of the cyclin dependent kinase inhibitors. The 

p16 gene is the second most mutated gene in human cancers (Sherr and Roberts, 2004). 

Inactivation of p16 involves four types of genetic alterations: homozygous deletion, promoter 

hypermethylation, loss of heterozygosity and point mutation (Ortega et al., 2002; Forbes et al., 

2006; Li et al., 2000). Experiments done by our laboratory have shown that p16 is expressed in 

CAOV3 cells but not SKOV3 cells. Other laboratories have shown that overexpression of p16 

decreases proliferation in WMM1175 melanoma cell line (Haferkamp et al., 2008), 2774, 

OVCA420 and SKOV3ip1 (Modesitt et al., 2001). We wanted to determine the role of p16 in 

mediating atRA sensitivity to ovarian carcinoma cell lines. Our initial goal was to: 

 Overexpress p16 in SKOV3 and determine whether this would result in conversion of 

SKOV3 cells from atRA resistant to atRA sensitive with respect to growth regulation.   

 

Additionally, other atRA target genes are the homeobox (HB) genes. HB is a family of 

transcription factors that regulates pattern formation, differentiation and proliferation. Over 200 

homeobox genes have been described and are divided into two families, clustered homeobox 

genes, also called HOX, and non-clustered homeobox genes. Besides their dominant role during 

embryogenesis, they are also expressed in adults. In human tumors, an association between the 
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deregulation of the expression of homeobox genes and oncogenic transformation has been 

reported. Some homeobox genes are atRA targets due to the presence of RARE either in their 

promoter region or 3‟ end of the gene. Previous studies performed in our laboratory have shown 

that atRA regulates the expression of a number of homeobox genes in atRA sensitive oral 

squamous cell carcinomas (OSCC) cells but not in atRA resistant OSCC cells (Acquafreda et al. 

2010). Therefore, in this study, our goals were to: 

 Determine whether atRA differentially alters the expression of homeobox genes in 

atRA sensitive ovarian carcinoma cells (CAOV3 cells) but not in atRA resistant 

ovarian carcinoma cells (SKOV3 cells).  

 If this differential effect is observed, determine whether this effect is related to the 

growth response of these cells to atRA. 

The results from these experiments would help us to understand better the molecular 

mechanisms and molecular targets through which atRA causes growth inhibition of ovarian 

cancer cells and would be useful in the continued development of alternative therapeutic 

strategies in the management of ovarian cancer. 
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CHAPTER 3 

 

MATERIALS AND METHODS 

 

Cell lines 

Both CAOV3 and SKOV3 cell lines were obtained from the American Type Culture 

Collection (Rockville, MD). The CAOV3 cells were derived from a surgical specimen of human 

ovarian adenocarcinoma (Fogh and Trempe, 1977). The cells were aneuploid and exhibited 

epithelial-like morphology. They are sensitive to RA treatment (Vuocolo et al., 2003; Wu et al., 

1997).  The SKOV3 cells were derived from a human ovarian adenocarcinoma originating from 

a surgically removed malignant ascites (Fogh and Trempe, 1977). The cells were epithelial in 

nature and hypodiploid to tetraploid. They are resistant to RA treatment (Vuocolo et al., 2003; 

Wu et al., 1997)   

 

Cell culture  

Cells were maintained in 100 mm petri dishes (Corning, Acton, MA) and cultured at 

37 C, 98% humidity, supplied with 5% CO2 in a complete Dulbecco‟s modified Eagle‟s medium 

(DMEM), supplemented with 10% fetal bovine serum (Cellgro, Herndon VA), 2 mM L-

glutamine (HyClone, Thermo Scientific, Utah), 100 units/ml penicillin/100 ug/ml streptomycin 

(Cellgro, Herndon, VA). The passage of cells was accomplished by aspirating old medium, then 

cells were washed with sterile phosphate buffered saline (PBS) and 1ml of 1x trypsin-EDTA 

(Gibco Invitrogen Corporation) was added to each plate.  The plate was kept at 25
o
C for about 3-
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5 min or until the cells detached. Trypsin was neutralized by addition of complete DMEM 

containing 10% fetal bovine serum. The cells were subcultured twice per week, at a ratio of 1:10.  

 

Long term storage  

Early passage cells were frozen and stored in liquid nitrogen at –170º C to prevent 

drifting from continuous passaging.  To freeze, 1x10
6
 cells/ml were trypsinized and centrifuged 

at 1200 rpm for 5 min at 4º C (Brinkmann Eppendorf, Westbury, NY).  The cell pellet was 

resuspended in ice-cold Vivify-1X Cryostorage Medium (Gemini Bio-products, CA) and stored 

in sterile freezing vials (Nunc, Rochester, NY). The cells were transferred to -20º C for 1 hr, -70º 

C for 24 hr and then kept in a liquid nitrogen tank for long term storage.  When cells were 

required, the cells were thawed in a 37º C water bath, washed once with complete DMEM 

medium and the pellet was resuspended in 10 ml pre-warmed complete DMEM and pipetted into 

a 100 mm petri dish. Media was changed after the cells had attached to the petri dish. 

 

Cell Counts 

Trypsinized cells were mixed with 0.4% trypan blue (MP Biomedicals, OH) in a ratio of 

1:1. 10 ul of cell suspension was loaded into a hemacytometer chamber. To calculate the number 

of cells in 1 ml of original suspension the average number of cells per quadrant was multiplied 

by 1x10
4
 and the appropriate dilution factor.  
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Reagents 

Retinoic acid – atRA in powder form was a generous gift from Hoffmann-La Roche, 

Nutley, NJ. Aliquots were previously distributed into vials, infused with nitrogen, wrapped in 

aluminum foil and stored in the dark at 4
o
C. Stock solutions of atRA, at a concentration of  

~10
-3

M were prepared fresh every three weeks by dissolving an aliquot of solid powder in 

ethanol. Concentration of atRA solution was determined by measuring the optical density at 350 

nm using a spectrophotometer (Beckman, Du 640) and multiplying the OD value by 0.45 

(extinction coefficient). Cells were treated with atRA at a final concentration of 10
-6

M. Ethanol 

was used as a control. All procedures involving atRA were performed under a yellow light to 

avoid isomerization of atRA to 9-cis or 11-cis RA  

G418 - G418 powder (Gemini Bio-products, CA) was dissolved in water at a 

concentration of 400mg/ml. The stock solution was filtered and stored as aliquots at -20º C. The 

final concentration used to select for and maintain stably transfected clones was 800μg/ml. 

  

 16 cloning  

 pBluescript SK(-)p16INK4a was a gift from Dr. LingTao Wu from University of South 

California, CA. To insert p16INK4a into pcDNA3.1 HisC, both forward and reverse primers 

were generated which included the BamHI restriction site. Amplification of the gene was 

performed by PCR on the pBluescriptSK(-)p16INK4a. After purification, both PCR product and 

pcDNA3.1His vector were digested with BamHI. Digested products were further ligated and 

transformed into DH5α. Colonies obtained were picked and plasmids were isolated. Restriction 

digest was performed to select the clone in which p16INK4a was inserted in the vector in the 

sense orientation. The plasmid was sequenced for final confirmation. The human p16INK4a gene 
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lacked the first 10 amino acids. The plasmid encodes for G418 resistance and contains a 

constitutive CMV promoter.  

 

 

 

Figure 10. The p16 expression plasmid used in SKOV3 cells. p16 was amplified by PCR from 

pBluescript SK(-)p16INK4a. The PCR product was purified and digested with BamHI, followed 

by electroelution to separate the digested product from 10% SDS-PAGE gel. The purified p16 

was further inserted into pcDNA3.1HisC vector at the BamHI site.  

 

 

  



 60 

Stable transfection 

Stable transfection of cells was performed using Calcium Phosphate. 5 X 10
5
 cells were 

plated on 60mm tissue culture dishes in complete DMEM on the day before transfection. At the 

time of transfection, the cells were 60-70% confluent. CAOV3 and SKOV3 cells were 

transfected with pcDNA3.1His/p16INK4a. 2 hr before transfection, old complete DMEM was 

removed and fresh complete media was added to the plate. To perform transfection, 300 ul 2X 

HBS (10 g/l HEPES, 16 g/l NaCl, 0.74g KCl, 0.375g Na2HPO4.7H2O and 2 g dextrose, pH 

adjusted to 7.05) was added in one 15 ml tube. In another 15 ml tube, 10 ug of DNA was added 

followed by 37 ul of CaCl2. Volume was raised to 300 ul with sterile water. Using a pipette aid 

and 1ml pipette, bubbles were generated in the tube containing the 2X HBS. By blowing air into 

the solution, the DNA-CaCl2 solution was added drop wise into the bubbling 2X HBS solution. 

The DNA mixture was incubated for 20 min to allow precipitates to form. The solution became 

cloudy. The mixture was then added to the cells drop wise and the media was mixed gently. 24 

hr later, the old media was removed and new media was added to the plate. The next day, the 

cells were split into 5 100 mm dishes. 24 hr later, the cells were treated with G418. 2X HBS 

buffer. 

 

 Growth Analysis 

 To perform growth analysis, cells were plated onto 100mm tissue culture petri dishes at a 

density of 2X10
5 

cells in 10ml of complete DMEM medium. 24 hr later, the cells were treated 

with either 10 ul of ethanol or 10 ul of RA (10
-3

M) (Day 0). The final concentration of atRA was 

10
-6

M. The cells were retreated on day 2, day 4 and day 6. The cells were harvested and counted 

on day 1, day 3, day 5 and day 7.    
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 RNA Isolation  

After treatment with ethanol or RA for various time points, the cells were washed once 

with ice cold PBS. Cells were trypsinized and centrifuged at 1200 rpm for 5 min at 4ºC in 15 ml 

tubes. To isolate total cellular RNA, 1 ml of RNA-BeeTM solution (Tel-Test, Inc., Friendswood, 

TX) for every 10
7 

cells was added to the cell pellet. The cells were resuspended in RNA-BeeTM 

by pipetting up and down a few times and the RNA was solubilized following cell lysis. 0.2 ml 

of chloroform was added to 1ml of lysate in 1.5 ml eppendorf tubes. The tubes were closed 

tightly and shaken vigorously for 15 seconds. The tubes were then incubated on ice for 5 min 

followed by centrifugation at 14,000 rpm in eppendorf centrifuge 5417R for 15 min at 4ºC. After 

centrifugation, the upper aqueous phase was transferred to fresh eppendorf tubes taking 

precaution to avoid the interphase. 500 ul of isopropanol was added to the samples. The tubes 

were mixed well, incubated at room temperature for 5 min followed by centrifugation in a 

eppendorf centrifuge 5417R at 14,000 rpm for 5 min at 4ºC. The supernatant was discarded and 

the RNA pellet was washed once with 75% ethanol and re-centrifuged at 8,000 rpm for 10 min at 

4ºC. The pellet was dried and dissolved in 40 µl of autoclaved double distilled water. The 

amount of RNA was determined by measuring absorbance at 260nm and the purity was assessed 

by absorbance at 280nm. The optical density at 260nm and 280nm was determined using a 

Nanodrop (Thermo Scientific). The OD260/OD280 ratio was used as an indicator of the purity of 

the sample and was typically between 1.9 and 2.1. RNA samples were stored at -70ºC.  

