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ABSTRACT 
Background: Chemotherapeutic options for management of post-
menopausal colon cancer are associated with systemic toxicity, therapy 
resistance and survival of cancer stem cells. These aspects promote 
progression of metastatic disease. In post-menopausal colon cancer 
estrogens are hypothesized to play a protective role, and phytoestrogenic 
nutritional herbs may provide valuable mechanistic leads for growth 
inhibition of cancer. Investigations using cellular models relevant to this 
cancer subtype provide mechanistic evidence for carcinogenesis, role of 
estrogens in post-menopausal colon cancer and identify susceptible 
molecular targets. 
 

Objectives: This mini-review provides a systematic discussion of published 
evidence on i) experimental systems developed from colon carcinoma 
and colonic epithelium that facilitate identification of mechanistic link 
between Wnt/β-catenin signaling and estrogen receptor signaling, ii) 
inhibitory efficacy of natural products such as dietary phytochemicals and 
Chinese nutritional herbs and iii) Conceptual and technical limitations 
that define rationale for future research.     
 

Conclusions: Molecular characterization and mechanistic leads have 
validated the experimental systems to investigate growth inhibitory efficacy 
of natural products. Major limitations provide rationale for future research 
that facilitate clinical relevance and translatability of the data.  
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Introduction 
Progression to advanced stage metastatic colon 
cancer remains a major cause of mortality. Although 
the incidence of colon cancer in female population 
is projected to be lower than that in the male 
population.  In the female population the American 
Cancer Society has projected the incidence of newly 
diagnosed colorectal cancer has been projected as 
71,810 and colorectal cancer related deaths has 
been projected as 24,000 in 20261. Epidemiological 
evidence from oral contraception usage and hormone 
replacement therapy have been considered as 
possible protective factors in post-menopausal colon 
cancer2.  
 
17β-estradiol (E2) mediated estrogen receptor (ER) 
signaling via ER-α and ER-β isoforms are responsible 
for genomic effects in receptor positive target cells. 
These isoforms exhibit functional antagonism via 
positive and negative growth regulation, respectively. 
Binding of estradiol to ER-α activates anti-apoptotic 
pathways, while that to ER-β activates pro-apoptotic 
caspase-3 and induction of cellular apoptosis3.  
Compared to normal colonic epithelium decreased 
expression of ER-β has been reported in sporadic 
colon cancer, as well as in familial adenomatous 
polyps. Thus, status of ER-β expression represents 
prognostic marker of colorectal cancer progression. 
Protective role of E2 functioning as ER-β ligand, has 
been hypothesized in post-menopausal colon 
cancer4, 5. 
 
Wnt/β-catenin signaling pathway, via expression of 
adenomatous polyposis coli (Apc) tumor suppressor 
gene, plays an essential role in normal cellular 
homeostasis in colonic crypts by regulating 
proliferation, differentiation and apoptosis. Germline 
or somatic mutation in Apc produces truncated gene 
product that lacks β-catenin, axin and microtubule 
binding sites. This structural alteration deregulates 
the signaling pathway, facilitates nuclear translocation 
of β-catenin and upregulates the expression of Apc 
target genes cylin D1 and c-Myc. Loss-of-function 
germline mutation of Apc  in familial adenomatous 
polyposis (FAP) patients represents a primary 

genetic defect facilitating initiation of colon cancer 
development6. Somatic mutation in Apc has been 
detected in majority of sporadic colon cancers The 
Wnt/β-catenin signaling pathway in general, and 
Apc expression in particular represent potential 
therapeutic targets for colorectal carcinogenesis 
including chemo-resistant cancer initiating colorectal 
cancer stem cells7-11.   
 

The role of ER isoforms α and β in Apc-dependent 
colon carcinogenesis has been investigated in Min/+ 
mice crossed with ER-α [+/-] and ER- β [+/-] mice. These 
mice exhibited increased incidence of colon tumors 
and micro-adenomas. The ER-α [+/-] Min/+ mice 
exhibited invasive carcinomas. The ER isomers α 
and β exhibit a distinct opposing gradient of 
expression along the colonic crypt-villus axis. This 
distribution is suggestive of functional antagonism 
between the two ER receptors12.This preclinical 
evidence supports the clinical concept that the loss 
of estradiol and ER signaling in post-menopausal 
women may contribute to colorectal cancer 
development.   
 

