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Racial Disparities in 
Prostate & Breast 
Cancer in South Carolina

David P Turner

Racial populations across the United States and around the world suffer disproportionately from cancer and its after-
effects. Overcoming cancer health disparities is one of the best opportunities we have for lessening the burden of 
cancer. Here in South Carolina (SC) mortality rates for African American breast and prostate cancer sufferers are the 

highest in the US. Age-adjusted prostate cancer incidence rates are 78% higher among South Carolinian African American 
men than European American men and mortality rates are three times higher. In SC, breast cancer is the most commonly 
diagnosed cancer among women and although African-American women have a lower incidence rate than white women, 
black women are twice as likely to die of breast cancer due to the development of highly aggressive disease. In a Carolina 
Breast Cancer study of 657 breast cancers patients, the aggressive triple negative phenotype was significantly higher in 
African American than non-African American women (33.9% versus 21.2%, P=0.0003).

While quality of care issues, demographics and socioeconomic status clearly contribute to cancer health disparities, it is 
becoming increasing clear that molecular and genetic differences in tumor biology also play a critical role. The importance 
of biological factors in racial disparity is highlighted in a recent study investigating survival rates in almost 20,000 cancer 
patients treated on 35 Southwest Oncology Group (SWOG) randomized phase III clinical trials. The study confirmed that 
African-American breast and prostate cancer sufferers have higher mortality rates than Caucasians (Table 1) but this study 
was significant from previous studies because associations between race and overall survival were assessed after controlling 
for prognostic, treatment and socioeconomic factors. The results provide the first detailed study that shows that racial 
disparity in breast and prostate cancer mortality figures are due, at least in part, to the inherent genetic, biological and 
molecular characteristics of racial specific tumors.

Cancer Type Patient

number

Hazard Ratio % 10 yr survival

(AA vs all other)

Median survival

(AA vs all other)
Pre-menopausal breast 2360 1.43 p =.006 68 vs 77 not reached
Post-menopausal breast 4316 1.48 p =.001 52 vs 62 10.2 vs 13.5 yrs
Advanced Prostate 1429 1.19  p =.002 6 vs 9 2.2 vs 2.7 yrs

 
Table 1. African-American (AA) breast and prostate cancer sufferers have higher mortality rates than Caucasians
Sparse information exists about the genetic and biological factors that contribute to differential cancer survival rates 
observed in race specific backgrounds. A greater understanding of these biological factors is critical for addressing the 
increased cancer mortality observed in racial groups: cancer incidence in minorities is predicted to double in the next 20 
years compared to a little over 30% among European Americans. 
A possible molecular mechanism which this laboratory believes may promote cancer disparity is the increased presence 
of advanced glycated end-products (AGE’s). The dietary carbohydrates fructose and glucose are metabolized by specific 
biochemical pathways to produce essential metabolites that are required for metabolism. 
These essential metabolites produce carbohydrate intermediates which are prone to 
generate reactive carbonyl species (RCS’s). RCS’s react with macromolecules such 
as proteins, lipids and DNA to produce AGE’s in a process known as glycation. The 
expression of a protein-AGE was first linked to a disease phenotype through the 
identification of a hemoglobin adduct found in diabetes patients and has now been 
developed as a clinical biomarker for diabetes diagnosis and treatment. While AGE’s 
are best studied for their role in diabetes, they are also proposed to play a critical role 
in aging and neurodegenerative disease but their role in promoting cancer is unclear. 
Elevated glucose up-take, increased glycolysis, oxidative stress and intracellular free 
radical activity are cancer-associated processes that are known to increase glycation 
and circulating AGE levels. Glycation adducts in cell lines have been demonstrated to 
produce multi-base deletions, base pair substitutions, tandem mutations and base-pair 
additions/deletions which impair genetic fidelity to promote tumorigenesis. 

Dr. David P. Turner
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Racial Disparities in Prostate & Breast Cancer (cont.)

Racial specific differences in AGE levels are hypothesized 
because there is a direct correlation between ingested and 

circulating AGE levels, oxidative stress and glycation induced 
DNA mutations which provide a mechanistic link between dietary 
carbohydrates and cancer. Obese men are twice as likely to die of 
prostate cancer over lean men and due to low income eating habits, 
AGE content in the Western Diet has consistently increased over 
the last 50 years. This is racially significant as a larger proportion of 
South Carolinian African Americans (76%) are overweight when 
compared to European Americans (63%) (Behavior Risk Factor 
Surveillance System, 2007) and poverty rates in South Carolinian 
AA’s are lower than the national average (14% compared to 12%). 
This provides a compelling rationale for examining glycation and 
AGE levels as a mechanism promoting racial disparity in prostate 
cancer in this state.