 

Reverse transcriptase (RT) polymerase chain reaction (PCR)
 

cDNA was synthesized using the High-Capacity cDNA Reverse Transcription Kits from 

Applied Biosystems (Carlsbad, CA). 1 ul containing 0.6 ug of total RNA was added into sterile 
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microcentrifuge tubes. A master mix was prepared that contained the following amount of 

reagents per sample: 1 ul of 10X  RT buffer solution, 0.4 ul of 25X dNTPs mix (100mM), 1 ul of 

10X random primers, 0.5 ul of Multiscribe reverse transcriptase and 6.1 ul of sterilized water. 9 

ul of master mix was added into 1 ul of RNA. The condition for the thermal cycling was as 

followed: 25
o
C for 10 min, 37

o
C for 120 min, 85

o
C for 5 min and cool down to 4

o
C. Each cDNA 

was further diluted with 40 ul of water to obtain a final volume of 50 ul. The cDNA was 

vortexed and stored at 4
o
C for short period of time.  

 

Polymerase Chain Reaction (PCR) 

2.5 ul of cDNA was added into 0.2 ml microcentrifuge tube. Master mix was prepared 

that contained the following amount of reagents per sample: 4 ul of primers (5uM each), 10 ul of 

5X buffer, 3 ul of MgCl2, 2 ul of dNTPs mix (10mM each), 28.25ul of sterilized water and 0.25 

ul of Taq Polymerase. The PCR reaction was incubated at 95
0
C for 2min followed by 30 

amplification cycles (20 for GAPDH) that consisted of a 45sec denaturation step at 95
0
C, a 45 

sec annealing step at 60
o
C for GAPDH (50

o
C for HPRT; 52

o
C for the others) and a 1.5 min 

extension step at 72
0
C. The following primers were used:  

GAPDH- F: 
5‟

 AGAAGACTGTGGATGGCCCC 
3‟

 

     R: 
5‟

 AGGTCCACCACCCTGTTGC 
3‟ 

pcDNA F: 
5‟

 TAGCATGACTGGTGGACAGC 
3‟

 

        p16 R: 
5‟

 GCATGGTTACTGCCTCTGGT 
3‟ 



 63 

ALX1- F: 
5‟

 AATGTCTCCCGTGAAAGGGAT 
3‟

 

R: 
5‟

 GTTCGGTGCCTCCGTTTCTTA 
3‟

  

DLX3- F: 
5‟

 TTACTCGCCCAAGTCGGAATA 
3‟

 

 R: 
5‟

 AGTAGATTGTACGCGGCTTTC 
3‟

 

 HLX- F: 
5‟

 CAGGTCCCTATGCTGTGCTC 
3‟

 

 R: 
5‟

 GCTTGGTCACGTACTTCTGAAT 
3‟

 

HOXA1- F: 
5‟

 CGTGAGAAGGAGGGTCTCTTG 
3‟

 

     R: 
5‟

 GTGGGAGGTAGTCAGAGTGTC 
3 

HOXB1- F: 
5‟

 CTGGGTCAATCAGAAGGAGACG 
3‟

 

    R: 
5‟

 GTCTGCTCGTTCCCATAAGGG 
3‟

 

HOXB4- F: 
5‟

 CCCTCTGACTGCCAGATAGT 
3‟

 

    R: 
5‟

 CAATTTTCCTGCTCACTCCT 
3‟

 

HOXB7- F: 
5‟

 CCAGCCTCAAGTTCGGTTTTC 
3‟

 

    R: 
5‟

 CGGAGAGGTTCTGCTCAAAGG 
3‟

 

HOXB9- F: 
5‟

 ACGCCCGAGTACAGTTTGG 
3‟

 

    R: 
5‟

 GGAGGGGTTGGTTTGATCCG 
3‟

 

HOXC8- F: 
5‟

 ACCGGCCTATTACGACTG 
3‟

 

     R: 
5‟

 GGTAGCCTGAGTTGGAGATGC 
3‟

 

HOXD10- F: 
5‟

 AGCGCAACAAACTCATTTC 
3‟

 

       R: 
5‟

 CCTTCGGGGCTATTATTGT 
3‟

 

 HOXD11- F: 
5‟

 CACTGGAAACCCCTTATT 
3‟

 

       R: 
5‟

 TTGACCGTGGGAAGGAAT 
3‟
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HOXD12- F: 
5‟

 TATGTGGGCTCGCTTCTGAAT 
3‟

 

       R: 
5‟

 GTCCGTCTTTGGCTGTTGG 
3‟

 

PROX1- F: 
5‟

 CAGCGGTCTCTCTAGTACAGG 
3‟

 

    R: 
5‟

 AGCGATCCATATCAAACTGGC 
3‟

 

TGIF- F: 
5‟

 GATCTGCCATACCACTGTGA 
3‟

 

           R: 
5‟

 CTGAAGTCCTGGTTGAGGTC 
3‟

 

 HPRT- F: 
5‟

 TTCTTTGCTGACCTGCTGG 
3‟

 

  R: 
5‟

 TCCCCTGTTGACTGGTCAT 
3‟

 

HOXA1FL- F: 
5‟

 TCCTGGAATACCCCATACTTAGC 
3‟

  

                     R: 
5‟ 

GGACCATGGGAGATGAGAGATT 
3‟ 

 

HOXA1TL - F:
 5‟

 TCCTGGAATACCCCATACTTAGC 
3‟

 

                                  R:
 5‟

 TTCTTGGTGGGTCTGCTTCC 
3‟

   

 HOXB1-F: 
5‟

 CTGGGTCAATCAGAAGGAGACG 
3‟

 

                           R: 5‟ GTCTGCTCGTTCCCATAAGGG 3‟ 

 

Quantitative Real Time PCR 

  Real time quantitative PCR was performed using SYBR green PCR Master Mix (Applied 

Biosystems, Foster City, CA). 5 ul of cDNA was added into a microcentrifuge tube. Master mix 

was prepared that contained the following amount of reagents per tube: 2 ul of primers (final 

concentration for GAPDH: 50 nM , for others: 200 nM), 35 ul of 2X buffer and 28 ul of 

sterilized water. The PCR reaction was incubated at 50
o
C for 2 min, 95

0
C for 10min followed by 

40 amplification cycles that consisted of a 15sec denaturation step at 95
0
C, a 30 sec annealing 

step at 60
0
C and a 40 sec extension step at 68

0
C.   The following primers were used:  
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GAPDH- F: 
5‟

 AGAAGACTGTGGATGGCCCC 
3‟

 

     R: 
5‟

 AGGTCCACCACCCTGTTGC 
3‟

 

ALX1- F: 
5‟

 AATGTCTCCCGTGAAAGGGAT 
3‟

 

 R: 
5‟

 GTTCGGTGCCTCCGTTTCTTA 
3‟

  

HOXA1- F: 
5‟

 CGTGAGAAGGAGGGTCTCTTG 
3‟

 

     R: 
5‟

 GTGGGAGGTAGTCAGAGTGTC 
3‟

 

HOXB4- F: 
5‟

 CCCTCTGACTGCCAGATAGT 
3‟

 

    R: 
5‟

 CAATTTTCCTGCTCACTCCT 
3‟

 

TGIF - F: 
5‟

 GATCTGCCATACCACTGTGA 
3‟

 

           R: 
5‟

 CTGAAGTCCTGGTTGAGGTC 
3‟

 

HPRT- F: 
5‟

 TTCTTTGCTGACCTGCTGG 
3‟

 

  R: 
5‟

 TCCCCTGTTGACTGGTCAT 
3‟

 

 

Preparation of Quiescent Cells 

 CAOV3 cells were placed in a state of growth arrest or quiescence by nutrient depletion 

method. Actively growing cells were trypsinized and replated at a density of 1 x 10
6
 cells/100 

mm plate in complete DMEM for 7 hr to allow cell adherence. The complete DMEM was then 

removed and plates were washed twice gently with PBS. 0.5% FBS DMEM was added to 

prepare cells for growth arrest. For control, cells were plated at 2 x 10
5
/ 100 mm plate. Both cells 

in low serum and normal serum condition were harvested and counted after 72 hr, 96 hr and 120 

hr. mRNA extraction was performed on the indicated time points.  
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Protein isolation 

Cells were trypsinized and centrifuged at 130g for 5 min and washed with PBS twice. 

After centrifugation, the supernatant was discarded and the pellet was resuspended with 3 

volumes of cell lysis buffer with protease inhibitors (50 mM TrisBase pH 8.0, 150 mM NaCl, 1.5 

mM MgCl2, 2  mM EDTA, 1% NP-40 and the following protease inhibitors: 10 ug/ml aprotinin, 

10 ug/ml leupeptin dissolved in water; 1 ug/ml pepstatin A dissolved in methanol; and 1 mM 

PMSF dissolved in isopropanol). The cells were pipetted up and down several times and 

incubated at 4
o
C for 30 min. Lysed cells were centrifuged at 10000 rpm for 30 min at 4ºC.  The 

supernatant was saved as whole cell extracts (WCEs). Protein concentration was measured using 

a spectrophotometer at OD590 by the Bradford method (Bradford, 1976) using Bio Assay Dye 

(BioRad Laboratories, Hercules, CA) and bovine serum albumin as a standard.  WCEs were 

stored at –70ºC. 

  

Western blot 

Gel preparation: 15% SDS-PAGE running gel contained 15 ml of 30% acrylamide/0.8% 

bis-acrylamide, 7.5 ml 4xTris HCL/SDS pH8.8, 7.5 ml water, 0.1 ml 10% ammonium persulfate, 

and 0.02 ml TEMED. Running gel was poured into the gel set, covering 2/3 of the area. 75% 

ethanol was added slowly to cover the running gel. After polymerization of the running gel, 

ethanol was drained and the stacking gel that contained 2.6 ml of 30% acrylamide/0.8% bis-

acrylamide, 5 ml 4xTris HCL/SDS pH6.8, 15.5 ml water, 0.1 ml 10% ammonium persulfate, and 

0.02 ml TEMED was poured on top of the running gel. The comb was inserted and gel was 

allowed to polymerize. To prepare the samples, 40 ug of WCE was mixed with 6x SDS sample 

buffer. The samples were boiled for 5 min, then centrifuged for 1 min and immediately loaded on 
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a gel together with pre-stained molecular weight markers (Bio-Rad Laboratories, Hercules, 

CA). Electrophoresis was carried out at 120V for 1 hr in 1X electrophoresis running buffer (15.1 

gm Tris-base, 72 gm glycine, 5 L of  Milli-Q water, adjust pH to 8.3). When the dye front 

reached the bottom of the gel the electrophoresis was stopped and apparatus was disassembled.  

