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Abstract 
 
Effects of Ginger Supplementation on Markers of Apoptosis, Proliferation, and 
Differentiation in the Normal-Appearing Colonic Mucosa of Patients at High Risk 
for Colorectal Cancer: Results from a Pilot, Randomized, Controlled, Trial 

 
By Jessica Citronberg 

 
 

Background:  To estimate the effects of ginger on apoptosis, proliferation, and 
differentiation in the normal human colorectal mucosa, we measured the expression of cell 
cycle markers in the normal-appearing colon mucosa of patients at increased for CRC in a 
pilot, randomized, double-blinded, placebo-controlled, clinical trial. 
 
Methods:  A total of 20 patients were treated with either 2.0 g (eight 250 mg capsules) of 
encapsulated ginger (standardized to 5%-gingerols) or placebo daily for 28 days.  Overall 
expression and distributions of Bax, Bcl-2, p21, hTERT and MIB-1 in colorectal crypts in 
biopsies of normal-appearing colon mucosa were detected and measured using automated 
immunohistochemistry and quantitative image analysis. Percent changes in biomarker 
expression over the treatment period were calculated, categorized, assigned a score and then 
summed to construct a “cell-cycle score.” 
 
Results:  Image analysis measurement intra-rater reliability was ≥ 0.90 for all biomarkers. In 
the ginger group relative to the placebo group, Bax expression decreased 15.6% (p = 0.81) 
along the full length of the crypts, 6.6% (p = 0.38) in the upper 40% (differentiation zone) of 
the crypts, and 21.7% (p = 0.77) in the lower 60% (proliferative zone) of the crypts; 
however, there was a 19% increase (p = 0.80) in the proportion of the expression of Bax in 
the upper 40% relative to the whole crypt. While p21 and Bcl-2 expression remained 
relatively unchanged, hTERT expression along the full length of crypts decreased by 41.2% 
(p = 0.05); the estimated treatment effect on hTERT expression was slightly more 
pronounced in the canonical differentiation zone of crypts (-47.9%; p = 0.04).  In the ginger 
group relative to the placebo group, MIB-1 expression decreased along the entire crypt,  
upper 40% of crypts, and lower 60% of crypts by 16.9% (p = 0.39), 46.8% (p = 0.39), and 
15.3% (p = 0.41), respectively. 
 
Conclusions:  These preliminary results 1) suggest that ginger may reduce proliferation in the 
normal-appearing colorectal epithelium and increase apoptosis and differentiation relative to 
proliferation—especially in the proliferative zone of the crypts, and 2) support a full-scale 
clinical trial to further investigate these results.  
 

 



 

 
 
 
Effects of Ginger Supplementation on Markers of Apoptosis, Proliferation and 
Differentiation in the Normal-Appearing Colonic Mucosa of Patients at High Risk for 
Colorectal Cancer: Results from a Pilot Randomized, Controlled Trial 

 
 
 

By 
 
 
 

Jessica Citronberg 
 

B.S., University of Michigan, 2007 
 
 
 

Thesis Committee Chair: Roberd M. Bostick, M.D., M.P.H. 
 
 
 
 
 
 
 

A thesis submitted to the Faculty of the  
Rollins School of Public Health of Emory University 

in partial fulfillment of the requirements for the degree of  
Master of Public Health  

in Epidemiology 
2012 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

ACKNOWLEDGEMENTS  
 
I sincerely thank Dr. Roberd Bostick, for his outstanding mentorship, insightful advice, and 

continued encouragement, support, and guidance. I would also like to thank Dr. Suzanna 

Zick for training opportunities and support. Additionally, I would like to thank Joyce Kong 

for providing “biomarker scoring” training and Thomas Ahern for providing statistical 

analyses advice. Finally, I would like to thank my family and friends for their continuous 

support in all my academic endeavors. 

 
 
 
 
  



 

 
 
 
 
 
 

Table of Contents 
 
BACKGROUND ................................................................................................................................ 1 

INTRODUCTION ............................................................................................................................. 8 

METHODS ........................................................................................................................................ 10 

RESULTS ............................................................................................................................................ 17 

DISCUSSION .................................................................................................................................... 19 

TABLES AND FIGURES ............................................................................................................... 25 

CONCLUSIONS AND PUBLIC HEALTH IMPLICATIONS .............................................. 33 

REFERENCES .................................................................................................................................. 35 

APPENDICES ................................................................................................................................... 48 

 



1 

 

BACKGROUND 

Colorectal Cancer 
 

Colorectal cancer is the second leading cause of cancer-related deaths in the United 

States. Estimates predict that 141,210 new cases of colorectal cancer (CRC) will develop in 

2011, resulting in 49,380 deaths (1). The incidence of CRC continues to increase and despite 

improvements in detection and treatment, CRC mortality has declined only modestly in 

recent years. The prevailing strategy to address colorectal cancer has been through secondary 

preventions and while the benefits of screening have been well established, there is also 

substantial evidence to support increased efforts for primary prevention through lifestyle 

modification.  

Colorectal cancer is usually observed in one of three specific patterns: sporadic, 

inherited, or familial. The strongest known risk factors for colorectal cancer include 

autosomally dominant familial adenomatosis polyposis (FAP) and hereditary non-polyposis 

colon cancer (HNPCC) genetic syndromes. However, these conditions account for only 5% 

of cases. Of the remaining cases, 30% have a family history of the disease and the remaining 

65% are thought to be “sporadic.”  

The incidence of colorectal cancer increases with age; about 90% of colorectal cancer 

cases occur in people of age 50 or older (2). CRC occurs with approximately equal frequency 

in men and women, however, rectal cancer occurs up to twice as often in men as in women 

(3). Colorectal cancer rates vary by race and ethnicity. In the United States, black men and 

women have the highest colorectal cancer incidence and mortality rates.  

International and migration studies point to the predominance of lifestyle and diet in 

colorectal cancer etiology, with roughly 70 percent of CRC being attributable to 
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environmental factors (4, 5). Colorectal cancer appears to be highly correlated with Western 

lifestyle and diet; however, specific dietary factors that prevent and promote colorectal 

carcinogenesis are disputed and not well established.  

Dietary factors believed to adversely influence colorectal carcinogenesis include red 

and processed meats, while fruit, vegetables, fiber, calcium, and vitamin D are thought to 

protect against the development of colorectal cancer (2, 6, 7). Energy balance may be a 

central factor in the etiology of colon cancer and ties together with other risk factors such as 

BMI, physical activity, and total energy intake. Non-dietary risk factors associated with lower 

risk of colorectal cancer include the use of estrogen replacement therapy among women and 

use of anti-inflammatory drugs (8).   

CRC can arise from at least two different pathways: the chromosomal instability 

pathway (CIN) and the microsatellite instability (MSI) pathway. The CIN pathway is 

characterized by mutations in oncogenes and tumor suppressor genes, such as K-ras and 

APC, and accounts for 80-85% of sporadic colorectal carcinomas. The MSI pathway 

accounts for the remaining 15% of sporadic colorectal cancers and is characterized by 

defects in DNA mismatch repair genes, which in turn, lead to mutations in microsatellite 

sequences (9).   

The development of colorectal neoplasia occurs through a series of genetic steps that 

typically correspond to the histological progression from normal colonic epithelium to 

adenoma to carcinoma. The molecular biology of CRC is characterized by aberrant activity 

of several pathways including apoptosis, proliferation, cell cycle regulation, and signal 

transduction.  

 The colonic epithelium undergoes an almost constant and normal renewal of the 

superficial epithelium, which is achieved through cell proliferation, differentiation, and 
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apoptosis.  The epithelium contains about 107 crypts, which are the main morphologic units 

of the colorectal mucosa. Colonocyte proliferation occurs at the base of the crypt, where 

stem cells undergo asymmetrical replicative divisions to produce proginator cells.  The newly 

divided cells differentiate and mature during their migration to the surface, where they are 

replaced by a new generation of cells about every 3 – 6 days (3). Mature cells undergo 

apoptosis and exfoliate to the lumen; additionally, some cells within the crypts, such as 

damaged cells or stem cells at the bottom of the crypt, also undergo apoptosis (10).  

The earliest phases of colorectal carcinogenesis begin in the normal colonic mucosa 

with a disorder of cell replication and renewal and are followed by the subsequent 

appearance of aberrant crypt foci, clusters of enlarged crypts possessing phenotypic and 

molecular alterations (11, 12).  