The above rationale forms the basis for a pilot research project to 
be included in an NIH P20 grant application led by Dr Marvella 
Ford (MUSC) and Dr Judith Salley (SC State University). The 
application to be re-submitted later this month aims to develop a 
SC Disparities Research Center in Prostate and Breast Cancer. This 
four-year proposal represents a collaborative partnership between 
South Carolina State University and the Medical University 
of South Carolina (MUSC) to form the South Carolina Cancer 
Disparities Research Center in Prostate and Breast Cancer (“SC 
CaDRe”). The SC CaDRe was designed, and the pilot research 
project chosen, by investigators at SC State University and MUSC 
with strong input from a Community Advisory Committee. The 

goals of the SC CaDRe are to create a group of well trained 
and experienced researchers at SC State University and MUSC 
focusing on cancer disparities research, and to enhance the racial 
and ethnic diversity of scientists who choose cancer research 
careers in basic, clinical, and population science. 

The central hypothesis of the pilot study is that race specific 
differences in DNA glycation correlate with health disparities 
in prostate cancer. The study proposes to identify and measure 
dNTP-AGE levels and to analyze the expression and functional 
activity of anti-glycation repair proteins in a cohort of blood 
and tissue samples from three racial groups in SC: 1) South 
Carolinian Sea Island African American, 2) non South Carolinian 
Sea Island African American and 3) European American prostate 
cancer patients. The African American population in SC is an 
underserved population in terms of health care. A unique feature 
of this population is that many belong to the “Gullah community” 
which populates the Sea Islands bordering SC.  Due to historical 
geographic and cultural isolation, they represent an almost pure 
African population (admixture less than 3.5%) providing an ideal 
population for the study of genetics, biomarkers and epidemiology 
that may provide insight into the prevailing cancer disparity 
mortality statistics found not only in SC but in the U.S. The study 
is expected to provide novel insight into racial specific cancer 
associated AGE expression levels and overall AGE repair capacity 
during prostate cancer progression. This would provide an initial 
assessment of the glycation process in promoting racial disparity 
in prostate cancer and allow the development of future individual 
and collaborative grant applications targeted at the development of 
novel strategies for the racial specific treatment of cancer.

The Division of Research has had a productive time from January through March.  Eight grant proposals were submitted requesting 
$1,393,786 in total first year costs.  Also, during this period six grants were awarded totaling $699,577 over a one-year period (see 
table below).  Congratulations and many thanks to everyone involved in obtaining these awards.

Principal Investigator		  Title and Sponsor					     Award Date/Amount 

Singh, Avtar			   AMP Kinase Activity in Stroke Injury 				    1/1/11
				    (VA Merit Grant)						      $125,000
			 
Dammai, Vincent		  Cellular Factors Promoting Renal Cell 				    2/1/11
				    Carcinoma							       $249,660

LaRue, Amanda			  Hematopoietic Stem Cell-Derived Carcinoma			   2/1/11
				    Associated Fibroblasts in Tumors				    $261,449	

Francis, Shimon		  Celestrol as a Co-Therapy for Inhibition of Aminoglycoside-	 2/7/11
				    Induced Ototoxicity						      $19,184

Lang, Hainan			   Proteomic Analysis of Degenerated Auditory Nerve		  2/8/11
				    (SCTR voucher pilot program)					     $1,000

Spyropoulos, Demetri		  Developmental Transcription Factors in Prostate Cancer		  3/1/11
				    (Emory Sub-Award)						      $13,284

											           TOTAL = $669,577
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 Hematopoietic Stem Cells Ex Vivo Expansion

By: Yong Wang, M.D., Ph.D., Assistant Professor

Hematopoietic stem cells (HSCs) possess the unique 
capacity to self-renew and give rise to all the mature 

cells within the blood and immune systems. Thus, HSCs are 
essential for replenishing dead and aged blood and immune 
cells and maintaining homeostasis of the hematolymphoid 
system. HSC transplantation has been widely used for 
the treatment of a variety of human diseases including 
hematopoietic and non-hematopoietic malignancies, but 
also has potential important applications in cell and tissue 
bioengineering, regenerative medicine and gene therapy 
research. It is well established that a minimum number of 
long-term repopulating HSCs is required to ensure durable 
engraftment after transplantation, thus both the number 
and quality of HSCs are critical to the success of HSC 
transplantation therapy. Since it is difficult to obtain large 
numbers of HSCs, HSC expansion is an important approach 
to enhancing the success of donor engraftment in clinical 
transplantation therapy and to facilitate basic stem cell 
research. 