The stacking gel was cut off and discarded.  The separating gel was immersed in transfer buffer 

in a flat container for 5 min. 

Transfer of proteins to membrane - PVDF transfer membranes (Millipore Corporation, 

Bedford, MA) and four pieces of Whatman paper of the same size were cut. The membrane was 

soaked in methanol for 2 min, transfer “sandwich” was assembled on a transfer cassette (pre-wet 

foam sheet, 2 pre-wet pieces of Whatman paper, membrane, gel, 2 pre-wet pieces of Whatman 

paper, pre-wet foam sheet), pipette was rolled over the “sandwich” to remove all bubbles. The 

transfer cassette was placed into the grooves of a blotting chamber such that the membrane faces 

the positive electrode and the gel faces the negative electrode.  The transfer was carried out at 

100V for 1 hr at 4º C in transfer buffer (15.1 gm Tris-base, 72 gm glycine, 4 L of Milli-Q water,  

chill to 4º C, just before use add 1 L pre-chilled methanol).  After the transfer, the transfer stack 

was disassembled and the membrane was blocked with blocking buffer. 

Detection of proteins  - The transfer membrane was blocked in a blocking buffer (LI-

COR biosciences, Lincoln, NE) at 4º C for overnight. Then the membrane was incubated with 

appropriate concentration of specific primary antibody (p16: Santa Cruz Biotech, Cat#: sc468, 

1:500; GAPDH: Santa Cruz Biotech, Cat#:sc48167, 1:2500) diluted in blocking buffer+0.1 % 

Tween-20 at room temperature for 1 hr on a shaker. After primary antibody incubation the blot 

was washed 3 times with PBS+0.1% Tween-20 for 10 min each on a shaker. Then secondary 

antibodies, diluted in blocking buffer+0.1% Tween-20 was added to the blot and incubated at 
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room temperature for 30 min, away from light (p16: donkey anti rabbit, LI-COR biosciences, 

Cat# 926-32213, IRDye 800CW, 1:10000; GAPDH: donkey anti goat, LI-COR biosciences, 

Cat# 926-32224, IRDye 680CW, 1:10000). After removal of the secondary antibody the 

membrane was washed 3 times with PBS+0.1% Tween-20 for 10 min each on a shaker, away 

from light. The membrane was washed in PBS to remove the residual of Tween-20 before 

scanning.   

 Visualization of proteins – Protein was visualized using the Odyssey Infrared 

Fluorescence Imaging system. The membrane was scanned and the bands were detected by 

different fluorescence channels.   

 

Statistics 

Experiments were performed a minimum of three times. Values are indicated as mean  

SD. Paired Student‟s t-test was used to determine statistical significance. P values <0.05 were 

considered statistically significant. 
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CHAPTER 4 

 

RESULTS 

 

I. Role of p16 in Mediating Growth Inhibition by atRA 

Ectopic expression of p16 increases growth inhibition of SKOV3 cells with atRA treatment 

 Our laboratory uses CAOV3 and SKOV3 ovarian carcinoma cell lines to study the 

mechanism of atRA mediated growth arrest. As we have previously reported, Figure 11 shows 

that treatment with 10
-6

M atRA for 7 days results in ~50% of growth inhibition in CAOV3 cells 

but not in SKOV3 cells (Wu et al., 1987; Soprano et al., 1999). Our laboratory has also 

previously reported that p16 is expressed in CAOV3 cells but not in SKOV3 cells (Zhang et al., 

2001). The western blot shown in Figure 12 confirms this previous observation and shows the 

expression of p16 increases slightly following treatment of CAOV3 cells with atRA.  

 Since the presence of p16 appears to correlate with atRA mediated growth arrest of 

CAOV3 cells, we wished to investigate the effect of ectopic expression of p16 in SKOV3 cells 

(which do not express p16), on the ability of atRA to inhibit growth. We transfected SKOV3 

cells with a p16 expression plasmid and selected stable clones by ability to grow in the presence 

of the drug G418. Figure 13 shows that clones SK1, SK3, SK5, and SK12 express p16 mRNA. 

In order to determine the effect of p16 ectopic expression on atRA growth response, we set up a 

7 day growth analysis following treatment on day 0, 2, 4 and 6 with either ethanol or atRA. The 

cells were harvested and counted on day 7. Figure 14 shows that the SKOV3 clones which 

ectopically express p16 were growth inhibited following treatment with 10
-6

M atRA. The 

percentage of growth inhibition calculated for the clones was as follows: SK1 (28%), SK3 
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(13%), SK5 (30%) and SK12 (20%). Although the percentage of growth inhibition observed 

in the SKOV3 clones was not as high as that observed in CAOV3 cells (47%), these percentages 

were still significantly higher than the wild type or empty vector transfected SKOV3 cells (6%). 

Additionally, there seems to be a correlation between the percentage growth inhibition and the 

amount of p16 expressed in the clone. For example, semi-quantitative RT-PCR indicates that the 

SK13 clone expressed the least amount of p16 mRNA, and exhibited the smallest percentage of 

growth inhibition. In contrast, the SK1 clone and the SK5 clone, expressed higher amounts of 

p16 and both exhibited a higher percentage of growth inhibition.         

 Although the results described above appeared to be very encouraging, we failed to 

observe growth inhibition for each of the SKOV3 clones 7 days after atRA treatment when we 

tried to repeat the growth analysis following a period of repeated passaging of the clones (~4 

passages) (Figure 15). Analysis of ectopic expression of p16 by RT-PCR showed that each of 

these clones no longer expressed p16 (Figure 15A).  

Since it was possible that loss of ectopically expressed p16 could have resulted from a 

technical problem related to the maintenance of the SK clones in culture, a new set of SKOV3 

clones which ectopically expressed p16 was generated.  Figure 16 shows the RT-PCR analysis of 

p16 mRNA expression in all of the isolated, single cell clones prepared.  It can be seen that 

clones SK16, SK17, SK21 to SK30 express p16 mRNA.  Three of these clones (SK16, SK25 and 

SK30) were selected for follow-up studies to determine the effect of atRA treatment on the 

growth of these cells over a 7 day period.  Figure 17 shows the results of this experiment.  It can 

be seen that atRA treatment of SK16 resulted in 30% growth inhibition compared to the ethanol 

treated cells.  Likewise, growth of the SK25 clone was inhibited 38% by atRA treatment 

compared to the ethanol treated control.  Finally, growth of clone SK30 was inhibited 53% by 
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atRA treatment compared to the cells treated with ethanol for the same amount of time.  Thus, 

these experiments confirmed the results obtained with the previously generated SKOV3 cell 

clones which ectopically expressed p16.  Clearly, expression of p16 in SKOV3 cells converts 

these cells from atRA resistant to atRA sensitive with respect to the growth response.  However, 

once again, upon repeated passage of these clones (~3 passages), the p16 expression was lost and 

the resultant cell clones reverted to the atRA resistant phenotype (Figure 18). 

 Given that the loss of p16 expression occurs during such a short time, we chose not to 

move forward with this project and decided to examine the expression of other candidate genes 

that might mediate growth inhibition by atRA in the CAOV3 and SKOV3 cell model system.   
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Figure 11. atRA treatment induces 40%-50% of growth inhibition in CAOV3 cells but not 

SKOV3 cells. CAOV3 and SKOV3 cells were treated with either ethanol or 10
-6

M atRA for the 

indicated time. The cells were trypsinized and counted using a  hemacytometer. Data presented 

represent the mean +/- s.d. of three independent experiments. % inhibition is calculated as 

[(number of cells treated in ethanol - number of cells treated in atRA)/number of cells treated in 

ethanol] X 100.          
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Figure 12. CAOV3 cells express p16 but SKOV3 cells do not express p16. Western Blot 

Analysis performed on whole cell extracts (WCE) collected from both CAOV3 and SKOV3 cells 

treated with either ethanol or 10
-6

M atRA for 7 days. 20ug of WCE was loaded onto a 

polyacrylamide gel. GAPDH was used as a loading control.  
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Figure 13. RT-PCR analysis of SKOV3 clones expressing ectopic p16 mRNA. RT-PCR 

performed on total RNA extracted from G418 resistant SKOV3 clones shows that 4 of 13 clones 

express p16. GAPDH was used as a loading control. SK: wild type SKOV3 parent cells; SKE: 

SKOV3 cells transfected with empty vector.    
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Figure 14. atRA mediated growth inhibition was observed in SKOV3 clones which 

ectopically express p16. Growth analysis was performed following ethanol or 10
-6

M atRA 

treatment for 7 days. Cells were trypsinized and counted using a hemacytometer. A) The growth 

of SKOV3 clones which ectopically express p16 was inhibited following treatment with atRA 

for 7 days. B) SKOV3 clones which ectopically express p16 have a higher percentage of growth 

inhibition compared to wild type SKOV3 and SKOV3 cells transfected with empty vector. % 

inhibition is calculated as [(number of cells treated in ethanol - number of cells treated in 

atRA)/number of cells treated in ethanol] X 100. SKOV3E: SKOV3 expressing empty vector. 

*p<0.03         
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Figure 15A. After several passages, SKOV3 clones which have previously been shown to 

ectopically express p16, do not exhibit atRA mediated growth inhibition. Growth analysis 

was performed on SKOV3 clones which had previously been shown to ectopically express p16. 