Apoptosis, which is tightly controlled by various proteins, helps to establish a natural 

balance between cell death and cell renewal by destroying excess, damaged cells. Apoptosis is 

characterized  by cytoplasmic fragmentation and nuclear condensation (13) and may be 

initiated through mitochondrial (i.e.,  intrinsic) or death-receptor (i.e., extrinsic) pathways. 

The key regulators of apoptosis are the Bcl-2 family proteins (e.g., the pro-apoptotic proteins 

Bak and Bax, and the anti-apoptotic proteins Bcl-2 and Bcl-xl)(14).  

Bax is responsible for the mitochondrial damage that leads to caspase activation (15-

17) and its absence can render cells highly resistant to apoptosis triggered by a number of 

agents including radiation, chemoprevention, and growth factor deprivation (18, 19). As 

such, tumor cells may acquire resistance to apoptosis by over-expression of anti-apoptotic 

proteins or by down-regulation or mutation of pro-apoptotic proteins. Bcl-2, which is 

located on the cytoplasmic face of the mitochondrial outer membrane, the nuclear envelope, 
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and the endoplasmic reticulum, inhibits the activation of Bax following a death signal by 

preventing the release of cytochrome c from the mitochondria (20, 21).  

The apoptosis signaling systems have been known to provide promising targets for 

the development of novel anticancer agents (22). There is substantial evidence that markers 

of apoptosis, including Bax and Bcl-2 expression, represent viable candidates for modifiable 

biomarkers of risk for colorectal neoplasms. Previous studies have shown Bcl-2 protein 

expression in various premalignant lesions, implying that abnormal expression of Bcl-2 may 

lead to the accumulation of long-living cells, which ultimately result in tumor development 

(23, 24). Thus, measurement of both Bax and Bcl-2 in colon crypts provides a good 

indicator of apoptosis.  

The regulation of telomerase activity in human cells also plays a significant role in the 

development of cancer. Human telomeres undergo progressive shortening with each cell 

division, and the critical shortening of telomeres associated with cellular aging triggers a 

signal for cells to stop dividing. Telomerase, a reverse transcriptase enzyme that adds 

telomeric-repeated sequences to the ends of human chromosomes, prevents progressive 

shortening of telomeres with cell division, most likely giving tumor cells a growth advantage 

over normal cells (25). Telomerase is repressed in most somatic cells, except proliferating 

progenitor cells and activated lymphocytes, and is found in approximately 90% of malignant 

tumors (26). Deregulation of telomerase expression in somatic cells may be involved in 

carcinogenesis by maintaining telomere length and subsequently preventing cancer cells from 

replicative senescence (27). hTERT, the catalytic subunit of telomerase, is expressed only in 

proliferative cells of colon crypts and its expression in primitive colon crypt cells is more 

reflective of long-term proliferative activity than “snapshot” proliferative indicators, such as 
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the S-phase markers PCNA and Ki-67. Most cancer cells express hTERT and are telomerase 

positive, making it a useful cancer-cell detecting marker.  

The Ki-67 protein (also known as MKI67) is a cellular marker for proliferation. 

During interphase, the Ki-67 antigen can be exclusively detected within the cell nucleus, 

whereas in mitosis, most of the protein is relocated to the surface of the chromosomes. 

MIB-1/Ki-67 is found throughout the cell cycle (G1, S, G2, and M phases), but not in 

resting (G0) cells. The Ki-67 antigen is considered to be a good marker of the mitotic index 

and the fraction of dividing cells (28, 29). In normal crypts, MIB-1/Ki-67 positivity is only 

seen in the lower one-third of the crypt. However, dysplastic crypts show a reversed pattern 

in which the upper third of the crypt and mucosal surface are stained (30).  

Aberrant proliferative indexes precede and accompany colorectal tumorigenesis 

progression in rodent models and are thought to be a consequence of exposure to 

carcinogenic agents (31). Animal experimental evidence and preliminary evidence in humans 

suggest that proliferation abnormalities, which include hyperproliferation and an upward 

shift in the proliferation zone of normal colonic mucosa, are reversible biomarkers that may 

act as precursors for colorectal tumorigenesis (32-34). As such, cell proliferation may be 

considered as a valid intermediate end-point for colorectal cancer. We hypothesized that 

hTERT expression in colorectal crypts better reflects average, long-term proliferative activity 

than do “snapshot” proliferative indicators, such as the S-phase markers PCNA 

(proliferating cell nuclear antigen) and MIB-1, which demonstrate rapid, large responses to 

short-term physiologic stimuli.  

Inhibition of cell cycle progression is another important strategy for controlling 

cancer cell growth as derangements of the cell cycle can cause hyperproliferation and 

contribute to the malignant phenotype of tumor cells. The cell cycle consists of four main 
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stages: G1, the phase in which the cell prepares for DNA synthesis; S, the synthesis phase in 

which DNA is replicated; G2, the phase in which the cell prepares to divide and M, the 

mitotic (dividing) phase (Figure 1).  Molecular control of cellular proliferation is regulated by 

three main groups of proteins: cyclin-dependent kinases (CDKs), cyclins and CDK 

inhibitors. Cell cycle progression is supported by the interaction between cyclin-dependent 

kinases (CDK) and cyclin. Alternatively, cyclin kinase inhibitors (CKIs) halt cell cycle 

progression and inhibit the activity of CDK complexes.  In response to signals indicating 

DNA damage, the Cip/Kip family of Cdk inhibitors (including p21 and p27) bind to a broad 

range of Cdk-cyclin complexes, subsequently shutting off the cell cycle at multiple points.  

p21 is a cyclin-dependent kinase inhibitor that plays an important role in cell cycle 

regulation by integrating  genotoxic insults into growth arrest and apoptotic signaling 

pathways which ultimately determine cell fate (35).  The activation of p21 blocks G1-S 

transition by inhibiting Cdk2-Cyclin E/A, leading to the arrest of the cell cycle. p21 is one of 

the major transcription targets of p53 and is subsequently responsible for p53-dependent cell 

cycle arrest (36-38). Furthermore, p21 is a potent inducer of differentiation in intestinal 

colonocytes, and its expression is known to be down-regulated during the early stages of 

colon tumorigenesis (39).  Abnormalities in p21 expression has been linked to carcinogenesis 

(40) and p21 loss is observed in 79% of colon cancer tumors (41, 42). As such, p21 is a 

viable marker of differentiation and its expression may be considered an intermediate 

biomarker of risk for colorectal cancer. 

Ginger and CRC 

Dietary patterns may account for the larges differences seen in CRC rates globally 

and epidemiologic studies suggest that fruit and vegetable consumption is inversely 

associated with colorectal cancer risk (43, 44). This inverse association may be attributed to 
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biologically active secondary plant metabolites, which include phenolic compounds and 

carotenoids (45).   

Ginger root (Zingiber officinale ), a rhizomatous perennial plant, is the most commonly 

consumed spice in India and is used in traditional oriental medicine to treat gastrointestinal 

ailments, such nausea, dyspepsia and vomiting, arthritis, cardiovascular disease, and 

metabolic disease (46, 47). Ginger consists of both volatile oil components and non-volatile 

pungent phenol components. The pungent group, which includes gingerols, paradols, 

zingerone, and shogaols, are presumed to be responsible for ginger’s putative therapeutic 

effects (Figure 2).  

There is strong biological plausibility, as well as animal experimental evidence for 

protection against colorectal cancer by ginger supplementation, which has antioxidant, anti-

inflammatory, anti-angiogenesis, and anti-atherosclerotic properties.  The chemopreventive 

properties of ginger and its constituents have been demonstrated in both in vitro and animal 

studies. For example, [6]-gingerol, a constituent of ginger root, inhibited colorectal 

carcinogenesis in vitro by targeting leukotrine A4 hydrolase (48), and by increasing apoptosis 

through up-regulation of NAG-1 and down-regulation of cyclin D1 (49). Several additional 

in vitro and animal studies found that ginger potentiates apoptotic indices in different human 

cell lines through various signaling pathways (50-54).  