Dr. Wang in his laboratory

Numerous strategies for the expansion of HSCs have been 
reported using various combinations of hematopoietic 
growth factors such as stem cell factor (SCF, or c-kit ligand), 
thrombopoietin (TPO, or c-pml ligand), Flt-3 ligand, and 
interleukin-11 (IL-11). It has been shown that TPO as a single 
growth factor supports survival and modest proliferation of 
highly purified HSCs in vitro. However, addition of these 
growth factors into the culture system only leads to limited 
(less than 5-fold) HSC expansion. Transduction of HoxB4 
or HoxA9 genes into HSCs significantly enhances self-
renewal and ex vivo expansion, but genetically manipulation 
of HSCs raises safety concerns for clinical applications. 
Although several new cytokines (e.g., Notch ligands, Wnt3a, 

angiopoietin-like proteins, pleiotrophin, and prostaglandin 
E2) have been shown recently to promote HSC self-
renewal and ex vivo expansion, the present ex vivo culture 
conditions using a combination of various hematopoietic 
growth factors/cytokines only modestly expand HSCs. Also, 
this technique often results in significant loss of long-term 
repopulating capacity of expanded HSCs. Therefore, new 
approaches to improve HSC ex vivo expansion are needed.

The use of umbilical cord blood (CB) as a source of HSCs 
for transplantation therapy is rapidly expanding, particularly 
for the treatment of acute myeloid leukemia (AML). CB 
HSCs hold many advantages over BM-derive HSCs such as 
the use of simple procedures for cell processing and lower 
risk of graft-versus-host disease (GVHD). However, CB-
derived HSCs are of limited use in adults because the number 
of HSCs available in CB is not sufficient for transplant; 
thus, ex vivo expansion of HSCs is needed to bridge this 
gap in availability. Delayed myeloid engraftment after 
CB transplantation (CBT) is thought to be a consequence 
of inadequate numbers of HSCs/HPCs in the graft and is 
associated with increased early transplant-related mortality. 
Therefore, new culture strategies to augment the expansion 
of CB HSCs will markedly benefit CBT and stem cell-based 
gene therapy. Unfortunately, previous attempts at ex vivo 
expansion of CB HSCs have resulted in a progressive loss 
of long-term repopulating cells with few significant clinical 
effects. To address this issue, our laboratory is investigating 
the signaling pathways that are involved in modulating HSC 
self-renewal and ex vivo expansion, with a long-term goal of 
developing a novel strategy for CB HSC expansion. 

Activation of p38 mitogen-activated protein kinase (p38 
MAPK, or p38) has been implicated in the pathogenesis 
of a variety of hematopoietic disorders, including Franconi 
anemia (FA) and myelodysplastic syndromes (MDS). 
Furthermore, oxidative stress, mutation of ATM, loss of 
FoxO3 and serial transplantation all activate p38 MAPK 
through up-regulation of reactive oxygen species (ROS) and 
lead to premature exhaustion of HSCs. These studies suggest 
that activation of the ROS-p38 pathway may negatively 
affect HSC self-renewal and expansion. Interestingly, 
inhibition of p38 has been shown to improve the function 
of HSCs and hematopoietic progenitor cells (HPCs) in FA 
and MDS patients and to rescue p38 activation-mediated 
premature exhaustion of HSCs in FoxO3 knockout mice. 
However, the role of the ROS-p38 MAPK pathway in 
the regulation of human HSC self-renewal and ex vivo 
expansion is unclear. We recently found that inhibition of p38 
significantly promotes murine HSC expansion and increases 
the numbers of cobblestone area-forming cells (CAFCs) in 
ex vivo culture of sorted mouse Lin-Sca1+c-Kit+ (LSK) 
cells. Moreover, LSK cells expanded in the presence of 
p38 specific inhibitor (SB203580) exhibit markedly higher 
levels of donor-derived engraftment in recipient mice as 
determined by completive repopulation assay (Wang Y, et 
al. Stem Cell Dev 2011). These novel findings suggest that 
inhibition of the ROS-p38 pathway may represent a novel 
approach to enhance ex vivo expansion of HSCs. Ongoing 
work in the lab is currently focused on validating whether 
targeted inhibition of the ROS-p38 pathway enhances CB 
HSC ex vivo expansion using a stem cell serum-free culture 
system, immunophenotypic flow cytometry analysis and a 
NOD/SCID mouse repopulation cell assay. 
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Stem Cell Research 
Offers Hope 
for Hearing Loss 