After being subcultured for approximately 4 additional passages, each clone was treated with 

either ethanol or 10
-6

M atRA for 7 days. The cells were trypsinized and counted using a 

hemacytometer.    
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Figure 15B. Exogenous p16 mRNA expression was not confirmed by RT-PCR performed 

on total RNA extracted from the SKOV3 clones. RT-PCR was performed on total RNA 

isolated from each of the SKOV3 clones previously shown to ectopically express p16. None of 

these SKOV3 clones were found to express exogenous p16 mRNA.SK12-1: total RNA obtained 

from first growth analysis shown in Figure 13 was used as a positive control. GAPDH was used 

as the normalization control.  
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Figure 16. New set of SKOV3 clones ectopically express p16 mRNA. RT-PCR performed on 

total RNA extracted from G418 resistant SKOV3 cell clones shows that all of the clones 

analyzed were found to express p16 but did so at different levels. GAPDH was used as a 

normalization control. Clones with * were chosen for follow-up growth analysis studies.       
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Figure 17. The SKOV3 clones which ectopically express p16 exhibit atRA mediated growth 

inhibition following atRA treatment. Growth analysis was performed following ethanol or 10
-

6
M atRA treatment for 7 days. After 7 days, cells were trypsinized and counted using a 

hemacytometer. A) The growth of SKOV3 clones which ectopically express p16 was inhibited 

following atRA treatment. B) SKOV3 cell clones which ectopically express p16 exhibited a 

higher percentage of growth inhibition compared to wild type SKOV3 or SKOV3 cells 

transfected with empty vector. % inhibition is calculated as [(number of cells treated in ethanol - 

number of cells treated in atRA)/number of cells treated in ethanol] X 100. SKOV3E: SKOV3 

expressing empty vector. *p<0.01; **p<0.03.        
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Figure 18A. After repeated passage, SKOV3 clones, previously shown to ectopically express 

p16, do not exhibit growth inhibition following atRA treatment. After approximately 3 

passages, SKOV3 clones were treated with either ethanol or 10
-6

M atRA for 7 days. The cells 

were trypsinized and counted using a hemacytometer on day 7.    
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Figure 18B. RT-PCR performed on the second set of SKOV3 clones does not confirm 

exogenous p16 mRNA expression. RT-PCR was performed on total RNA isolated from each of 

the SKOV3 clones previously shown to ectopically express p16. None of these SKOV3 clones 

were found to express exogenous p16 mRNA.SK30-1: total RNA obtained from first growth 

analysis shown in Figure 16 was used as a positive control. GAPDH was used as the 

normalization control.  

. 
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II. Role of Homeobox Genes in Mediating Growth Inhibition by atRA 

 

 Since our laboratory had previously observed differences in expression of several 

homeobox genes when we compared atRA sensitive oral squamous carcinoma cells (SCC) to 

atRA resistant oral squamous cell carcinoma cells, we decided to analyze the expression of these 

same genes in CAOV3 cells versus SKOV3 cells following atRA treatment for various lengths of 

time. 

 

mRNA expression of homeobox genes in CAOV3 cells and SKOV3 cells treated with 

ethanol and atRA.  

The expression level of 13 homeobox genes was elucidated by RT-PCR using mRNA 

obtained at different time points following treatment of CAOV3 cells and SKOV3 cells with 

either ethanol or atRA. The 13 homeobox genes that were analyzed were ALX1, DLX3, HLX, 

HOXA1, HOXB4, HOXB7, HOXB9, HOXC8, HOXD10, HOXD11, HOXD12, PROX1 and 

TGIF. Figure 19 shows the mRNA expression level of the 13 homeobox genes in CAOV3 cells 

normalized by GAPDH expression level. The mRNA expression level of ALX1, DLX3, 

HOXB7, HOXD10, HOXD11 and HOXD12 following treatment with atRA was similar to that 

observed in CAOV3 cells treated with ethanol. However, HLX, HOXA1, HOXB4, HOXB9, 

HOXC8, PROX1 and TGIF showed at least a 2-fold induction following atRA treatment. The 

mRNA expression level of ALX1, DLX3, HOXB7, HLX, HOXA1, HOXB4, HOXB9, PROX1 

and TGIF in SKOV3 cells was similar in ethanol and atRA treated cells (Figure 20). Since there 

was no difference in the mRNA expression level for HOXD10, HOXD11 and HOXD12 in 

CAOV3 cells, we did not pursue these genes in SKOV3 cells. SKOV3 cells do not express 

HOXC8. 
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Figure 19. The pattern of homeobox gene mRNA expression in CAOV3 cells treated with 

ethanol or atRA. RT-PCR was performed on total RNA extracted on Day 1, 3, 5 and 7 

following treatment of CAOV3 cells with either ethanol or atRA. Gray bars: ethanol treated 

cells; Black bars: atRA treated cells. GAPDH (GDH) was used as a normalization control. 

Quantitation was performed using ImageJ software.
1
   Results presented are from one 

representative experiment. 

 

   

                                                 
1
 Quantitation value is shown in Table 5.  
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Figure 20. There is no significant difference in the mRNA expression of different homeobox 

genes in SKOV3 cells treated with ethanol or atRA. RT-PCR was performed on total RNA 

extracted on Day 1, 3, 5 and 7 from SKOV3 cells treated with either ethanol or atRA. Results 

shown are from one representative experiment.  Gray bars: ethanol treated cells; Black bars: 

atRA treated cells. GAPDH (GDH) was used a normalization control. Quantitation performed 

using ImageJ software
2
.       

 

 

 

  

                                                 
2
 Quantitation value is shown in Table 6.  
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We obtained RNA from two more sets of atRA and ethanol treated CAOV3 and 

SKOV3 cells in order to further analyze expression of HLX, HOXA1, HOXB4, HOXB9, 

HOXC8, PROX1 and TGIF since atRA appeared to affect the mRNA expression of these 

particular homeobox genes. Figure 21A shows that HOXA1, HOXB4 and TGIF mRNA 

expression level was up-regulated upon atRA treatment in CAOV3 cells as early as day 3 

following treatment. The mRNA expression level of HOXA1 remains high (>2-fold) until day 7 

following atRA treatment. This was also true of HOXB4. The increase of HOXB4 was ~2-fold. 

TGIF mRNA expression level increased slightly following atRA treatment on day 3 and 

remained at the same level until day 7. The average mRNA expression level for HLX and 

HOXB9 was similar in both the ethanol and atRA treated CAOV3 cells. The expression pattern 

for PROX1 was questionable due to the high standard error in almost all of the time points 

except for day 7. HOXC8 average mRNA expression level increased more than 3-fold on day 7 

(Figure 21B).  

In contrast to our results with CAOV3 cells, the average mRNA expression level for 

HOXA1, HOXB4, HLX, HOXB9, PROX1 and TGIF was similar for all time points in both 

ethanol and atRA treated SKOV3 cells (Figure 22) Taken together, these results suggest that 

these homeobox genes may play a role in growth inhibition mediated by atRA in CAOV3 cells. 

Based on these results, we next decided to analyze expression of HOXA1, HOXB4 and TGIF by 

real-time quantitative PCR to confirm the up-regulation of their mRNA expression level in 

CAOV3 cells and obtain more valid quantitation of the extent of this induction following atRA 

treatment.          
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Figure 21A. Mean mRNA expression level of HOXA1, HOXB4 and TGIF in CAOV3 cells 

treated with ethanol or 10
-6

M atRA. RT-PCR was performed on total RNA extracted on Day 

1, 3, 5 and 7 following treatment of CAOV3 cells with either ethanol or atRA. HOXA1, HOXB4 

and TGIF mRNA expression level was found to be up-regulated following atRA treatment as 

early as day 3. Gray bars: ethanol treated cells; Black bars: atRA treated cells. Day 1 ethanol 

treated value was set to 1.0 and all other values were calculated relative to this. GAPDH was 

used as normalization control for all samples. Data are presented as mean +/- s.d. of triplicate 

independently treated, prepared and analyzed samples. Quantitation was performed using ImageJ 

software
3
.   

                                                 
3
Quantitation value is shown in Table 7. 
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Figure 21B. Mean mRNA expression level of HLX, HOXB9, PROX1 and HOXC8 in 

CAOV3 cells treated with ethanol or 10
-6

M atRA. RT-PCR performed on total RNA extracted 

on Day 1, 3, 5 and 7 from CAOV3 cells treated with either ethanol or atRA. HLX, HOXB9 and 

PROX1 mRNA expression level did not change in atRA treated cells while a higher induction 

was observed with HOXC8 seven days after atRA treatment. Gray bars: ethanol treated cells; 

Black bars: atRA treated cells. Day 1 ethanol treated value was set to 1 and all other values were 

compared to this. GAPDH was used as the normalization control for all samples. Data are 

presented as mean +/- s.d. of triplicates. Quantitation performed using ImageJ software
4
.   

 

                                                 
4
 Quantitation value is shown in Table 7.  
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Figure 22. Mean mRNA expression level of homeobox genes in SKOV3 cells treated with 

ethanol and 10-6M atRA. RT-PCR was performed on total RNA extracted on Day 1, 3, 5 and 7 from 

SKOV3 cells treated with either ethanol or atRA. HOXA1, HOXB4, HLX, HOXB9, PROX1 and 

TGIF mRNA expression level was similar in both ethanol and atRA treated cells. Gray bars: ethanol 

treated cells; Black bars: atRA treated cells. GAPDH was used as a normalization control. Data are 

presented as mean +/- s.d. of three independently treated, prepared and analyzed samples. 

Quantitation was performed using ImageJ software5.   

                                                 
5
 Quantitation value is shown in Table 8.  
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Real-time qPCR showed high induction of HOXA1, some induction of HOXB4 and no 

induction of TGIF in atRA treated CAOV3 cells.  

 To confirm that the mRNA expression level of HOXA1, HOXB4, and TGIF is indeed up-

regulated following treatment with atRA, real-time qPCR was performed. Figure 23A shows the 

analysis of mRNA expression level of the three genes in CAOV3 cells. HOXA1 mRNA 

expression increased 2-fold one day after atRA treatment and further increased to 12-fold by day 

3 and 15-fold by day 7. We did not see as high an increase in HOXB4 mRNA expression. The 

increase in expression was gradual and reached 4-fold by 7 days after atRA treatment. In 

contrast, we did not see any significant difference in TGIF expression in ethanol and atRA 

treated cells at all time points. As expected, there was no difference in HOXA1 and HOXB4 

mRNA expression in ethanol and atRA treated cells in SKOV3 cells, as shown in Figure 23B.   

 Since there was such a high increase in HOXA1 expression between day 1 and day 3 

following atRA treatment of CAOV3 cells, we repeated the analysis with additional time points. 

The HOXA1 mRNA expression level increased 2-fold on day 1, 8-fold on day 2, 12-fold on day 

3, 13-fold on day 5, and 15-fold on day 7, as shown in Figure 24.     

 These results suggest that atRA up-regulation of HOXA1 and HOXB4 mRNA expression 

level may play a role in mediating growth inhibition by atRA.  
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Figure 23A. Real-time qPCR results of HOXA1, HOXB4 and TGIF expression in ethanol 

or atRA treated CAOV3 cells. CAOV3 Cells were treated with either ethanol or 10
-6

M atRA . 

Total RNA was extracted on Day 1, 3, 5 and 7. RT-qPCR analysis was performed to determine 

the induction of HOXA1, HOXB4, and TGIF mRNA expression following atRA treatment.  