In vitro and animal studies also suggest that ginger and its constituents may act as 

chemopreventive agents by reducing COX-2 expression (55-57), increasing immune function 

(58, 59), lowering the activity of microbial enzymes (beta-glucuronidase and mucinase) (46), 

and blocking angiogenic signals that supply blood to tumor cells (60, 61). More recently, a 

randomized controlled trial found that ginger supplementation decreased prostaglandin E2 in 

the colonic mucosa of individuals at normal risk for CRC (62).   
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Despite the wealth of basic science studies demonstrating mechanistic support for 

ginger as a potential chemopreventive agent against CRC, several rodent studies found that 

ginger extract did not inhibit carcinogen-induced mouse bladder or colorectal tumorigenesis 

(63, 64). 

Evidence suggests that ginger and its constituents may act as chemopreventive 

agents by inducing apoptosis, modulating signals in cells that cause growth and division, and 

providing anti-oxidant and anti-inflammatory protection. However, the exact mechanisms 

whereby ginger may modulate colorectal cancer risk remain unclear.  While research efforts 

have focused on the effects of phytochemicals on signaling cascades associated with 

induction of cancer cell death and inhibition of cancer cell proliferation, the specific 

molecular and cellular targets need to be identified. Identification of molecular and cellular 

targets associated with the suppression of cell malignancy will provide a better understanding 

of the anticancer mechanisms of phytochemicals and may also be useful for determining the 

efficacy of other chemopreventive agents.  However, there are no in vivo human studies 

measuring the effect of ginger on apoptotic, proliferative, and differentiation markers in the 

normal colon mucosa.  

The purpose of this study was to estimate the effect of 2.0 g of ginger 

supplementation on markers of apoptosis, differentiation, and proliferation in the normal-

appearing colonic mucosa of people at increased risk for developing colorectal cancer in a 

pilot, randomized, double-blinded, placebo-controlled, clinical trial. 

INTRODUCTION 
 

Colorectal cancer (CRC) is the second leading cause of cancer-related deaths in the 

United States.  Estimates predict that 141,210 new cases of colorectal cancer will develop in 
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2011, resulting in 49,380 deaths (1). Reduced differentiation and deregulated cell cycle 

control provide the underlying platform for colon tumorigenesis; therefore, markers of cell 

cycle function, proliferation, and differentiation in the colorectal epithelium may serve as 

intermediate phenotypic biomarkers of risk for colorectal cancer and may be modifiable by 

dietary components. 

 International and migration studies point to the predominance of lifestyle and diet in 

colorectal cancer etiology, with roughly 70 percent of CRC being attributable to 

environmental factors (4, 5). The long latency period in CRC cancer provides a lengthy 

window of opportunity for intervention by chemopreventive agents. Furthermore, 

chemoprevention is an attractive option for reducing CRC risk, given that diet plays an 

important role in colorectal carcinogenesis.  

Epidemiologic studies suggest that diets rich in fruit and vegetable intake and lower 

in red and processed meats are associated with lower risk of several malignancies, including 

colorectal cancer (65). Dietary constituents, including plant-derived phenolic compounds, 

may act as chemopreventive agents by affecting molecular events in the initiation, promotion 

and progression stages of carcinogenesis (66).  

Ginger root (Zingiber officinale) and its main phenolic constituents (gingerols, paradols, 

zingerone, and shogaols) (Figure 2) have anti-oxidant (67-72), anti-inflammatory (56, 73-75), 

and anti-carcinogenic properties (47, 76-79). Ginger root can interfere with several cell 

signaling pathways that are important in the early development of cancer (76).  

For example, ginger potentiated apoptotic indexes in different human cell lines in 

vitro through various signaling pathways (50-53). Additionally, several lines of evidence 

suggest that [6]-gingerol is effective in suppressing the transformation, hyperproliferation, 

and inflammatory processes that initiate and promote tumorigenesis (55, 60, 80, 81). Despite 
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its anticancer activity in vitro, the exact molecular mechanisms by which ginger exerts its 

chemopreventive effects are not fully understood. Furthermore, there are no reported 

human in vivo investigations of the effects of ginger on apoptotic, proliferative, and 

differentiation markers in the normal colonic mucosa. 

The purpose of this study was to estimate the effect of 2.0 g of ginger 

supplementation on a marker of cell differentiation (p21waf1/cip1), two markers of 

apoptosis (Bax and Bcl-2), and two markers of cell proliferation (MIB-1/Ki-67 and hTERT) 

in the normal-appearing colonic mucosa of people at increased risk for developing colorectal 

cancer in a pilot, randomized, double-blinded, placebo-controlled, clinical trial. We used 

telomerase expression, as indicated by hTERT in colon crypt cells, as a marker of long-term 

proliferative activity, and the S-phase marker MIB-1 as a “snapshot,” or short-term 

proliferative indicator. We hypothesized that ginger supplementation would increase 

differentiation, decrease proliferation, and increase apoptosis within the normal-appearing 

colorectal epithelium of people at increased risk for developing colorectal cancer.  

METHODS 

Participants 

Participant recruitment and flow is depicted in Figure 3. Participants were recruited 

from the surrounding community of Ann Arbor, MI through fliers posted around the 

University of Michigan, advertisements in local newspapers, and word-of-mouth between 

June 2009 and January 2010. Eligible participants were healthy male and female volunteers 

18 years and older who were considered to be at increased risk for colorectal cancer.  

Increased CRC risk was defined as an individual who either had a first degree relative with 

colorectal cancer under the age of 60 at diagnosis or who had a previous adenomatous polyp 
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or early (Dukes A, B or C) colon cancer resected.  With the exception of curative surgery for 

small lesions, such as endoscopically removed cancers, eligible subjects were at least one year 

post-treatment for cancer. Exclusion criteria included lactose intolerance, a current diagnosis 

of peptic ulcer disease, gastrointestinal bleeding from gastric or duodenal ulcers, gastrin 

secreting tumors, a known allergy to ginger, supplements use/therapies that could obscure 

the ability to detect anti-inflammatory effects, and pregnant or lactating women. 

Additionally, individuals with hereditary non-polyposis colon cancer or familial adenomatous 

polyposis (HNPCC/FAP), inflammatory bowel disease, or coagulopathy/hereditary 

hemorrhagic disorders were excluded. Over the 6-month recruitment period, 42 people were 

assessed for eligibility, of whom 21 (50%) met all eligibility criteria and were randomized (11 

to placebo and 10 to 2.0 g ginger). 

Participants were asked to avoid all foods containing ginger within the 14 days prior 

to drug administration. This was confirmed by having participants complete a food checklist 

to verify that they were not consuming any ginger-rich foods such, as ginger ale, or Japanese 

food. All of the participants were reimbursed for their time.  

The study was approved by the University of Michigan Institutional Review Board. 

All study procedures were administered at the University of Michigan Clinical Research Unit 

(MCRU) after the participant gave written, informed consent.  

Ginger Intervention 

The ginger product used in this study was manufactured by Pure Encapsulations. 

Pure Encapsulation’s ginger (Zingiber officinale radix) powder was processed using Good 

Manufacturing Procedures (GMP). Each capsule contained 250 mg dry extract of ginger root 

[10:1 (v/v) extraction solvent (ethanol 50%): root] standardized to 5%-gingerols. On the 

basis of high performance liquid chromatography (HPLC) analysis, a 250 mg capsule of 
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ginger extract (from both batches) contained 5.38 mg (2.15%) 6-gingerol, 1.80 mg (0.72%) 8-

gingerol, 4.19 mg (1.78%) 10-gingerol, and 0.92 mg (0.37%) 6-shogaol. Gingerol and shogaol 

content was verified by an independent laboratory using appropriate HPLC techniques 

(Integrated Biomolecule Corporation).  

The study was conducted using two batches (ZO/06006 and ZO/07006) of ginger 

powder extract, both of which were tested for gingerol and shogaol content. The 2.0 g dose 

used in the study was chosen based on the highest tolerated amount of ginger extract in a 

phase I dose escalation study in healthy volunteers (82). Placebo consisted of lactose 

powder. Ginger powder and lactose were placed into identical opaque red capsules. Placebo 

and ginger capsules were assembled, stored, and dispensed by the Investigational Drug 

Service of the University of Michigan (U of M IDS). The participants were instructed to take 

four 250 mg capsules twice daily with food and to bring any unused capsules to the final (28 

day) study visit. 