Collectively, published evidence on the role of Wnt/ 
β-catenin signaling and estrogen receptor signaling 
pathways in postmenopausal colon carcinogenesis 
provides a strong mechanistic support to clinical 
and preclinical data.   
 

Conventional chemotherapy for colorectal cancer 
includes the use of the DNA synthesis inhibitor 5-
Fluoro-uracil, DNA strand intercalating agent 
oxaliplatin and DNA topoisomerase inhibitor 
irinotecan. Targeted therapy includes the use of 
non-steroidal anti-inflammatory drugs and selective 
cyclooxyganase-2 (COX-2) inhibitors13. The preclinical14-

16, and clinical inhibitory efficacy of anti-inflammatory 
drugs has been documented17, 18.  COX-2 represents 
a rate limiting enzyme for prostaglandin biosynthesis 
via conversion of polyunsaturated fatty acid arachidonic 
acid to prostaglandin E2 (PGE2).Upregulated 
expression of COX-2 is documented during colon 
carcinogenesis, and COX-2 inhibition represents a 
major molecular target for anti-inflammatory drugs. 
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The use of pharmacological agents for preventive/ 
therapeutic effects on colon cancer is associated with 
systemic toxicity, therapy resistance and emergence 
of chemo-resistant cancer initiating stem cell 
population. Collectively, these limitations promote 
cancer progression and compromise patient 
compliance.    
 

Natural products such as Chinese nutritional herbs 
and dietary phytochemicals have documented 
human consumption and exhibit preclinical efficacy 
19-22. Relatively nontoxic natural bioactive agents 
including polyphenols, flavonoids, and terpernoids, 
or constitutive bioactive agents from nutritional herbs 
may represent testable therapeutic alternatives for 
colon cancer.  
 

Present mini-review provides a systematic discussion 
of published evidence relevant to i) cellular systems 
developed from human colon carcinoma models 
and from genetically predisposed mouse models, 
providing a mechanistic link for the role of estrogen 

receptor signaling and Wnt/β-catenin signaling in 
colon cancer, ii) growth inhibitory efficacy of dietary 
phytochemicals and Chinese nutritional herbs and 
iii) conceptual and technical limitations in experimental 
strategies that define rationale for future investigations.     
 

Cellular models 
 

HUMAN COLON CARCINOMA-DERIVED CELL 
LINES:  
These cellular models are developed from sporadic 
colon adenocarcinoma detected in male patients. 
Several publications have used these models to 
investigate the effect of E2 on status of ER-β 
expression23, 24. Mechanistic leads for growth inhibitory 
effects include inhibition of cell proliferation, inhibition 
of G1 t o S phase transition, downregulation of 
cyclin E, and c-Myc and upregulation of CDKI p21 
cip1/waf1 and p27 Kip125, 26. Genotypic characterization 
and mechanism of action relevant to the role of ER-
β is summarized in Table 1 

 
Table 1: Cellular models for human colon carcinogenesis 

 

Cell Line Gene Expression Mechanism of Action 
T84 APC MT, KRAS, PI3KCA  

TP 53 MT 
ER-β growth inhibition. 
APC target gene expression.  RAS 
signaling. TP53 signaling. .   

SW1116 APC MT, KRAS, TP53 MT  ER-β growth inhibition. G1 to S 
inhibition. COX-2, AKT, ERK1/2 
expression.  APC target gene 
expression. KRAS signaling. TP 53 
signaling    

LoVo APC, KRAS, MSH2 ER-β. Growth inhibition. KRAS 
signaling. DNA mismatch repair. 

SW480 APC MT, β-catenin WT APC target gene c-MYC inhibition. 
CDKI upregulation 

SW640 APC MT, β-catenin WT ER-βgrowth inhibition. Cyclin D1, 
c-MYC inhibition. CDKI 
upregulation. 

HCT116 APC WT, β-catenin MT ER-β growth inhibition. β-catenin 
expression. 