Gray bars: ethanol treated cells; Black bars: atRA treated cells. HPRT was used as a 

normalization control. Data shown are from one of two independent experiments each assayed in 

triplicate yielding essentially the same results. Mean +/- s.d. p*<0.005; p**<0.05.   
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Figure 23B. Real-time qPCR results of HOXA1 and HOXB4 mRNA expression in SKOV3 

cells following ethanol or atRA treatment. SKOV3 Cells were treated with ethanol or 10
-6

M 

atRA. Total RNA was extracted on Day 1, 3, 5 and 7. RT-qPCR analysis was performed to 

determine the mRNA expression level for HOXA1 and HOXB4 at various times following 

ethanol or atRA treatment.  Gray bars: ethanol treated cells; Black bars: atRA treated cells. 

GAPDH was used as a normalization control. Day1 ethanol value was set to 1.0 and all other 

values were compared to this. Expression level at each time point was assayed in triplicate.  Data 

plotted represent Mean +/- s.d.   
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Figure 24. Real-time qPCR analysis of the expression of HOXA1 in CAOV3 cells.  Total 

RNA was extracted from CAOV3 cells at the indicated time points following ethanol or 10
-6

M 

atRA treatment. RT-qPCR analysis was performed to determine the level of induction of 

HOXA1 mRNA expression following atRA treatment. Gray bars: ethanol treated cells; Black 

bars: atRA treated cells. HPRT was used as a normalization control. The Day1 ethanol 

expression value was set to 1.0 and all other expression values were compared to this. 

Expression at each time point was assayed in triplicate and the results expressed as the mean +/- 

s.d. *p<0.005.  
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The up-regulation of HOXA1 and HOXB4 mRNA expression level is due to atRA and 

not growth reduction in CAOV3 cells.  

 The observation that induction of HOXA1 and HOXB4 mRNA expression following 

atRA treatment occurs in atRA sensitive cells but not in atRA resistant cells is consistent with the 

possibility that induction of these genes could mediate the growth inhibition observed in atRA 

sensitive cells. However, it is also possible that the up-regulation of the expression of these genes 

is merely the result of the fact that growth is reduced in CAOV3 cells treated with atRA.  In such 

a case, HOXA1 and HOXB4 induction would only be a secondary effect of atRA growth 

inhibition and would not be involved with the cause of the atRA dependent inhibition of growth.      

 To determine whether the up-regulation of HOXA1 and HOXB4 mRNA expression level 

is specific to atRA mediated growth suppression or a general secondary response due to 

reduction in growth in CAOV3 cells, we repeated our analysis in cells which were growth 

arrested by an alternative method- i.e. growth of CAOV3 cells in serum depleted media. Real-

time qPCR was performed on the cDNA of the serum depleted, growth arrested cells. Actively 

proliferating CAOV3 cells grown in DMEM+10% FBS were used as a control. Figure 25 shows 

that both HOXA1 and HOXB4 mRNA expression did not increase in cells growth arrested in 

serum depleted media. For comparison, day 5 ethanol and atRA treated CAOV3 cells were used 

as positive control.  

 These data clearly suggest that atRA induction of HOXA1 and HOXB4 mRNA in 

CAOV3 cells plays a role in mediating growth suppression by atRA.   
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Figure 25. Real-time qPCR analysis of HOXA1 and HOXB4 mRNA expression in CAOV3 

cells following growth in serum depleted or normal serum medium. CAOV3 cells were 

grown in low serum (0.5%FBS) medium or normal serum medium (10% FBS) for 3, 4 and 5 

days. Total RNA was extracted and RT-qPCR was performed. HPRT was used as a 

normalization control. Total RNA extracted from Day 5 ethanol or atRA treated CAOV3 cells 
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was used as positive control. Data shown are from one of three independent experiments 

each assayed in triplicate yielding essentially the same results. Data presented as mean +/- s.d.   

 

CAOV3 cells expressed both the long form HOXA1 mRNA and the truncated HOXA1 

mRNA following atRA treatment.  

              Previously published studies have shown that 2 alternatively spliced Hoxa1 transcripts 

are expressed in F9 teratocarcinoma cells (Fernandez and Gudas, 2009). One encodes a 

homeodomain-containing protein and the other product lack the conserved DNA-binding domain 

(Figure 26).  Since we have shown that HOXA1 expression is induced in CAOV3 cells by atRA 

treatment, we were interested to determine which of these alternatively spliced transcripts were 

up-regulated upon atRA treatment. Several new reverse primers were designed to distinguish 

among these alternatively spliced transcripts. More specifically, one spans the HOXA1 

homeodomain and therefore will detect the long form and another flanks an intron that will 

detect the truncated form. RT-PCR was performed on the total RNA obtained from three 

independent sets of ethanol and atRA treated CAOV3 cells. Figure 27 shows a representation of 

one RT-PCR experiment and Figure 28 shows the average results of all 3 experiments. The 

mRNA expression for the long form was found to increase 2-fold on day 3 and increased 

gradually to 3-fold by day 7 following atRA treatment. On the other hand, expression of the 

truncated form of HOXA1 almost tripled as early as day 1, and remained up-regulated to 3-fold 

by day 7 when compared to the ethanol treated cells for the same days. This suggests that atRA 

induces both the long form and the truncated form of HOXA1. However, atRA treatment results 

in earlier and slightly higher induction of the truncated form of HOXA1.  
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Figure 26. Schematic representation of the alternatively spliced Hoxa1 transcripts. Black 

triangles indicate common splice sites. Truncated form (TF) of Hoxa1 undergoes additional 

splicing event, indicated by white triangles. A) Long form of Hoxa1 (LF). B) Truncated form of 

Hoxa1 (TF).  

       : Forward Primer;       : Reverse Primer for LF;       : Reverse primer for TF; 

       : Forward and Reverse primers for total HOXA1 

 

B 

A 

Fernandez and Gudas, 2009. 
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Figure 27. PCR products of HOXA1 alternatively spliced transcripts. CAOV3 cells were 

treated with either ethanol or 10
-6

M atRA. Total RNA was collected on day 1, 3, 5, and 7 and 

RT-PCR was performed. HOXA1 LF (long form) is the 2.2 kb version of HOXA1 while 

HOXA1 TF (truncated form) is the 2.0 kb version of HOXA1. HPRT is used as a normalization 

control. (CE1: CAOV3 Ethanol Day 1; CR1: CAOV3 atRA Day 1; H20: negative control) 

Results shown are representative of one of three independently performed experiments.  
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Figure 28. Expression of alternatively spliced transcripts of HOXA1 in CAOV3 cells 

treated with ethanol or atRA at different time points.  RT-PCR was performed on total RNA 

extracted at the indicated time points following either ethanol or atRA treatment. HOXA1 full 

length (FL) doubled in presence of atRA on day 3 and increases gradually to 3-fold by day 7 

while HOXA1 truncated form (TF) almost tripled 1 day after atRA treatment and peaked at day 5 

to 8-fold before it decreased slightly to 7-fold on day 7.  HPRT was used as a normalization 

control. Mean +/- s.d. from three independent experiments. *p<0.05.    

* * * 

* 

* 

* * 
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HOXB1 mRNA expression does not increase following induction of  HOXA1 mRNA.  

      Many reports have shown that HOXB1 is a target gene of HOXA1. There are multiple 

RAREs in the 3‟Region of HOXB1 (Marshall et al., 1996; Langston et al, 1997; Huang et al., 

1998). Struder et al. (1998) demonstrated that Hoxa1 (lowercase for mouse) and Hoxb1 play 

important roles in patterning segmental units (rhombomeres). Using a mouse model, genetic 

analysis of double mutants demonstrates that both Hoxa1 and Hoxb1 participate in the 

establishment and maintenance of Hoxb1 expression in rhombomere 4 through auto- and para-

regulatory interactions. Hoxb1 expression in rhombomere 4 is dependent on the early activation 

of both Hoxa1 and Hoxb1 by endogenous retinoids. Therefore, we wanted to examine whether 

the expression of HOXB1 increases following atRA treatment since we showed that HOXA1 

mRNA expression increases following atRA treatment. The results of our analysis of HOXB1 

expression by RT-PCR is shown in Figure 29. It is clear that there is no difference in the mRNA 

expression level of HOXB1 following treatment of CAOV3 cells with either ethanol or atRA. 

This suggests that HOXB1 may not be a target of HOXA1 in ovarian cancer cells.    
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Figure 29. Expression of HOXB1 in CAOV3 and SKOV3 cells treated with ethanol or atRA 

at different time points.  RT-PCR was performed on total RNA extracted on Day 1, 3, 5 and 7 

following treatment with either ethanol or atRA. HOXB1 mRNA expression did not change in 

CAOV3 cells and in SKOV3 cells following either ethanol or atRA treatment. Gray bars: ethanol 

treated cells; Black bars: atRA treated cells. HPRT was used as normalization control.    
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CHAPTER 5 

 

DISCUSSION 

 

The role of p16 in atRA mediated growth inhibition.  

 Our laboratory has previously reported that p16 is expressed in CAOV3 but not in 

SKOV3 (Zhang et al., 2001). Since CAOV3 cells are sensitive to the growth inhibitory effects of 

atRA while SKOV3 cells are resistant to the growth inhibitory effects of atRA, we wanted to 

determine whether p16 plays a role in atRA mediated growth inhibition. We overexpressed p16 

in SKOV3 and showed that SKOV3cells which ectopically express p16 became sensitive to 

atRA treatment (Figure 13). Although the percentage of growth inhibition mediated by atRA for 

these clones were not as high as routinely observed in CAOV3 cells, the percentages were still 

higher compared to the wild type SKOV3 cells (28%, 13%, 30%, 20% vs. 6%). This suggests 

that p16 may play a role in atRA mediated growth inhibition.  

The exact mechanism by which p16 and atRA mediate growth inhibition is not known.  

Since we did not see a significant increase in p16 expression upon treatment with atRA, it does 

not appear to involve or require direct induction of expression of p16 by atRA.    This is 

consistent with the work of  Li et al. (2011) who analyzed the different regulators of transcription 

in the promoter region of the p16 gene. No RARE is present in this region.  However, previous 

work from our laboratory by Zhang et al (2001) and Purev et al. (2006) studied the effect of 

atRA treatment on expression, activity and function of several growth-regulatory genes. Figure 

30 shows the regulation by atRA of a variety of genes in the Rb pathway, a pathway in which 
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p16 is involved. For example, in CAOV3 cells, atRA treatment leads to hypophosphorylation 

of catalytic subunit of PP2A.  This increases PP2A activity, leading to binding of the N-terminal 

of PP2A to the C-terminal of Rb2. This binding results in hypophosphorylation of Rb2 protein. 