Randomization, allocation, and blinding 

Eligible participants were randomized to one of two groups: placebo or ginger 

extract (2.0 g). The randomization code was computer-generated by the study biostatistician. 

The randomization code was kept by the University of Michigan (U of M IDS), which 

assigned the next available randomization number as the study team informed them of 

eligible participants. Study participants and all study personnel who assessed outcomes, 

worked with study data, or administered tests or questionnaires were unaware of the 

randomization list or treatment assignment. 

Adherence and assessment of blinding  

Participants were assessed for adherence by a research coordinator through weekly 

telephone calls, self-report, and pill counts at the end of the study. Adherence was defined as 
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taking the capsules within four hours of the agreed upon time, twice daily. Participants were 

classified as adherent if the weekly monitoring suggested that 70% or more of the doses 

were taken as prescribed. Blinding was assessed by asking the participants during their final 

visit which treatment they believed they received ("ginger," "placebo," or "do not know").  

Toxicity assessment 

Participants were assessed for toxicity by direct questioning in person, by email, or 

by telephone at weekly intervals. The National Cancer Institute (NCI) Common Toxicity 

Scale V 3.0 (Regulatory Affairs Branch, Cancer Therapy Evaluation program, Division of 

Cancer Treatment, Diagnosis, and Centers, NCI; ref. 29) was used to quantify toxicity. 

Flexible sigmoidoscopy and tissue collection  

Participants underwent two flexible sigmoidoscopies, one at baseline and the second 

within 24 hours of the last ginger/placebo dose on day 28. Participants did not have to be 

fasting for their visits and did not take a bowel cleansing preparation or enema. Participants 

were, however, asked to evacuate their bowel as close to the procedure as possible. 

Participants were placed in a left lateral decubitus position and a flexible sigmoidoscope was 

passed at least 15 cm from the anal sphincter. Four tissue samples were taken by opening 

and pressing the biopsy forceps perpendicular to the mucosal surface with mild pressure. 

Each biopsy specimen was taken approximately 2 cm or more from other biopsy sites in 

distal sigmoid colonic mucosa that had no visual appearance of trauma or recent biopsy. 

Tissue handling and disposition 

The biopsies were immediately placed in phosphate buffered saline, reoriented under 

a dissecting microscope, and transferred to 10% normal buffered formalin followed by 

transfer to 70% ethanol 24 hours after initial placement in formalin. The paraffin blocks, 

each containing four biopsies, were then cut into 3-µm-thick sections, with each level 40 µm 
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apart. Five slides with three biopsy levels each were processed and stained within 7 days of 

being cut, yielding a total of 15 biopsy levels per patient. 

Immunohistochemistry protocol 

Slides were immunohistochemically processed using a labeled streptavidin-biotin 

method for Bax, Bcl-2, p21, hTERT, and MIB-1 as summarized in Figure 4. Slides were not 

counterstained.  After staining, the slides were coverslipped with a Leica CV5000 

Coverslipper (Leica Microsystems, Inc., IL). Baseline and follow-up biopsy slides were 

included in same staining batch. Additionally, each staining batch included both positive and 

negative control slides. 

A quantitative image analysis method (scoring) was used to evaluate the expression 

of the biomarkers in the colon crypts, as described previously (83). The basic scoring 

method (Figure 5) used to describe and quantify various characteristics of the labeled 

antigens in the colon crypts was an image analysis scoring procedure for antigens that were 

labeled with a wide range of intensities in gradient distributions along the crypt axis. The unit 

of analysis was the “hemicrypt,” defined as one half of a crypt bisected from crypt base to 

colon lumen. A “scorable” hemicrypt was defined as an intact hemicrypt that extended from 

the muscularis mucosa to the colon lumen. Hemicrypts were manually traced by a trained 

technician and divided by the software into a number of segments corresponding in width to 

an average normal crypt epithelial cell. Overall hemicrypt- and segment-specific optical signal 

densities were then calculated by the software and stored into a Microsoft Access database 

along with various dimensional parameters of the hemicrypt. All images were obtained at 

200× magnification and stored as 16-bit grayscale 1,600 × 1,200 pixel images. 

The goal was to analyze a minimum of 16 hemicrypts on each of two biopsies, for a 

total of 32 hemicrypts. Blinded subsets of previously analyzed slides were resubmitted to the 
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technician during the study to assess intra-reader reliability, which was found to range from 

0.92 to 0.98 throughout.  

Statistical methods and sample size 
 

Balance between treatment groups on baseline characteristics was tested using 

independent sample t-tests for continuous variables and Pearson’s chi square and Fisher’s 

exact tests, as appropriate, for categorical variables. Slide “scoring” reliability was analyzed 

using intra-class correlation coefficients.  

The mean optical density of Bax, Bcl-2, MIB-1, hTERT, and p21 labeling in normal 

colon crypts was calculated for each patient at baseline and 28 day follow-up by summing all 

the densities from all analyzed crypts from the biopsy specimens and dividing by the number 

of crypts analyzed (this measure indicates the overall rate of proliferation, apoptosis, or 

differentiation of colorectal crypt epithelial cells). The crypt differentiation compartment was 

defined a priori as the upper 40% of the crypts, and the crypt proliferation compartment was 

defined as the bottom 60% of the crypts. Measures of the within-crypt distributions of the 

biomarkers were calculated for each patient by taking the mean of the biomarker densities in 

the upper 40% of crypts and dividing it by the biomarker densities in the entire crypt (Φh).  

 

Primary analyses were based on assigned treatment at the time of randomization, 

regardless of adherence status (intent-to-treat analysis). Treatment effects were evaluated by 

assessing the differences in biomarker concentration from baseline to the 28 day follow-up 

visit between the ginger and placebo group by a repeated-measures linear mixed effects 

model, as implemented using a Proc MIXED effects model. The model included the 

intercept, indicators for treatment group and visit (baseline and follow-up), and a treatment 

by visit interaction term. Since optical density is measured in arbitrary units, to provide 
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perspective on the magnitude of the treatment effects we also calculated relative effects, 

defined as: [treatment group follow-up mean/treatment group baseline mean]/[placebo 

follow-up mean/placebo baseline mean]. The relative effect provides a conservative estimate 

of the proportional change in the treatment group relative to that in the placebo group, and 

its interpretation is somewhat analogous to that of an odds ratio (e.g., a relative effect of 2.0 

would mean that the proportional change in the treatment group was two times that in the 

placebo group). Since the treatment groups were balanced on risk factors at baseline, no 

adjustment was made for other covariates in the primary intent-to-treat analyses.  

To assess the effects of ginger supplementation on cellular functioning, two cell cycle 

summary scores were created; summary scores included Bax, Bcl-2, p21 and one marker of 

proliferation (either hTERT or MIB-1). Scores for each biomarker were based on the 

percent change in biomarker expression over the treatment period ([participant biomarker at 

follow-up – participant biomarker at baseline]/participant biomarker at baseline). Percent 

changes were divided into seven equal interval categories, which were determined a priori, (≤-

75%, -75% to -45.1%, -45% to -15.1%, -15% to 15%, 15.1% to 45%, 45.1% to 75% and 

≥75%) and corresponded to a score ranging from -3 to 3. The combined cell cycle score was 

created for each participant by summing the interval scores of each individual biomarker  

(Bcl-2, hTERT and MIB-1 were included with a negative sign as increases in these 

biomarkers are generally thought to be associated with greater risk for tumorigenesis). As 

such, positive scores reflect higher levels of apoptosis and/or differentiation relative to 

proliferation while negative scores reflect the opposite balance.  

Statistical analyses were performed using SAS 9.2 statistical software (SAS Institute 

Inc.). A P value ≤ 0.05 (two-sided) was considered statistically significant.  In addition to 

analyzing cell cycle scores and overall mean changes in biomarker expression, ratios 
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comparing changes within and between each of the biomarkers were tested. Given that a 

total of 42 tests were conducted, at least two would be expected to be significant by chance 

alone at the 0.05 level of significance. 

