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Abstract: The administration and combination of a variety of chemotherapeutic agents for treatment 
of advanced or recurrent uterine cancer of different histologies is under current debate. Mixed 
Mullerian Tumors (MMTs), which contain both adenocarcinoma and sarcoma components, are the 
most rate histologic type and it is therefore difficult to conduct clinical trials to determine if they 
should be treated like endometrial adenocarinomas or like sarcomas. Flexible Heteroarotionoids (Flex-
Hets) are a promising class of anti-cancer drugs with low toxicity that have demonstrated activity 
against a wide variety of cancer types, but their efficacy in uterine cancers is unknown. The objective 
of this study was to determine if cell lines established from endometrial carcinoma (HEC-1-A), uterine 
sarcoma (SK-UT-1) and MMT (MES-SA) cancers exhibit differential sensitivities to cisplatin, 
carboplatin, paclitaxel, docetaxel, doxorubicin and SHetA2, if SHetA2 can enhance sensitivity to the 
chemotherapeutic drugs and if SHetA2 exhibits a differential effect on uterine cancer cells in 
comparison to normal endometrial cells using a cytotoxicity assay. These cell lines did not differ in 
their sensitivities to platinum or taxel drugs. Doxorubicin was active against the sarcoma but not the 
adenocarcinoma or MMT cell lines. SHetA2 decreased the survival of all three cell lines, but did not 
enhance their sensitivities to the chemotherapeutic agents. Two of the three uterine cancer cell lines 
were more sensitive to SHetA2 in comparison to normal endometrial cells. In conclusion, doxorubicin 
appears to have a greater effect against sarcoma than other uterine histology types. SHetA2 is 
affective against uterine cancer cell lines, but does not enhance their sensitivities to chemotherapeutic 
agents. 
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INTRODUCTION 

 
 Cancer of the uterine corpus is estimated to be 
detected in 41,200 women per year and to cause 7,350 
deaths per year in the United States (www.cancer.org). 
These deaths are due to cancers that are detected at 
advanced stage or that recur after primary therapy. Use 
of chemotherapy drugs for advanced or recurrent 
uterine cancer is currently being investigated. There are 
several types of uterine cancer that are being evaluated 
in clinical trials as separate cancers. About 95% of 
uterine cancers are adenocarcinomas, which arise from 
the endometrial epithelium, while about 2-4% are 
sarcomas, which arise from the uterine myometrium. 
Even more rare, are the uterine carcinosarcomas (also 
called Mixed Mullerian Tumors or MMTs), which 
contain both epithelial and myometrial components. 
There is current debate as to whether MMTs should be 
treated as adenocarcimas or as sarcomas[1].  

 The chemotherapeutic agents under investigation 
in uterine cancer include cisplatin, carboplatin, 
paclitaxel, docetaxel and doxorubicin. Cisplatin and 
carboplatin are platinum-containing compounds that 
cause DNA damage by binding and crosslinking DNA, 
paclitaxel and docetaxel are diterpenes that interfere 
with microtubules, doxorubicin is an anthracycline 
antibiotic that intercalates between DNA base pairs[2]. 
All of these compounds exert significant toxicity in the 
patients[1-9]. In patients with advanced or recurrent 
endometrial carcinoma, response rates of only 27-54% 
have been reported[5-7]. Uterine sarcomas and mixed 
mesodermal tumors are less well studied because of 
their rarity and have poor response to chemotherapy 
and poor patient prognosis[3,4]. 
 Flexible-Heteroarotinoids (Flex-Hets) are a novel 
class of compounds that exhibit promising anti-cancer 
activity. The lead Flex-Het, called SHetA2, was 
effective against all cell lines representing 9 different 
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cancer types of the National Cancer Institutes Human 
Tumor Cell Line Panel in vitro and against an ovarian 
cancer cell line in vivo[10]. Sensitivity of uterine cancers 
to SHetA2 is currently unknown. Although Flex-Hets 
were originally modeled after retinoids and retain the 
retinoid differentiation activity, they do not activate the 
nuclear retinoid receptors or exhibit the classical 
retinoid toxicities or teratogenicity[10-13]. In addition, 
Flex-Hets are potent inducers of apoptosis in cancer 
cells with less effect on normal cells[10,14].  
 The objective of this study was to determine if cell 
lines established from endometrial carcinoma (HEC-1-
A), uterine sarcoma (SK-UT-1) and MMT (MES-SA) 
cancers exhibit differential sensitivities to cisplatin, 
carboplatin, paclitaxel, docetaxel, doxorubicin and 
SHetA2, if SHetA2 can enhance sensitivity to the 
chemotherapeutic drugs and if SHetA2 exhibits a 
differential effect on uterine cancer cells in comparison 
to normal endometrial cells. 
 