Hypophosphorylated Rb2 is resistant to ubiquitination and as a result Rb2 protein levels increase 

significantly.  Moreover, the unphosphorylated nucleotides at position S1080 and T1097 of Rb2 

bind to Importin α, which is a nuclear localization protein. Importin α binds to Importin β leading 

to transport of Rb2 to the nucleus where it functions to maintain cells stay in the G0/G1 phase. In 

addition, Radu et al. (2008) showed that the level of the CDK inhibitor, p27, is elevated 

following atRA treatment.  This leads to a decrease in CDK4 protein activity and a decrease in 

phosphorylation of Rb and Rb2. Since p16 also functions as a CDK inhibitor, it is certainly 

possible that it acts in a manner similar to p27, binding and inactivating CDK4, providing 

another mechanism for reducing phosphorylation of Rb and Rb2, thereby driving cells to enter 

and remain in G0/G1 growth arrest.      

 Several papers have reported that the overexpression of p16 itself reduces growth rate in 

WMM1175 melanoma cell line (Haferkamp et al., 2008) and in 2774, OVCA420 and SKOV3ip1 

cells (Modesitt et al., 2001). However, we did not observe this display in SKOV3 cells 

overexpressing p16. It should be noted that the SKOV3ip1 cells used by Modesitt et al. were 

different from the SKOV3 cells that were used in our laboratory. The SKOV3ip1 cell line was 

generated from ascites developed in nu/nu mouse by administering an intraperitoneal injection of 

SKOV3 cells. This difference may cause the modification observed between our SKOV3 cells 

and SKOV3ip1 cells from Modesitt et al.  



 108 

 We were not able to move forward with the SKOV3 overexpressing p16 cells because 

we could not repeat our observation that SKOV3 cell clones which ectopically expressed p16 

were growth inhibited by atRA. Since this occurred after repeated passage and subculture of 

these clones, we hypothesized that it might have been possible that the clones had lost the p16. 

RT-PCR was performed and showed that in fact the clones no longer expressed exogenous p16 

(Figure 15A). We repeated the transfection twice and generated new SKOV3 clones which 

ectopically expressed different levels of p16.  In each case, we obtained the same results. The 

clones initially expressed p16 and the growth was significantly inhibited by atRA treatment.  

However, upon repeated passage, the growth response was lost and p16 mRNA could no longer 

be detected by RT-PCR analysis. The time frame for the loss of p16 expression occurred in less 

than two weeks (~3-4 passages). PCR performed on genomic DNA isolated from the SKOV3 

clones targeting the neomycin region was unsuccessful. Additionally, RT-PCR performed on 

total RNA extracted from the SKOV3 clones following 5-azadeoxycytidine failed to show 

exogenous expression of p16 mRNA. One possible mechanism for p16 silencing might be micro 

RNA.  However, Lal et al. (2008) has shown that ectopic expression of miR-24, which targets 

p16, reduces p16 protein level but not p16 mRNA level in HeLa cells. Thus, this report does not 

provide an explanation for our results since we were not able to detect p16 mRNA in the clones.  

 Despite the inability to follow up these initial observations with more mechanistic 

studies, it seems clear that modulation of p16 expression can influence the growth response of 

SKOV3 cells to atRA.  Clearly, ectopic expression of p16 leads to partial growth inhibition upon 

atRA treatment.  Likewise, loss of p16 from these previously atRA sensitive cell clones converts 

them to atRA resistant.  It is possible that use of an inducible expression system such as the tet-
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on or tet-off could be used to study the mechanism by which p16 helps to mediate atRA 

growth inhibition.  

 These results suggested that p16 was a potential molecular target for atRA mediated 

growth suppression of ovarian carcinoma cells. This study also supports the observation made in 

other cell models that p16 plays a role in reduction of cellular proliferation.  

There appears to be a correlation between lack of p16 expression and malignancy in 

many type of tumors. Hence the results from this study suggest that p16 is in fact an important 

growth regulatory molecule which can be a potential effective target for chemotherapeutic 

intervention with growth suppressive agents including retinoids.  

 Understanding the molecular mechanisms of atRA mediated growth arrest of ovarian 

carcinoma cells is important since it would allow us to design better treatment strategies for this 

deadly disease. Based on the findings of this study, the potential role of p16 in regulating atRA 

mediated growth inhibition for ovarian cancer needs to be explored further. Analysis of p16 

levels in tumor tissue and subsequent modulation of p16 protein levels using gene therapy could 

be used to increase sensitivity of these tumors to retinoid treatment.  
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Figure 30. Possible mechanisms for growth suppression mediated by atRA in CAOV3 cells. 
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The Role of Homeobox Genes in atRA Mediated Growth Arrest 

 Our laboratory has recently looked at mRNA expression level of different homeobox 

genes in oral squamous cell carcinomas (OSCC) in order to determine whether homeobox genes 

play a role in atRA mediated growth inhibition (Acquafreda et al., 2010). Two OSCC cell lines 

were used, SCC-25 which is atRA sensitive and SCC-9 which is atRA resistant.  The results 

showed that the expression of 9 homeobox genes was down-regulated while the expression of 4 

homeobox genes was up-regulated in SCC-25 cells but not in SCC-9 cells. We were therefore 

interested to determine if a similar relationship could be observed in our ovarian carcinoma cell 

model.  We examined the expression level of the 13 homeobox genes that were shown to be 

differentially expressed in SCC-25 when compared to SCC-9 following atRA treatment in 

CAOV3 and SKOV3 cells. While we observed up-regulation of 4 homeobox genes (HOXB3, 

EN2, HOXD1 and VAX1) in SCC-25 and down-regulation of 9 homeobox genes in SCC25 

(ALX1, ALX4, DLX3, DLX6, HLX, HOPX, SIX3, TLX1 and MEOX1), we do not see the same 

mRNA expression pattern in ovarian carcinoma cell lines. In the ovarian carcinoma model 

system, at least one of the time points for HOXA1, HOXB4, HOXC8 and TGIF showed 2-fold 

induction upon atRA treatment in CAOV3 cells (Figure 19). The mRNA expression level of 

ALX1, DLX3, HOXB7, HOXB9, HOXD10, HOXD11, HOXD12, HLX, and PROX1 following 

treatment of atRA was similar to that found in ethanol in CAOV3 cells. No difference in the 

mRNA expression level was observed for the same homeobox genes in SKOV3 cells following 

ethanol or atRA treatment. While there appears to be a differential induction of expression by 

atRA of several homeobox genes in atRA sensitive CAOV3 cells but not in atRA resistant 

SKOV3 cells, the homeobox genes exhibiting this differential expression are clearly different 
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from those which exhibited differential expression in the oral squamous cell carcinoma 

model. These differences may be specific to tissues and/or cell lines.  

Since the results for HOXA1 and HOXB4 looked more promising than the others, we 

further performed real-time quantitative PCR (RT-qPCR) for both CAOV3 and SKOV3 cells. 

RT-qPCR results showed that HOXB4 mRNA expression increases around 2-fold on day 3 while 

HOXA1 mRNA expression increases 2-fold one day after treatment.  This confirms that these 

two homeobox genes are differentially regulated in atRA sensitive CAOV3 cells compared to 

atRA resistant SKOV3 cells. However, it is likely that atRA does not directly mediate cell 

differentiation and growth arrest since the difference takes place one or more days after atRA 

treatment. Normally, atRA triggered transcription occurs hours after exposure (Kashyap et al., 

2011). In our case, since atRA induction occurs at least one day after treatment, this suggests that 

these genes are downstream effectors of atRA signaling in the CAOV3 cells. This is interesting 

because some of the homeobox genes that were up-regulated by atRA such as HOXA1 and 

HOXB4 have one or more RAREs at the 3‟ region. It is possible that the location of RAREs 

require a feedback loop that allows the increase to occur, thus causing a delay in the induction.  

 The fact that the induction of both HOXA1 and HOXB4 mRNA expression may be 

important in the mechanism of atRA growth arrest and not merely a generalized response to 

overall growth reduction in CAOV3 cells was shown by the fact that we did not observe similar 

increases in HOXA1 and HOXB4 expression when we used an alternative method to growth 

arrest the CAOV3 cells.   

Several reports have shown that some homeobox genes actually expressed two isoforms, 

one isoform contains the homeodomain (HD) and another truncated variant does not contain the 
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HD. The function of the truncated form is still unknown. One such example is Hoxa9 in 

mouse. Full length Hoxa9 is expressed in adult kidney and hematopoietic precursors (bone 

marrow, thymus and spleen) while Hoxa9T (truncated form) is also expressed in kidney, bone 

marrow, and spleen but not in thymus. Additionally, Hoxa9T is also abundant in genital tract, 

kidney, forelimb and tail of mouse embryos. Both the full length and truncated Hoxa9 localized 

differently in the cell. Full length Hoxa9 is localized in the nucleus while Hoxa9T is localized in 

both nucleus and cytoplasm (Dintilhac et al., 2004). Another report has shown using GFP-fusion 

proteins to demonstrate that the full-length HOXB6 protein is also localized in the nucleus while 

the truncated protein is largely cytoplasmic. HOXB6 is induced by differentiation while 

HOXB6T is expressed in undifferentiated keratinocytes (Komuves et al., 2000). The Drosophila 

melanogaster homothorax (hth) proteins have distinct function during development. Hth full 

length protein is involved in antennal identity while the truncated form is involved in the 

proximal appendage development (Noro et al., 2006). Reports have shown that HOXA1 

expresses 3 isoforms in MCF7 breast cancer cells (Chariot et al., 1995), while LaRosa and Gudas 

(1988) found two isoforms in F9 teratocarcinoma stem cells. For our initial studies, the primers 

used to detect HOXA1 recognized both the full length and the truncated form. In order to 

examine the expression level of the HOXA1 isoforms, two sets of primers were designed that 

could differentiate the full length from the truncated form. The average RT-qPCR data obtained 

from 3 sets of growth analysis shows that both the full length and the truncated form are induced 

by atRA. Fernandez and Gudas (2008) reported that the full length Hoxa1 is rapidly 

transcriptionally activated by atRA (<8 hr) while the truncated Hoxa1 is transcriptionally 

activated at later times (72 hr) in F9 teratocarcinoma cells. We do not see this pattern in CAOV3 

cells. The mRNA expression of the truncated form tripled 1 day after treatment while the full 



 114 

length reaches 2-fold 3 days after treatment. This difference may be due to the cell line used. 