RESULTS 
 

Characteristics of study participants 
 

Treatment groups did not differ significantly on characteristics measured at baseline 

(Table 1). The mean age of participants was 51 years, 35% were male, 75% were white, and 

50% had a first degree relative with colorectal cancer under the age 60 at the time of 

diagnosis. One participant withdrew from the study after randomization as they were found 

to not to be at increased risk for CRC. Nine (90%) participants in the ginger group reported 

an adverse event over the course of the study compared to four participants in the placebo 

group (p = 0.06; Table 1a). No toxicities greater than NCI Common Toxicity Criteria (v. 3.0) 

Grade I were reported. GI symptoms, which included bloating, gas, nausea, and heartburn, 

were the most commonly reported adverse event, occurring in 70% of individuals in the 

ginger group and 30% of individuals in the placebo group (p = 0.18). 

Over the four week trial period, participants in the ginger and placebo groups 

respectively took 98% and 95% of the pills administered at trial onset. 

Effects of ginger on the separate and relative expressions of Bax, Bcl-2, p21, hTERT 
and MIB-1 in normal colorectal crypts 
 

At baseline, there were no statistically significant differences between treatment 

groups in Bax, Bcl-2, p21, hTERT or MIB-1 levels (Table 2). There were also no statistically 

significant changes in the overall crypt expression of Bax or Bcl-2 after four weeks of 

treatment, although there was a suggestion that the mean biomarker levels decreased slightly.  
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Bax expression in the ginger group decreased by 15.6% (p = 0.78) along the full 

length of the crypts, and increased by 20% (p = 0.13) in the Φh of crypts, relative to the 

placebo group. There were no statistically significant treatment effects on the expression of 

Bcl-2 in the crypts overall or in the Φh of crypts. 

After four weeks of treatment, the Bax/Bcl-2 ratio decreased 26.6% (p = 0.62) along 

the entire length of the crypts and increased 16.7% (p = 0.58) in the Φh of crypts, relative to 

the placebo group. 

p21 expression in the ginger group decreased by 18.2% (p = 0.43) along the full 

length of the crypts, 16.9% (p = 0.45) in the upper 40% of crypts, and 53.2% (p = 0.73) in 

the lower 60% of crypts, relative to the placebo group; the p21 labeling index Φh increased 

by 5.7% (p = 0.33) in the ginger group relative to the placebo group.  

The estimated relative treatment effects on MIB-1 expression along the entire crypt, 

the upper 40% of crypts, and the lower 60% of crypts were decreases of 16.9% (p = 0.39), 

46.8% (p = 0.39), and 15.3% (p = 0.41), respectively. Additionally, MIB-1 expression in the 

Φh of crypts decreased by 35.5% (p = 0.60) in the ginger group relative to the placebo 

group.  

In the ginger group, hTERT expression along the full length of crypts statistically 

significantly decreased by 41.2% (p = 0.05), relative to the placebo group; the treatment 

effect on hTERT expression was slightly more pronounced in the canonical differentiation 

zone of crypts (-47.9%; p = 0.04).   

Following four weeks of treatment, the p21/hTERT ratio increased 34.6% (p = 

0.34) along the entire length of the crypt, 39% (p = 0.32) in the upper 40% of crypts, and 

14.2% (p = 0.18) in the Φh of crypts. In the ginger group, the p21/MIB-1 ratio decreased by 

23.3% (p = 0.69) along the entire length of the crypts relative to the placebo group. The 
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treatment effect was more pronounced in the upper 40% of crypts (73.6%; p = 0.55). 

Furthermore, the p21/MIB-1 ratio in the Φh of crypts increased 192% (p = 0.38) in the 

ginger group relative to the placebo group. In the ginger group, the Bax/hTERT ratio 

increased 82% (p = 0.22) along the entire length of the crypts and 25.6% (p = 0.05) in the 

Φh of crypts, relative to the placebo group. After four weeks of treatment, the Bax/MIB-1 

ratio remained relatively unchanged along the entire length of the crypts (-4.9%; p = 0.96), 

while increasing 127% (p = 0.48) in the upper 40% of crypts and 168% (p = 0.37) in the Φh 

of crypts, relative to the placebo group.  

Effects of ginger on the cell cycle score 
 

The effects of ginger supplementation on the “cell cycle scores” are summarized in 

Table 3. On one hand, there was relatively no treatment effect on the cell cycle score that 

included MIB-1 as the proliferation marker. On the other hand, the estimated treatment 

effect on the cell cycle score that included the long-term proliferation hTERT was a 74% 

increase in the cell cycle score in the ginger group relative to the placebo group ([-0.33 vs. -

1.30]; p=0.35).  

DISCUSSION 
 

Our results suggest that ginger supplementation may reduce proliferation in the 

crypts of the normal-appearing colorectal epithelium and increase apoptosis and 

differentiation relative to proliferation—especially in the proliferative zone of crypts of 

individuals at increased risk for CRC.  These findings are consistent with previous studies 

which have suggested that the chemopreventive properties of ginger may lie in its ability to 

regulate cell function and viability.  
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In vitro and animal studies also suggest that ginger and its constituents may act as 

chemopreventive agents by reducing COX-2 expression (55-57), increasing immune function 

(58, 59), lowering the activity of microbial enzymes (beta-glucuronidase and mucinase) (46), 

and blocking angiogenic signals that supply blood to tumor cells (60, 61). 

In the present study, expression of proliferation markers decreased in response to 

ginger supplementation, a finding that is consistent with those from animal models (84, 85) 

and in vitro (61, 86-89) studies.  Our findings also indicate that the strongest treatment effect 

was in hTERT expression, which is consistent with previous reports that found that ginger 

inhibited hTERT and c-Myc expression in human non-small lung cancer cells (90). While the 

estimated treatment effect was not as strong on MIB-1, the effect was more pronounced in 

the upper sections of the colorectal crypts, suggesting that ginger decreases proliferation in 

the parts of the colorectal crypts most exposed to bowel lumen carcinogens.  

Although we hypothesized that ginger supplementation would increase apoptosis 

and differentiation, results from the study indicated that ginger reduced Bax and p21 

expression. Our findings are not consistent with previous in vitro (49-53) and animal studies 

(48, 91), although similar null results were reported in several rodent models (63, 64) and in 

vitro studies of HT-29 and Caco-2 colon tumor cell lines (49, 92). A possible explanation for 

this finding is that the biomarkers used may not have been the best measures of cellular 

differentiation and apoptosis in normal colorectal crypts. However, p21 is a potent inducer 

of differentiation in intestinal colonocytes, and its expression is known to be down-regulated 

during the early stages of colon tumorigenesis (39). Abnormalities in p21 expression has 

been linked to carcinogenesis (40) and p21 loss is observed in 79% of colon cancer tumors 

(41, 42). As such, p21 is a viable marker of differentiation and its expression may be 

considered an intermediate biomarker of risk for colorectal cancer. Additionally, there is 
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substantial evidence that markers of apoptosis, including Bax and Bcl-2 expression, are 

plausible candidates for treatable biomarkers of risk for colorectal neoplasms.  

Failure to delete cells with accumulated genetic and epigenetic changes via apoptosis 

is an important step in colon carcinogenesis that may lead to adenoma development 

subsequent neoplasia. Pro- or anti-apoptotic tendencies in the normal colon mucosa are 

reflected by the expression of Bax and Bcl-2 proteins, respectively. Previous studies have 

shown Bcl-2 protein expression in various premalignant lesions, implying that abnormal 

expression of Bcl-2 may lead to the accumulation of long-living cells, and subsequent tumor 

development (23, 24). Thus, measuring both of these proteins in colon crypts most likely 

provides a good indicator of apoptosis.  

Furthermore, even if cell differentiation and apoptotic markers are valid intermediate 

biomarkers of risk for colorectal cancer, interpretation of both marker expression and 

influence of ginger supplementation on marker expression may differ based upon stage of 

carcinogenesis progression. Chemopreventive agents whose influences are confined to a 

specific stage of colorectal tumorigenesis could be missed using the current study 

population. For example, ginger may influence p21 expression in individuals with a family 

history of CRC (and those without prior adenomas or CRC), but this finding would be 

obscured in the current study population, which also includes individuals with a previously 

resected adenomatous polyp or CRC. Additionally, the relatively short length of the study 

may not have been long enough for ginger to produce any measurable changes within the 

colonic mucosa. 