 

APC, adenomatous polyposis coli; KRAS, Kirsten RAS; PI3K CA, Phospho-inositol-3-kinase; TP53, Tumor suppressor 
p53; MT, mutant; MSH2, DNA mismatch repair; WT, wildtype
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COLONIC EPITHELIAL CELL LINES FOR 
GENETICALLY PREDISPOSED COLON CANCER:  
Mono-allelic mutation In the Apc gene is responsible 
for primary genetic defect in FAP syndrome, 
functioning as a high risk precursor to colon cancer27, 

28. Apc mutation deregulates Wnt/β-catenin signaling 
pathway and upregulates the expression of Apc 
target genes cyclin D1 and c-Myc in hyper-proliferative 
cancer phenotype. The cell lines for FAP include 
1638N COL and 850MIN COL These cell lines exhibit 
hyper-proliferation, downregulated cellular apoptosis, 
anchorage independent growth in vitro and tumor 
formation in vivo29-31.     
 

Germline mutations in Mlh1 gene and Apc 1638 N 
gene provide a mouse model for HNPCC32. The cell 

line Mlh1/1638N COL developed from the animal 
model for HNPCC exhibits defective expression of 
Apc and DNA mismatch repair gene Mlh1, hyper-
proliferation, downregulated cellular apoptosis, 
anchorage independent growth in vitro and tumor 
formation in vivo33.The expression status of DNA 
mismatch repair gene MSH2 in human colon 
carcinoma derived LoVo cells24, and of Mlh1 gene 
in Mlh1/1638N COL cells33, provides a rationale to 
investigate the role of DNA mismatch repair in post-
menopausal colon cancer.   
 

The cellular and molecular characteristics of mouse 
colonic epithelial cell lines are summarized in Table 2.  

 

Table 2: Cellular models for mouse colon carcinogenesis 
 

Cell Line Genotype Origin Mechanism of Action 
C57 COL Apc+/+     Mlh1+/+ Mouse colon. Non-

tumorigenic 
Colonic epithelial cellular 
homeostasis 

850MIN COL Apc +/-     Mlh1+/+ Apc+/- mouse colon. 
Tumorigenic FAP model 

Apc target gene 
expression.  

1638N COL Apc +/-     Mlh1 +/+ Apc +/- mouse colon. 
Tumorigenic. FAP 
model.  

Apc target gene 
expression 

Mlh1/1668N COL Apc +/-     Mlh1-/- Mlh1/1638N mouse 
colon. Tumorigenic. 
HNPCC model. 

Apc target gene 
expression. DNA 
mismatch repair inhibition. 

 

Apc, adenomatous polyposis coli; Mlh1, Mut-L DNA mismatch repair gene; FAP, familial adenomatous polyposis; 
HNPCC, hereditary non-polyposis colon cancer. 

 
It is notable that compared to the Apc +/+ C57COL 
cells all the Apc +/- cell lines, 850MIN COL, 1638 N COL 
and Mlh1/1638N COL cell lines exhibit decreased 
expression of Apc and increased expression of Apc 
target genes β-catenin, cyclin D1 and c-Myc. Increased 
expression of these genes is predominantly due to 
the loss-of function mutation in Apc producing 
truncated gene product that exhibits loss of β-catenin 
binding sites, axin binding sites and microtubule 
binding sites8,10. The altered gene product 
compromises the normal regulatory function of 
Apc. The expression of Apc and its target gene 

products (protein) are examined using a quantitative 
immuno-fluorescence assay. This assay monitors the 
cellular uptake of fluorescently labelled antibodies. 
The data are quantified by fluorescent units relative 
to the isotype control. The expression of Apc in 850 
MIN COL, 1638N COL and Mlh1/1638N COL cells 
exhibited a reduction by about 88 to 89 %, relative 
to C57 COL cells. In contrast, the expression of β-
catenin in the three Apc mutant cell lines was 
increased by about 40% to 80%, cyclin D1 was 
increased by about 3.0X to 4.3X, and c-Myc was 
increased by about 1.5x to 2.5x, respectively, relative 
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to the Apc wild type C57 COL cells. These data were 
extrapolated from the expression of Apc and of 
select Apc target proteins in C57 COL, 850MIN COL, 

1638N COL and Mlh1/1638N COL cell lines as 
presented in Fig. 1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Expression of Apc and Apc target gene products (protein) in C57 COL (control), 850MIN COL and 
1638N COL (FAP), and Mlh1/1638N COL (HNPCC) models. Expression status of 1 Apc 2 β-catenin; 3 cyclin D1; 
and 4 c-Myc is presented for each cell line. 