Fernandez and Gudas (2008) also proposed 2 similar models for the role of the truncated 

HOXA1 (Figure 30). Both models show that the truncated Hoxa1 function as an inhibitor for the 

transcription of Hoxb1. In one of their models, full length Hoxa1 forms a complex with Pbx1a (a 

member of PBC class of Three-Amino Acid Loop Extension (TALE) homeodomain proteins) 

and they bind directly to one of the auto-regulatory elements (R3) on the Hoxb1 promoter to 

induce its expression. However, in presence of truncated Hoxa1, this protein binds to the Hoxa1-

Pbx1a complex through full length Hoxa1 and causes a conformational change. This inhibits the 

complex from binding to the DNA, and reduces transcriptional activation of Hoxb1. Therefore, 

we decided to look at the mRNA expression of HOXB1 since HOXB1 is a very well-known 

target for HOXA1, and is shown to be transcriptionally inhibited by truncated HOXA1. Figure 

29 shows that HOXB1 mRNA expression is comparable in both ethanol and atRA treated 

CAOV3 cells. This result is consistent with the model proposed by Fernandez and Gudas since 

we see induction of HOXA1 truncated form does not increase the transcriptional of HOXB1.    
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Figure 31. Proposed model for the role of truncated Hoxa1 at the R3 region of 

Hoxb1 promoter.  A) HOXA1 -993 (FL) forms a complex with Pbx1a and bind to R3 

region of Hoxb1 promoter to induce its expression. When Hoxa1-399 (TF) is expressed 

at later time, it binds to FL and causes conformational change to the complex. This 

inhibits the complex from binding to DNA, thus reduces transcription activation of 

Hoxb1. B) Two Hoxa1-993/Pbx1a multimers bind to R3 region. Later, Hoxa1-399 binds 

to one of the complex to form a trimer, and inhibits the complex from binding DNA, 

thus reduces transcriptional activation of Hoxb1. R1, R2, R3: auto-regulatory element; 

SOct: Sox/Oct binding site (Fernandez and Gudas, 2008).    
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The above results clearly suggest the important role played by p16, HOXA1 and 

maybe HOXB4 in mediating growth arrest by atRA in ovarian carcinoma cell lines. Since p16 

has been implicated in many types of cancer, it can be used as one of the therapeutic targets 

given that ectopic expression of p16 in SKOV3 induces atRA mediated growth arrest. However, 

an important question yet to be answered is the correlation between atRA and p16. The upstream 

events that lead to the molecular cascade induced by p16 in response to atRA are still unknown. 

Unless we were able to maintain the expression of p16 in SKOV3 cells, we would be able to 

better understand the role of p16 in atRA mediated growth arrest.   

HOXA1 is the first HOX gene turned on in mice, and presumably in the human body, and 

is involved in patterning of the growth of the head, face, and brainstem. Abnormal expression of 

HOXA1 has also been implicated in many types of cancer. Aberrant expression of HOXA1 in 

breast cancer was due to atypical methylated CpG islands around HOXA1 gene in breast cancer 

(Novak et al., 2006). HOXA1 expression is activated in pancreatic exocrine cells and is required 

for exocrine development, possibly by modulating TGF- signaling from the foregut 

mesoderm (Gray et al., 2011). HOXA1 is not up-regulated in pancreatic cancer. In lung cancer, 

HOXA1 loci have been shown to be highly methylated as well (Tsou et al., 2007).  

HOXB4 has been shown to play important roles in human stem cells and in some 

hematopoietic progenitor cells such as in granulocyte-macrophage progenitors and lymphoid 

progenitors. Ectopic expression of HoxB4 in TF1 cells has also been shown to increases the gene 

expression of Cyclin D1and other genes while it decreases c-Myb expression (Zhong et al., 

2010). Looking further into the role of homeobox genes in the regulation of cell cycle events, 

Kawabe et al. (1997) have shown that HOX11 binds to the catalytic subunit of both protein 
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serine-threonine phosphatase 2A and protein phosphatase 1 and promote progression in M-

phase using G2 arrested xenopus oocytes and G2 arrested Jurkat cells following DNA damage by 

γ-irradiation. CDX2, another homeobox gene, activated the transcription of p21 by binding to the 

promoter of p21 in a p53-independent manner. Overexpression of CDX2 increased the mRNA 

expression of p21 in HT-29 colon carcinoma cells (Bai et al., 2003).  HOXA10 has been shown 

to bind directly to the p21 promoter and, together with its trimeric partners PBX1 and MEIS1, 

activate p21 transcription, resulting in cell cycle arrest and differentiation (Bromleigh and 

Freedman, 2000).   The overexpression of Gax, a homeobox protein, can inhibit cell proliferation 

in a p21-dependent manner, by increasing p21 expression and its association with CDK2, leading 

to the inhibition of cellular proliferation (Smith at al., 1997). The homeobox gene Msx1 has been 

shown to up-regulate the expression of cyclin D1 and CDK4 activity, thus preventing cells from 

undergoing differentiation in progenitor cells (Hu et al., 2001). These reports suggest that 

HOXA1 and HOXB4 may also involve in the cell cycle progression leading to atRA mediated 

growth arrest.     

Additionally, the splicing event that occurs during the transcription regulation leading to 

the production of both the full length as well as the truncated form of HOXA1 is interesting to 

us. One of the proteins hypothesized to be involved in mRNA processing is Acinus (apoptotic 

chromatin condensation inducer in the nucleus). Acinus is a nuclear protein reported to induce 

apoptotic chromatin condensation in the nucleus and possibly to mediate nuclear structural 

changes in normal cells. Acinus proteins are found expressed as three isoforms termed Acinus-L, 

Acinus-S and Acinus-S‟. They are most likely formed as a result of alternative splicing. All three 

Acinus isoforms share a common central domain homologous to the RNA recognition motif 

(RRM), which is also found in several splicing proteins. In addition, they are also identified as a 
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component of a splicing complex termed ASAP (apoptosis- and splicing-associated protein) 

and a member of a multiprotein exon-junction complex (Vucetic et al. 2008). During mRNA 

processing, removal of introns is aided by a group of proteins which constitute the spliceosome. 

Members of the spliceosome exist in nuclear regions called splicing factor compartments or 

nuclear speckles. Interestingly, acinus localizes to the splicing compartment, suggesting its 

function in mRNA processing. Regulation of RNA processing allows alternative splicing of 

transcripts, permitting the cell to generate multiple distinct transcript species from a common 

precursor (Schwerk et al., 2003). Our laboratory has shown that Acinus-S‟ binds to the B 

domains of RARs and represses transcriptional activity of most RAR-regulated genes in both the 

presence and absence of exogenous RA. However, Hoxa1, which is an RAR regulated gene, 

showed ligand independent down-regulation but ligand dependent up-regulation. In murine 

models, Hoxa1 has a complex RA-inducible RAIDR5 enhancer sequence located in the 3‟ end of 

the gene. A DR5 RARE and two conserved DNA elements termed CE1 and CE2 are contained 

in this enhancer region, suggesting that the protein complexes associated with CE1 and/or CE2 

contribute to the differential effect of Acinus-S‟ on Hoxa1 expression in the presence and 

absence of atRA (Vucetic et al., 2008). Acinus -S‟ may play a role in the expression of HOXA1 

isoforms in the presence of atRA in CAOV3 cells.    
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Future studies 

 

 HOXA1 and HOXB4 appear to play a role in atRA mediated growth inhibition in 

CAOV3 cells but not in SKOV3 cells. In order to provide more definitive evidence for this it 

would be necessary to modulate expression of these gene targets in atRA sensitive and resistant 

cells and determine the effect of such modulation on the ability of atRA to cause growth arrest. 

Therefore, it would be interesting to determine the effect of ectopic expression of 

HOXA1 and HOXB4 in SKOV3 cells. Based on our results, we would predict that 

overexpression of either HOXA1 or HOXB4 in SKOV3 cells may convert SKOV3 cells from 

atRA resistant to atRA sensitive and result in growth inhibition following atRA treatment.  

 It would also be worthwhile to” knock out” HOXA1 and HOXB4 expression in CAOV3 

cells. We would predict that the loss of HOXA1 and HOXB4 expression would render the 

CAOV3 cells resistant to atRA mediated growth inhibition. Since CAOV3 cells express both the 

full length and the truncated form of HOXA1, it would be interesting to determine the role 

played by both isoforms in atRA mediated growth inhibition. Currently, the role of HOXA1 

truncated form is unknown, although Fernandez and Gudas (2009) proposed a model where the 

truncated Hoxa1 inhibits Hoxb1 transcription by binding to the full length Hoxa1-Pbx complex, 

thus preventing them from binding to the auto regulatory R3 region in the Hoxb1 promoter. In 

CAOV3 cells, the truncated form is induced following atRA treatment. We also did not observe 

induction of HOXB1 mRNA following atRA treatment. Therefore, it is possible that knock down 

of the truncated form of HOXA1 may lead to induction of HOXB1 expression following atRA 

treatment. However, reduction of the truncated form of HOXA1 may also cause CAOV3 cells to 
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revert to atRA resistant cells and lead to a reduction in the extent of growth arrest following 

atRA treatment.   
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APPENDIX A 

 

SUPPLEMENTAL DATA 

 
 

 
CA1Et CA1RA CA3Et CA3RA CA5Et CA5RA CA7Et CA7RA 

GAPDH 6228.7 5188.0 6385.9 3510.4 7989.7 5564.5 8425.4 3828.2 

ALX1 3153.1 3066.1 3039.7 2744.4 2953.7 2737.5 2971.3 2578.9 

DLX3  4288.4 5166.9 5557.6 4279.6 3581.4 2881.2 3049.1 2052.0 

HLX 4619.0 4533.9 4594.4 3889.3 5774.0 5593.2 5417.2 5364.0 

HOXA1 4977.6 5688.7 4864.1 6726.5 5026.5 7361.2 4753.2 6759.0 

HOXB4 4698.9 5294.9 5552.1 5359.6 5849.1 6047.2 5458.2 5705.6 

HOXB7 4302.1 5160.4 4567.0 3366.9 5484.6 3054.4 4378.7 2853.0 

HOXB9 5217.0 4860.1 5688.2 4451.4 5545.1 4801.0 4415.5 4386.1 

HOXC8 2106.4 2044.3 2367.8 2000.7 3179.3 2094.6 2668.6 2432.3 

HOXD10 5177.6 4773.0 4928.2 4277.3 5193.0 3546.1 3468.0 2960.4 

HOXD11 3313.2 3727.6 3571.3 3350.8 3670.9 3187.4 3973.9 3442.2 

HOXD12 1392.8 1019.6 1114.2 456.6 614.9 681.7 621.8 526.9 

PROX1 6904.2 6435.1 5796.1 5988.5 1084.3 595.4 846.3 2167.2 

TGIF 7364.1 8961.1 7753.9 7336.4 8065.0 7792.7 8751.3 8040.4 

 

 

Table 5. ImageJ quantification of 1
st
 set of RNA samples obtained from CAOV3 cells 

following ethanol or atRA treatment for different lengths of time. Total RNA was extracted 

at different time points following ethanol or atRA treatment of CAOV3 cells. Hox gene 

expression was determined by RT-PCR. PCR products were analyzed by PAGE. The results 

obtained were quantitated using ImageJ software. (CA1Et: CAOV3 cells day 1 ethanol treated; 

CA1RA: CAOV3 cells day 1 atRA treated). 