There are several additional possible explanations for these finding, including 

chance—especially considering the small sample size—and non-transferability of in vitro and 

animal model results to human models; all previous studies were either in vitro or animal 
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experimental studies and the chemopreventive effects of ginger observed in these studies 

may not necessarily translate to decreased CRC risk in humans. Additionally, previous 

studies focused on the effect of ginger on tumor cells, rather than normal cells. As such, 

ginger’s anti-carcinogenic effects may be confined to active cancer cell lines or may be 

expressed differently in normal human cells. 

 While both the Bax/Bcl-2 ratio and p21 expression decreased in the treatment 

group, relative to the placebo group, our results suggest that ginger “normalized” Bax and 

p21 expression in the luminal zone. Animal studies and preliminary evidence in humans 

suggest that an upward shift in the proliferative zone of normal colonic mucosa is a 

precursor for colon neoplasia (33, 93). Furthermore, patients with a history of sporadic 

adenoma (94-101) and those with a family history of colorectal cancer (99, 102, 103)  were 

found to have an increased proliferation rate and an extension of the proliferation zone to 

include the luminal zone. Thus, “normalization” of the luminal compartment of the crypt 

may be an integral mechanism by which ginger suppresses the initiation of colorectal 

carcinogenesis in individuals at increased risk for CRC. 

 Moreover, given that apoptosis and proliferation occur through tightly regulated 

processes, decreased apoptosis may simply be a reflection of decreased proliferation. Our 

results indicated a positive correlation between Bax and both hTERT and MIB-1. The 

positive correlation between apoptosis and proliferation indices suggests that apoptosis may 

reflect not only cell death, but also proliferation activity. This finding, which is in agreement 

with previous studies using rodent models (104, 105), suggests that a link exists between the 

two pathways and may, in part, be explained by cell cycle sequence: apoptosis primarily 

occurs in the late G1 and G2 phases, but not in the G0 and M phases (106).  
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This trial emphasizes the importance of randomization in cancer chemoprevention 

trials. In the placebo group, we observed a decrease in Bax expression and an increase in 

both hTERT and MIB-1 expression after 4 weeks of follow-up. The causes for the time-

related influences producing these decreases in the placebo group are unknown; however, 

they may have been due to: underlying biological processes in individuals at increased risk 

for CRC, participants developing recurrent polyps during the study period, laboratory drift, 

and/or chance. In clinical trials, such extraneous temporal influences are presumed to occur 

equally across all treatment groups; therefore, change in the placebo group is “subtracted” 

from any change in an active treatment group to yield the true treatment effect. Thus, in this 

trial, without a placebo-control group, the treatment effect on apoptotic markers would have 

been overestimated while treatment effect on markers of proliferation would have been 

underestimated. 

Additionally, this trial highlights the importance of studying all major cell cycle 

functions when assessing the impact of certain chemopreventive agents. The processes of 

apoptosis, differentiation, and proliferation are intricately correlated; research focusing 

strictly on one or two phenotypic cell markers will most likely not provide enough 

information to accurately describe the status of key systems within colonocytes whose 

malfunction can lead to the development of colorectal cancer. 

This study has several limitations and strengths. Proliferation, differentiation, and 

apoptosis markers are not proven biomarkers of risk for colon cancer; however, substantial 

basic science literature supports an important role for cell cycle functioning in colon 

carcinogenesis. 

Given that the endpoints investigated were intermediate markers of risk, this study 

cannot prove that ginger-mediated reductions in proliferation will translate to actual 
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reductions in colon cancer risk. The study design also provides neither estimates of the 

rapidity of a response to ginger nor a determination of whether an effect would be apparent 

with prolonged use. Furthermore, given the small sample size of the pilot, randomized, 

controlled trial, the study had limited statistical power; thus, our findings may have been due 

to chance. Also, the small size did not allow us to conduct additional subgroup analyses by 

risk type (e.g., family history, previous adenoma, previous CRC). On the other hand, this 

study, to the best of our knowledge, is the first randomized, double-blinded, placebo-

controlled trial to have assessed the effects of ginger on apoptosis, proliferation, and 

differentiation markers in the normal-appearing colorectal epithelium, there was high 

protocol adherence by study participants, immunohistochemical staining was automated, 

and, via the use of novel quantitative image analysis procedures, biopsy analysis reliability 

was high.  

In summary, these preliminary results 1) suggest that ginger may reduce proliferation 

in the crypts of normal-appearing colorectal epithelium and increase apoptosis and 

differentiation relative to proliferation–especially in the proliferative zone of crypts, and 2) 

support a full-scale clinical trial to further investigate these results.  
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Table 1. Selected baseline characteristics of participants

Characteristics Ginger Placebo P
†

n=10 n=10

Sex, No. (%)

     Men 4 (40) 3 (30) 0.64

     Women 6 (60) 7 (70)

Race, No. (%)

     White     8 (80) 7 (70) 0.38

     Other* 2 (20) 3 (30)

Age, mean (SD), years 51.1 (11.7) 50.8 (14.6) 0.95

Reason for being high risk for CRC
‡
, No. (%)

     First degree relative 4 (40) 6 (60) 0.47

     Previous adenoma 6 (60) 6 (60)

     Previous CRC 1 (10) 0 (0)

*African American, Asian, Pacific Islander, American Indian/Alaskan Native
†
 Independent sample t-test or Pearson's Chi-square, as appropriate

‡
 CRC=Colorectal cancer; 1st degree relative must have had a diagnosis of 

colorectal cancer before the age of 60; Prior colorectal cancer must have been 

fully excised and either Duke’s A or B; Values add up to >100% due to 

participants having several reasons for being at high risk for colorectal cancer

Table 1a. Adverse Events (AE) Reported by Participants

AE Ginger Placebo P
†

n=10 n=10

Participants reporting any AE, No. (%) 9 (90) 4 (40) 0.06

GI
‡

7 (70) 3 (30) 0.18

Other 3 (30) 1 (10) 0.58

†
: Chi-Sqaure or Fisher's Exact Test, as appropriate

‡ 
Symptoms include: bloating, urgency, gas, nausea, heartburn, sores in mouth & anorexia

††
: Other includes: allergic reaction, nose bleed, skin rash
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Table 2. Changes in biomarkers of apoptosis, proliferation and differentiation in colorectal crypts

Biomarker

n Mean SD Mean SD Mean SD P*

Bax

Placebo 10 658 333 520 391 N/A N/A N/A

Luminal 240 129 187 158 N/A N/A N/A

Proliferative 391 211 310 224 N/A N/A N/A

Ratio of Luminal/Total 0.37 0.07 0.35 0.05 N/A N/A N/A

Ginger 9 585 232 390 164 -56 194 0.78

Luminal 213 109 155 62 -5 79 0.95

Proliferative 348 138 216 106 -50 117 0.67

Ratio of Luminal/Total (Φh) 0.36 0.08 0.40 0.06 0.06 0.04 0.14

Bcl-2

Placebo 10 539 278 501 255 N/A N/A N/A

Luminal 67 80 59 53 N/A N/A N/A

Proliferative 498 219 439 212 N/A N/A N/A

Ratio of Luminal/Total 0.11 0.06 0.11 0.05 N/A N/A N/A

Ginger 10 648 236 570 185 -40 152 0.80

Luminal 54 27 48 21 2 32 0.95

Proliferative 592 223 520 173 -43 131 0.75

Ratio of Luminal/Total (Φh) 0.09 0.03 0.09 0.03 0.50 0.03 0.87

p21

Placebo 10 355 141 388 148 N/A N/A N/A

Luminal 318 117 360 146 N/A N/A N/A

Proliferative 37 50 28 22 N/A N/A N/A

Ratio of Luminal/Total (Φh) 0.91 0.10 0.93 0.06 N/A N/A N/A

Ginger 10 311 124 278 103 -66 82 0.43

Luminal 286 121 269 100 -59 77 0.45

Proliferative 25 30 9 6 -7 20 0.73

Ratio of Luminal/Total (Φh) 0.90 0.11 0.97 0.02 0.05 0.05 0.33

hTERT

Placebo 10 2,054 769 2,715 1,114 N/A N/A N/A

Luminal 661 286 896 454 N/A N/A N/A

Proliferative 1,347 467 1,760 630 N/A N/A N/A

Ratio of Luminal/Total (Φh) 0.32 0.04 0.32 0.04 N/A N/A N/A

Ginger 10 2,651 1,084 2,059 683 -1,253 589 0.05

Luminal 911 405 643 208 -502 223 0.04

Proliferative 1,668 667 1,369 478 -713 359 0.06

Ratio of Luminal/Total (Φh) 0.34 0.04 0.32 0.06 -0.02 0.03 0.57

MIB-1

Placebo 10 1,388 452 1,571 598 N/A N/A N/A

Luminal 45 51 72 92 N/A N/A N/A

Proliferative 1,343 420 1,498 514 N/A N/A N/A

Ratio of Luminal/Total (Φh) 0.03 0.03 0.04 0.03 N/A N/A N/A

Ginger 10 1,432 536 1,346 284 -268 305 0.39

Luminal 68 68 58 43 -37 42 0.39

Proliferative 1,363 496 1,287 263 -231 275 0.41

Ratio of Luminal/Total (Φh) 0.04 0.04 0.04 0.03 -0.01 0.02 0.60

‡
 Relative Treatment Effect is defined as:  (treatment group follow-up/treatment group baseline)/(placebo follow-up/placebo baseline)