 
GROWTH INHIBITORY EFFICACY OF NATURAL 
PRODUCTS:  
Human colon carcinoma derived cellular models 
have been utilized to investigate the role of ER-β 
functioning as a potent negative growth regulator34. 
At the mechanistic levels, ER-β inhibits G1-S phase 
transition, downregulates expression of cyclin E, and 
c-Myc and upregulated the expression of cyclin 
dependent kinase inhibitors p21CIP1/waf1, p27 Kip1 25, 26.   
 

 
 
 
 
 
 
 
 

Predominantly documented function of Chinese 
nutritional herbs includes anti-inflammatory activity 
and phytoestrogenic activity. Selection of appropriate 
nutritional herbs, source of extract for investigation 
and mechanism of action are summarized in Table 3. 
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Table 3: Chinese nutritional herbs for colon carcinogenesis 
 

Herb Source of Extract Mechanism of Action 
Coptis sinensis (CS) Root Anti-inflammatory 

Magnolia officinalis (MO) Root Anti-inflammatory. Anti-
proliferative. Pro-apoptitic 

Panax ginseng (PG) Root Anti-inflammatory. Anti-
proliferative. Phyto-estrogenic 

Radix paeoniae (RP) Root Anti-inflammatory. Anti-
proliferative. Pro-apoptotic. 
Phyto-estrgenic.  

Radix scutellariae (RS) Bark Anti-proliferative. Pro-apoptotic 

Radix salvia miltorrhizae (RSM) Root Anti-proliferative. Pro-apoptotic. 
Phyto-estrogenic. 

 
In this context, It also notable that synthetic industrial 
chemicals and naturally occurring phytoestrogens 
compete with 17β-estradiol (E2) for binding to ER-
β23, and estradiol inhibits PGE2-induced COX-2 
expression via suppression of the AKT and ERK ½ 
signaling pathways24. Collectively, these lines of 
evidence provide a rationale to investigate agonistic 
effects of nutritional herbs or constituent bioactive 
agents on ER-β in cellular models FAP. Preliminary 
evidence has demonstrated anti-proliferative, cell 
cycle inhibitory and pro-apoptotic effects of nutritional 
herbs.    
 

Preliminary evidence has demonstrated that in the 
850MIN COL model selective COX-2 inhibitor CLX 
inhibits COX-2, and reduces the expression of 
select Apc target genes. This evidence suggests 
that CLX may represent a valuable positive control 
for investigations with anti-inflammatory nutritional 
herbs or constituent bioactive agents. 
 

STEM CELL MODELS:   
Resistance to conventional/targeted chemotherapy 
presents a formidable challenge and emphasizes 
investigations on molecular mechanisms for drug 
resistance and on targeting of chemo-resistant cancer 
initiating stem cell population. Phenotypic resistance 
to pharmacological chemotherapeutic agents selects 
putative stem cells. These cellular models are 
characterized for the expression of stem cell specific 

markers including expression of CD44, CD133 and 
c-Myc30, 31. These drug resistant stem cell models 
may facilitate investigations on stem cell targeting 
efficacy of natural products.  
 

Conclusion 
Systematic discussion of published evidence, 
validation of cellular models for genetically 
predisposed FAP and HNPCC syndromes and 
mechanism-based growth inhibitory efficacy of natural 
products provide scientifically robust rationale for 
future research. Published evidence also identifies 
several unmet needs and unanswered questions. 
Major limitations include lack of clinically relevant 
models from post-menopausal patients and 
mechanistic leads for the role of ER signaling in 
growth inhibitory efficacy of nutritional herbs in 
post-menopausal colon cancer.  
 

Intrinsic limitations of cell line derived preclinical 
data include extrapolation for clinical relevance. 
Patient derived tumor explants and organoids from 
female patients reduce the need for extrapolation 
by facilitating clinically translatable mechanistic data. 
Additionally, efficacious bioactive agents from 
nutritional herbs may identify new drug candidates 
for post-menopausal colon cancer.    
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