 

  



 136 
 

 
SK1Et SK1RA SK3Et SK3RA SK5Et SK5RA SK7Et SK7RA 

GAPDH 5572.4 5863.9 5564.9 3417.7 5718.1 7157.5 5591.8 4636.4 

ALX1 3126.9 3727.0 4608.8 4580.4 4157.8 4393.8 3497.2 3223.6 

DLX3  6336.7 4731.3 5236.4 4294.4 4426.5 3654.5 2487.5 3336.9 

HLX 5862.8 4384.1 4748.9 4042.6 4107.3 3778.6 3042.9 3022.9 

HOXA1 6214.1 5933.1 6086.8 5989.7 6153.0 6301.2 5810.1 6048.8 

HOXB4 6403.7 6724.6 7269.9 6891.1 7681.6 8000.7 7319.5 6509.8 

HOXB7 5247.9 6131.7 6860.8 6109.7 7065.2 7533.0 6703.9 4095.2 

HOXB9 4950.8 5006.0 5259.0 5358.6 5322.5 5339.0 6326.5 7018.5 

HOXC8 DNE DNE DNE DNE DNE DNE DNE DNE 

HOXD10 DNE DNE DNE DNE DNE DNE DNE DNE 

HOXD11 DNE DNE DNE DNE DNE DNE DNE DNE 

HOXD12 DNE DNE DNE DNE DNE DNE DNE DNE 

PROX1 6191.2 7440.9 6687.0 8697.3 1475.4 846.4 2189.2 2454.5 

TGIF 6730.1 6622.4 6858.7 7646.1 6851.0 9360.7 11073.6 7158.0 

         Table 6. ImageJ quantification of 1
st
 set of RNA samples obtained from SKOV3 cells 

following ethanol or atRA treatment for different lengths of time. Total RNA was extracted 

at different time points following ethanol and atRA treatment of SKOV3 cells. Hox gene 

expression was determined by RT-PCR.  PCR products were analyzed by PAGE. The results 

obtained were quantitated using ImageJ software. (SK1Et: SKOV3 cells day 1 ethanol treated; 

SK1RA: SKOV3 cells day 1 atRA treated; DNE: Did Not Evaluate). 
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CA1Et CA1RA CA3Et CA3RA CA5Et CA5RA CA7Et CA7RA 

GAPDH-1 6228.7 5188.0 6385.9 3510.4 7989.7 5564.5 8425.4 3828.2 

GAPDH-2 9230.4 7373.4 6519.6 5774.9 5763.4 4109.9 6335.1 4674.1 

GAPDH-3 5351.3 4910.7 4956.3 3357.6 6588.4 4570.1 6853.3 3739.4 

 

                

HLX-1 4619.0 4533.9 4594.4 3889.3 5774.0 5593.2 5417.2 5364.0 

HLX-2 3337.1 3498.5 4033.0 3587.7 3489.2 3859.5 3723.9 2696.5 

HLX-3 6027.2 5023.8 6447.2 274.6 4964.3 5040.0 5183.0 6076.2 

 

                

HOXA1-1 4977.6 5688.7 4864.1 6726.5 5026.5 7361.2 4753.2 6759.0 

HOXA1-2 3402.0 4500.8 3989.2 5872.2 3654.3 6949.1 3472.6 5284.4 

HOXA1-3 3781.3 4950.1 5087.9 6410.4 4234.2 7585.2 4743.9 6185.1 

 

                

HOXB4-1 4698.9 5294.9 5552.1 5359.6 5849.1 6047.2 5458.2 5705.6 

HOXB4-2 5080.5 5014.4 4446.1 5078.5 4422.1 5681.7 4701.7 5576.0 

HOXB4-3 3968.2 3757.2 4198.6 4119.0 3830.3 4873.5 3992.4 4771.2 

 

                

HOXB9-1 5217.0 4860.1 5688.2 4451.4 5545.1 4801.0 4415.5 4386.1 

HOXB9-2 3540.2 3217.6 4127.4 3238.9 3725.9 3669.0 3435.7 2774.6 

HOXB9-3 4528.4 4170.9 5359.2 4683.7 5043.9 5235.2 4978.9 5304.7 

 

                

HOXC8-1 2106.4 2044.3 2367.8 2000.7 3179.3 2094.6 2668.6 2432.3 

HOXC8-2 644.4 822.1 1630.9 1187.9 1258.2 1175.8 1377.4 1890.9 

HOXC8-3 830.9 847.7 3413.0 2315.5 1495.2 1585.4 3422.4 3828.8 

 

                

PROX1-1 6904.2 6435.1 5796.1 5988.5 1084.3 595.4 846.3 2167.2 

PROX1-2 68.3 703.1 2355.0 1788.6 3783.7 4755.0 1545.3 5007.1 

PROX1-3 98.8 120.8 110.8 274.4 41.9 476.9 294.8 2333.8 

 

                

TGIF-1 7364.1 8961.1 7753.9 7336.4 8065.0 7792.7 8751.3 8040.4 

TGIF-2 7788.2 8158.7 7200.8 7322.0 7124.7 7097.8 6932.1 7609.2 

TGIF-3 4617.2 6122.1 7329.8 7499.0 7448.7 8275.6 7381.1 6385.4 

 

Table 7. RT-PCR values obtained from three independent experiments for Hox gene 

expression in CAOV3 cells following ethanol or atRA treament.. The results obtained were 

quantitated using ImageJ software. (CA1Et: CAOV3 cells day 1 ethanol treated; CA1RA: 

CAOV3 cells day 1 atRA treated). 
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SK1Et SK1RA SK3Et SK3RA SK5Et SK5RA SK7Et SK7RA 

GAPDH-1 5572.4 5863.9 5564.9 3417.7 5718.1 7157.5 5591.8 4636.4 

GAPDH-2 4657.5 3949.8 1471.9 3236.8 4239.8 4114.9 3210.5 3199.2 

GAPDH-3 1522.7 1826.9 2900.1 3312.7 2508.4 2529.0 2107.0 2486.3 

 

                

HLX-1 5862.8 4384.1 4748.9 4042.6 4107.3 3778.6 3042.9 3022.9 

HLX-2 3266.3 3169.4 2231.6 2817.7 2059.8 2018.6 1469.3 936.8 

HLX-3 4276.8 5133.7 5836.7 4172.6 1993.1 1663.8 1861.4 3011.6 

 

                

HOXA1-1 6214.1 5933.1 6086.8 5989.7 6153.0 6301.2 5810.1 6048.8 

HOXA1-2 4367.9 4230.9 3954.0 4046.0 3955.7 3903.3 3491.8 3770.4 

HOXA1-3 2923.8 4236.0 4348.4 4782.4 4652.4 4250.9 5131.3 2541.7 

 

                

HOXB4-1 6403.7 6724.6 7269.9 6891.1 7681.6 8000.7 7319.5 6509.8 

HOXB4-2 4917.8 5595.5 5807.7 6905.2 7359.5 7220.9 7981.4 7743.4 

HOXB4-3 3549.0 4584.7 5118.3 5491.1 6122.7 6319.5 7146.6 6143.6 

 

                

HOXB9-1 4950.8 5006.0 5259.0 5358.6 5322.5 5339.0 6326.5 7018.5 

HOXB9-2 3048.6 4745.6 3984.0 3685.5 3964.3 3290.2 4041.9 3948.5 

HOXB9-3 3402.9 3559.3 4197.8 1700.4 5048.5 5330.7 5627.4 5536.3 

 

                

PROX1-1 6191.2 7440.9 6687.0 8697.3 1475.4 846.4 2189.2 2454.5 

PROX1-2 1514.6 127.1 4402.7 7963.4 2655.4 5316.3 5861.1 2278.3 

PROX1-3 37.1 25.9 2157.0 3416.9 134.3 111.1 818.2 2029.5 

 

                

TGIF-1 6730.1 6622.4 6858.7 7646.1 6851.0 9360.7 11073.6 7158.0 

TGIF-2 8338.9 7633.2 7314.8 7747.1 7956.0 7960.5 8177.1 8619.1 

TGIF-3 6957.8 7042.8 7385.9 7630.2 6667.9 7383.5 6524.5 7760.9 

 

Table 8. RT-PCR values obtained from three independent experiments for Hox gene 

expression in SKOV3 cells following ethanol or atRA treament.. The results obtained were 

quantified using ImageJ software. (SK1Et: SKOV3 cells day 1 ethanol treated; SK1RA: SKOV3 

cells day 1 atRA treated). 

 

 

  



 139 

 

  

7 days atRA effect(RT-PCR) Real-time qPCR 

ALX1* 
CAOV3 Slight Increase (<2-fold) Not assayed 

SKOV3 No change Not assayed 

DLX3* 
CAOV3 No change Not assayed 

SKOV3 No change Not assayed 

HLX 
CAOV3 No change Not assayed 

SKOV3 No change Not assayed 

HOXA1 
CAOV3 Increase Confirmed 

SKOV3 No change Confirmed 

HOXB4 
CAOV3 Increase Confirmed 

SKOV3 No change Confirmed 

HOXB7* 
CAOV3 No change Not assayed 

SKOV3 No change Not assayed 

HOXB9 
CAOV3 Slight Increase (<2-fold) Not assayed 

SKOV3 No change Not assayed 

HOXC8 
CAOV3 Increase Not assayed 

SKOV3 Not assayed Not assayed 

HOXD10* 
CAOV3 No change Not assayed 

SKOV3 Not assayed Not assayed 

HOXD11* 
CAOV3 Slight Increase (<2-fold) Not assayed 

SKOV3 Not assayed Not assayed 

HOXD12* 
CAOV3 No change Not assayed 

SKOV3 Not assayed Not assayed 

PROX1 
CAOV3 Increase Not assayed 

SKOV3 No change Not assayed 

TGIF 
CAOV3 Increase Slight Increase (<2-fold) 

SKOV3* No change Not assayed 

 

Table 9. List of homoebox genes evaluated by RT-PCR and real-time qPCR. All homeobox 

genes except those with * were evaluated using three independent experiments. The homeobox 

genes with * were evaluated only once.  The homeobox genes exhibiting a 2-fold difference in 

the mRNA expression following atRA treatment are further confirmed by RT-qPCR.      