* P values for difference between each treatment group and placebo group from mixed model
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† 
Absolute Treatment Effect is the absolute change from baseline to follow-up in the treatment group minus the absolute change from 

baseline to follow-up in the placebo group from mixed model
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Table 2. Changes in biomarkers of apoptosis, proliferation and differentiation in colorectal crypts (Cont'd)

Biomarker

n Mean SD Mean SD Mean SD P*

Bax/Bcl-2 Ratio

Placebo 9 1.40 0.74 1.38 1.19 N/A N/A N/A

Luminal 5.32 2.82 4.88 3.91 N/A N/A N/A

Proliferative 0.96 0.60 0.97 0.91 N/A N/A N/A

Ratio of Luminal/Total 4.16 2.01 3.93 1.74 N/A N/A N/A

Ginger 9 0.99 0.47 0.72 0.36 -0.26 0.51 0.62

Luminal 4.82 3.12 3.47 1.56 -0.92 1.95 0.64

Proliferative 0.64 0.27 0.44 0.25 -0.21 0.38 0.60

Ratio of Luminal/Total (Φh) 4.64 1.84 5.12 2.00 0.71 1.23 0.58

Bax/hTERT Ratio

Placebo 9 0.37 0.25 0.22 0.19 N/A N/A N/A

Luminal 0.43 0.29 0.25 0.25 N/A N/A N/A

Proliferative 0.33 0.23 0.20 0.17 N/A N/A N/A

Ratio of Luminal/Total (Φh) 1.16 0.16 1.11 0.21 N/A N/A N/A

Ginger 9 0.23 0.08 0.25 0.25 0.17 0.13 0.22

Luminal 0.25 0.11 0.29 0.24 0.22 0.15 0.17

Proliferative 0.22 0.07 0.22 0.25 0.14 0.13 0.27

Ratio of Luminal/Total (Φh) 1.04 0.15 1.25 0.23 0.26 0.12 0.05

Bax/MIB-1 Ratio

Placebo 9 0.48 0.23 0.32 0.20 N/A N/A N/A

Luminal 81.19 156.40 15.44 14.50 N/A N/A N/A

Proliferative 0.49 0.24 0.33 0.22 N/A N/A N/A

Ratio of Luminal/Total (Φh) 71.55 143.30 20.03 19.60 N/A N/A N/A

Ginger 9 0.46 0.24 0.29 0.11 -0.01 0.13 0.96

Luminal 42.25 66.75 18.26 29.01 41.76 57.31 0.48

Proliferative 0.49 0.26 0.31 0.12 -0.02 0.14 0.89

Ratio of Luminal/Total (Φh) 24.60 31.16 18.43 19.24 45.35 49.71 0.37

p21/hTERT Ratio

Placebo 10 0.18 0.07 0.16 0.07 N/A N/A N/A

Luminal 0.53 0.21 0.47 0.23 N/A N/A N/A

Proliferative 0.03 0.05 0.02 0.02 N/A N/A N/A

Ratio of Luminal/Total (Φh) 2.92 0.54 2.92 0.32 N/A N/A N/A

Ginger 10 0.13 0.08 0.15 0.08 0.05 0.05 0.34

Luminal 0.37 0.26 0.45 0.18 0.14 0.14 0.32

Proliferative 0.02 0.01 0.01 0.00 0.00 0.02 0.86

Ratio of Luminal/Total (Φh) 2.69 0.36 3.07 0.50 0.38 0.28 0.18

p21/MIB-1 Ratio

Placebo 10 0.28 0.12 0.26 0.11 N/A N/A N/A

Luminal 57.13 129.18 15.52 17.56 N/A N/A N/A

Proliferative 0.03 0.03 0.02 0.02 N/A N/A N/A

Ratio of Luminal/Total (Φh) 192.44 422.80 53.55 53.07 N/A N/A N/A

Ginger 10 0.25 0.16 0.21 0.21 -0.03 0.08 0.69

Luminal 26.76 51.35 12.62 13.91 27.46 44.53 0.55

Proliferative 0.02 0.02 0.01 0.00 0.00 0.01 0.80

Ratio of Luminal/Total (Φh) 73.76 89.08 59.90 65.26 125.05 139.20 0.38

‡
 Relative Treatment Effect is defined as:  (treatment group follow-up/treatment group baseline)/(placebo follow-up/placebo baseline)

* P values for difference between each treatment group and placebo group from mixed model
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Table 3. Changes in cell cycle score 

n Mean SD

Cell Cycle Score (w/ MIB-1)

Placebo 9 -0.70 2.63

Ginger 9 -0.78 3.31

Cell Cycle Score (w/hTERT)

Placebo 9 -1.30 2.87

Ginger 9 -0.33 1.22

*  P-value is based on an independent samples t-test

Treatment 

 "Physiology or Medicine for 2001 - Press Release". Nobelprize.org. 20 Apr 2012 

Figure 1.  Schematic of a cell cycle
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Paradols Gingerols

Shogaols Zingerone

Figure 2. Chemical structure of major ginger phenolics



30 

 

 

 

Figure 3. Flow diagram of a trial of ginger supplementation over 4 weeks on 

markers of apoptosis, proliferation and differentiation in the normal-appearing 

colorectal mucosa of individuals at increased risk for CRC.  
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Antibody Clone Host Manufacturer Dilution Catalog

Bax NA R-pAb Dako 1:250 A3533

Bcl-2 100 M-mAb Santa Cruz 1:250 SC-509

p21 (#02) SX118 M-mAb Dako 1:50 M7202

hTERT C-term R-mAb Epitomics 1:50 1531-1

Ki-67 (MIB-1) MIB-1 Mouse Dako 1:350 M7240

Bax

hTERT

Figure 4. Summary of biomarker immunochemical protocols and images (at 200x magnification) 

of colon crypts immunohistochemically processed for: Bax, apoptotic marker; Bcl-2, anti-apoptotic 

marker; p21, differentiation marker; MIB-1, proliferation marker (short term); hTERT, 

proliferation marker (long term)  

     p21              Bcl-2

                     MIB-1
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Figure 5. Quantitative image analysis using Aperio Scanscope and CellularEyes software
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CONCLUSIONS, PUBLIC HEALTH IMPLICATIONS, AND FUTURE 
DIRECTIONS 
 

Early proliferative and apoptotic changes in the normal colorectal mucosal crypt 

epithelium appear to precede or at least accompany the development of adenomas or cancer 

and, thus, may have value as predictive or diagnostic markers. Although the literature 

suggested that decreases in apoptosis accompanied by increases in proliferation typically 

precede and promote colorectal carcinogenesis initiation, their expression was positively 

correlated in the present study. However, little or no research has been done in the normal-

appearing human colonic mucosa and, as such, associations suggested by the literature may 

only be translatable to tissue undergoing progressive or advanced stages of colorectal 

carcinogenesis. Our results further suggest the possibility that apoptosis may reflect not only 

cell death, but also proliferation activity; however, this was not directly addressable by our 

study design and requires further investigation.    

Our study emphasizes the importance of using multiple biomarkers to provide a net 

summary of cell cycle functioning as one protein or even several proteins that take part in 

one pathway of carcinogenesis will most likely not provide enough information to accurately 

describe the status of key systems within colonocytes whose malfunction can lead to the 

development of colorectal cancer.  