MATERIALS AND METHODS 
 
Cell lines and drugs: All cell lines were obtained from 
the American Tissue Culture Collection (ATCC). HEC-
1-A was isolated from a stage IA endometrial cancer, 
MES-SA was established from a poorly differentiated 
uterine sarcoma, SK-UT- 1 cells were isolated from a 
grade III mixed mesodermal tumor (MMT) consistent 
with leiomyosarcoma. HEC-1-A and MES-SA were 
cultured in McCoy's 5a medium (modified) with 1.5 
mM L-glutamine adjusted to contain 2.2 g L¯1 sodium 
bicarbonate and 10% fetal bovine serum (FBS). SK-
UT-1 and primary endometrial cultures were 
maintained in Minimum Essential Medium (Eagle) 
(MEM) with 2 mM L-glutamine and Earle's BSS 
adjusted to contain 1.5 g L¯1 sodium bicarbonate, 0.1 
mM non-essential amino acids and 1.0 mM sodium 
pyruvate and 10% FBS. Primary cultures of normal 
endometrial cells were isolated from menstrual blood 
collected from healthy volunteers under and 
Institutional Review Board (IRB) approved protocol as 
previously described[15].  
 Cisplatin, paclitaxel and doxorubicin were 
obtained from LKT Labs (St. Paul, MN). Carboplatin 
and docetaxel were obtained from Sigma (St. Louis, 
MO). The Flex-Het was synthesized and provided by K. 
Darrell Berlin (Oklahoma State University, Stillwater, 
OK) as previously described[13]. Cisplatin and 
carboplatin were dissolved in phosphate buffered saline 
and the others were dissolved in dimethyl sulfoxide 
(DMSO).  

Cytotoxicity assay: Cells were plated at 2000 
cells/well in 96 well microtiter plates and allowed to 
adhere overnight. A separate plate containing 2 fold 
concentrations of the final drug concentrations was 
prepared. A multichannel pipetor was used to add 50 µl 
of the 2X drug solutions to 50 µL of the media covering 
the plated cells. After 3 days of incubation, the media 
was removed and 50 µL each from a plate of 2X 
SHetA2 and a plate of 2X chemotherapeutic drugs were 
combined in the wells. After an additional 3 days of 
incubation with the drugs, the percentage of growth 
inhibition was measured using the CellTiter 96 AQueous 
Non-Radioactive Cell Proliferation Assay (Promega 
Corp., Madison, WI), which is composed of a novel 

tetrazolium compound that is metabolized by viable 
cells into a soluble formazan that can be quantitated by 
reading the OD. Each experiment was performed in 
triplicate and the three values for each treatment were 
averaged. To calculate survival, the average OD of the 
treated cultures was divided by that of the control 
cultures treated with solvent alone for the cisplatin 
treatments and retinoid alone for the combination 
treatments.  
 

RESULTS AND DISCUSSION 
 
 Three cell lines, HEC-1-A representing 
endometrial adenocarinoma, SK-UT-1 representing 
MMT and MES-SA representing uterine sarcoma were 
directly compared using a cytotocixity assay for their 
sensitivities to a variety of chemotherapeutic drugs and 
SHetA2, which were administered at physiologically 
achievable concentrations (Fig. 1). All three cell lines 
were fairly resistant to cisplatin, carboplatin, paclitaxel 
and docetaxel. Doxorubicin was effective against the 
uterine sarcoma, but not the adenocarcinoma or MMT. 
All three cell lines responded to SHetA2 with 
significantly different sensitivities. The sarcoma was 
the most sensitive, the MMT was the most resistant and 
the adenocarcinoma exhibited intermediate sensitivity. 
The primary endometrial cultures were more resistant 
to SHetA2 than the adenocarcinoma and sarcoma lines, 
but not the MMT (Fig. 2). Pre- and post treatment with 
SHetA2 did not alter the sensitivities of the cell lines to 
the chemotherapeutic agents (data not shown).  
 This is the first report directly comparing the 
chemotherapeutic sensitivities of uterine cancer cell 
lines representing adenocarcinoma, MMT and sarcoma 
histologies. These cell lines did not differ in their 
sensitivities to platinum or taxel drugs. Doxorubicin 
was active against the sarcoma but not the 
adenocarcinoma or MMT cell lines. These results 
address the current debate as to whether MMTs should  
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Fig. 1: Effects of Chemotherapeutic Drugs and SHetA2 on Uterine Cancer Cell Lines of Different Histologies. The MTS assay was used to 

measure survival in cultures treated with a range of physiologically achievable drug concentrations. The x-axis is presented in log 
scale to allow comparison of the different drugs 
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Fig. 2: Differential Effects of HetA2 on Uterine Cancer Cell Lines 

and Primary Endometrial Cells. The MTS assay was used to 
measure survival in cultures treated with a range of 
physiologically achievable drug concentrations. The x-axis is 
presented in linear scale to highlight the differential cell type 
sensitivities 

be treated as adenocarcinomas or sarcomas. The 
resistance of the adenocarinoma and MMT lines to 
doxorubicin would support treating patients with 
MMTs similar to the patients with adenocarinomas. 
This in vitro study however, suffers from the same 
limitations as the clinical studies in the rarity of uterine 
cancer cell lines and patients with MMT and sarcoma 
histologies. SHetA2 decreased the survival of all three 
cell lines at physiologically achievable 
concentrations[16], but did not enhance their sensitivities 
to the chemotherapeutic agents. Similar to the 
differential effect of SHetA2 previously observed in 
ovarian cancer cell lines in comparison to normal and 
benign cultures[10,13], two of the three uterine cancer cell 
lines were more sensitive to SHetA2 in comparison to 
normal endometrial cells.  
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CONCLUSION 
 
 Doxorubicin appears to have a greater effect 
against sarcoma than other uterine histology types. 
SHetA2 is affective against uterine cancer cell lines, but 
does not enhance their sensitivities to chemotherapeutic 
agents. 
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