Our results suggested that ginger may reduce proliferation in the crypts of normal-

appearing colorectal epithelium and increase apoptosis and differentiation relative to 

proliferation—especially in the proliferation zones of crypts. Thus, our results support 

conducting a full-scale clinical trial of ginger on cell cycle markers in the normal-appearing 

colorectal mucosa in patients at increased risk for colorectal cancer. If such a trial were 

successful, then a trial of ginger and colorectal adenoma recurrence would be supported. 
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Future biomarker endpoint studies should provide a net summary of the major cell 

cycle characteristics including proliferation, differentiation, and apoptosis when investigating 

the potential effectiveness of chemopreventive agents. In addition, studies are needed to 

elucidate the mechanisms by which ginger may modulate apoptotic and proliferative indices 

in the normal-appearing human colonic mucosa.  
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APPENDICES 
 

 

 

  

Table 4. Scoring System 

Percent Change Score

75.1% + 3

45.1% to 75% 2

15.1% to 45% 1

-15%  to 15% 0

-15.1%  to - 45% -1

- 45.1% to - 75% -2

-75.1% + -3
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Obs Overall % 

Change

% Change - 

Proliferative

% Change - 

Luminal

Obs Overall % 

Change

% Change - 

Proliferative

% Change - 

Luminal

Obs Overall % 

Change

% Change - 

Proliferative

% Change - 

Luminal

Obs Overall % 

Change

% Change - 

Proliferative

% Change - 

Luminal

Obs Overall % 

Change

% Change - 

Proliferative

% Change - 

Luminal

1 -76.6851 -69.678 -83.995 1 16.6016 15.4056 22.675 1 -16.074 31.45 -20.281 1 -4.991 2.996 -23.678 1 -20.107 -20.119 -15.26

4 -6.1153 40.144 -22.6887 4 -39.6621 -35.8266 -69.518 4 -34.751 -80.086 -36.785 4 35.911 40.554 30.629 4 15.869 15.508 44.52

5 -24.1109 -26.544 -13.9134 5 -14.3313 -16.9545 45.576 5 -0.519 -13.894 -4.678 5 -7.894 -8.943 -4.432 5 -6.242 -6.449 3.27

6 -3.8298 -11.606 10.5565 6 -21.2638 -14.881 -36.102 6 -26.303 -72.449 -15.12 6 30.299 25.991 36.055 6 -7.335 -5.412 -39.31

8 -6.1324 -6.692 -8.3847 8 -5.0336 -2.7381 -27.85 8 -22.403 43.583 -30.98 8 22.101 28.344 8.292 8 6.971 4.223 189.55

10 25.6195 15.681 36.8486 10 -23.6945 -26.381 7.268 10 107.515 341.653 105.07 10 -1.021 0.608 -5.857 10 -7.004 -14.115 255.39

12 -33.2974 -37.432 -30.981 12 54.3947 71.8997 -48.516 12 32.714 138.47 44.397 12 57.093 43.057 93.945 12 59.923 64.493 -42.3

15 -47.8036 -56.801 -39.5768 15 47.9038 42.1572 163.608 15 45.361 -17.421 63.121 15 136.317 144.136 119.615 15 18.906 15.179 5282.32

16 -67.7536 -70.771 -65.5333 16 -10.8936 -16.2428 59.224 16 80.775 26.209 126.109 16 44.683 29.803 84.422 16 -15.511 -8.922 -85.28

19 55.7937 115.095 -5.2052 19 -36.655 -38.1768 -31.718 19 -24.606 -78.56 -23.261 19 46.422 44.731 51.77 19 145.087 128.435 783.36

Obs Overall % 

Change

% Change - 

Proliferative

% Change - 

Luminal

Obs Overall % 

Change

% Change - 

Proliferative

% Change - 

Luminal

Obs Overall % 

Change

% Change - 

Proliferative

% Change - 

Luminal

Obs Overall % 

Change

% Change - 

Proliferative

% Change - 

Luminal

Obs Overall % 

Change

% Change - 

Proliferative

% Change - 

Luminal

2 -60.5387 -69.1853 -34.54 2 -25.1084 -27.0728 11.293 2 -2.43 -81.597 30.357 2 -25.1862 -29.9821 -15.4253 2 -38.298 -38.601 31.58

3 3.3467 30.3244 -20.635 3 -12.8986 -12.3187 -19.578 3 -66.245 -69.717 -70.195 3 -31.5683 -21.9594 -44.2267 3 -41.086 -39.78 -88.31

7 -55.0314 -65.7319 -41.08 7 2.3018 -5.388 111.938 7 -0.468 666.08 -11.84 7 -21.3741 -19.6699 -23.5856 7 7.189 -0.891 646.43

9 -47.3875 -48.9597 -44.104 9 16.8458 13.2226 71.251 9 -55.657 -80.772 -61.614 9 -78.7245 -81.4456 -74.8867 9 10.181 17.28 -46.37

11 91.6143 95.7815 72.471 11 54.4186 63.7133 -4.731 11 330.345 -81.681 586.363 11 92.5536 84.7362 99.5917 11 0.874 -0.868 47.71

13 -29.5447 -34.8181 -21.222 13 17.3564 18.2099 7.7 13 -10.493 15.01 -5.55 13 -24.2766 -6.6999 -48.8758 13 167.258 149.688 5056.11

14 -60.1017 -63.148 -57.369 14 -50.7436 -50.9599 -49.352 14 51.342 -65.129 74.403 14 -10.165 -13.3945 -6.0031 14 -17.236 -13.691 -56.24

17 -59.1112 -60.8732 -59.929 17 -8.0107 -9.2899 4.929 17 -6.625 -32.535 -4.955 17 -58.3284 -55.3443 -63.2353 17 16.386 17.399 3.6

18 31.417 -6.0343 127.412 18 -35.2962 -29.0089 -73.746 18 -20.888 25.808 -24.392 18 50.615 51.6526 44.3314 18 -31.923 -27.333 -84.28

Table 5. Percent Changes in Biomarker

Bax
Placebo

Ginger

Bcl-2
Placebo

Ginger

p21
Placebo

Ginger

hTERT Mib-1
Placebo Placebo

Ginger Ginger
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Obs Score - 

overall 

Obs Score - 

overall 

Obs Score - 

overall 

Obs Score - 

overall 

Obs Score - 

overall 

1 -3 1 1 1 -1 1 0 1 -1 -5 -4

4 0 4 -1 4 -1 4 1 4 1 -1 -1

5 -1 5 0 5 0 5 0 5 0 -1 -1

6 0 6 -1 6 -1 6 1 6 0 -1 0

8 0 8 0 8 -1 8 1 8 0 -2 -1

10 1 10 -1 10 3 10 0 10 0 5 5

12 -1 12 2 12 2 12 2 12 2 -3 -3

15 -2 15 2 15 2 15 3 15 1 -5 -3

16 -2 16 0 16 3 16 1 16 -1 0 2

19 2 19 -1 19 -1 19 2 19 3 0 -1

Total -1.3 Total -0.7

Obs Score - 

overall 

Obs Score - 

overall 

Obs Score - 

overall 

Obs Score - 

overall 

Obs Score - 

overall 

2 -2 2 -1 2 0 2 -1 2 -1 0 0

3 0 3 0 3 -2 3 -1 3 -1 -1 -1

7 -2 7 0 7 0 7 -1 7 0 -1 -2

9 -2 9 1 9 -2 9 -3 9 0 -2 -5

11 3 11 2 11 3 11 3 11 0 1 4

13 -1 13 1 13 0 13 -1 13 3 -1 -5

14 -2 14 -2 14 2 14 0 14 -1 2 3

17 -2 17 0 17 0 17 -2 17 1 0 -3

18 1 18 -1 18 -1 18 2 18 -1 -1 2

Total -0.333333333 Total -0.777777778

Table 6. Biomarker Scores

Bax +p21 - Bcl-2 - hTERT Bax +p21 - Bcl-2 - Mib-1

Placebo

Cell Cycle Score (w/Mib-1) 

Cell Cycle Score 

(w/hTERT) 

Cell Cycle Score (w/Mib-1) 

Ginger Ginger

Placebo

Cell Cycle Score 

(w/hTERT) 

Placebo Placebo Placebo PlaceboPlacebo

Bcl-2 p21 hTERT Mib-1Bax

Ginger Ginger Ginger GingerGinger



 

  

 