Hainan Lang, M.D., Ph.D., 
Assistant Professor

Research Projects on Cochlear Stem Cells:

Approximately 278 million people worldwide are 
affected with hearing loss, according to a recent report 
from the World Health Organization (http://www.

who.int).  In the US, an estimated 17 % of adults, or about 36 
million Americans report some degree of hearing loss.  For 
the majority of individuals, hearing deficits result from the 
loss or degeneration of cochlear cells, including sensory hair 
cells, spiral ganglion neurons and cells in the stria vascularis 
and spiral ligament.  My training as an otolaryngologist with 
a background in clinical otology and 18 years of experience 
in auditory neuroscience research has directed my research 
efforts to rescue, regenerate or replace lost or degenerated 
cochlear cells using a variety of stem cell resources such as 
bone marrow (BM) stem cells, neural stem cells (NSCs), and 
stem cells isolated from adult inner ears.  The long-term goal 
of my research is to seek efficient therapeutic strategies for 
hearing loss.

BM stem cells have the potential to differentiate into multiple 
non-hematopoietic cell lineages including fibroblasts/
myofibroblasts in a number of tissues and organs such as kidney, 
heart, liver and brain.  Our studies are the first to document that 
some non-sensory cells in the cochlea of the adult mouse are 
continually derived from BM stem cells.  Moreover, we have 
found an increase in BM derived cells present in the cochlea 
after ototoxic drug exposure.  In research studies with Drs. 
Bradley Schulte, Judy Dubno, Makio Ogawa and Amanda 
LaRue, we are investigating the potential of human BM stem 
cells to differentiate into specific non-sensory cells in young 
and aging ears using a humanized mouse model.  This study will 
help further the understanding of how BM stem cells contribute 
to cellular homeostasis in the human inner ear and will provide 
the intellectual foundation needed to design treatments for 
hearing loss, especially age-related hearing loss.

The transplantation of NSCs to facilitate regeneration and 
repair of neural tissues offers a promising therapeutic strategy 
for treatment of neurodegenerative disorders including 
auditory nerve degeneration.  However, evidence from 
neurodegenerative disease animal models indicates that the 
time window for successful transplantation of NSCs after 
injury is narrow and that long-term survival of NSCs in the 
chronically injured host environment is limited.  Using a well-
established mouse model of auditory nerve degeneration, we 
are investigating the role of the host microenvironment with a 
focus on endogenous glial cells, in regulating the survival and 
differentiation of transplanted NSCs and stem cells isolated 
from adult inner ears.  These experiments will reveal the critical 
role glial cells play in stem cell transplants and will impact the 
design of efficient therapies for hearing loss using glial cells as 
targets.

The Department of Pathology and Laboratory Medicine offers a 
highly collaborative research environment.  The establishment 
and growth of our research team is indebted to the support of 
the Department and long-term collaborations with Dr. Bradley 
Schulte, and Drs. Richard Schmiedt and Judy Dubno from 
the Department of Otolaryngology.  Recently, we embarked 
on an exciting project in collaboration with Dr. Su-hua Sha, 
an auditory neuroscientist and a new faculty member in the 
Department.  In this project, we will study endocochlear 
potential changes and hair cell degeneration using a mouse 
model of TNFα gene mutation.  	

One of our recent publica-
tions, “Sox2 Up-regulation 
and Glial Cell Proliferation 
Following Degeneration of 
Spiral Ganglion Neurons 
in the Adult Mouse Inner 
Ear” (Lang et al., J As-
soc Res Otolaryngol, 2011 
Vol:12 (2), 151-171; Cover 
image), has been selected 
and evaluated by a Mem-
ber of the Faculty of 1000 
(F1000), which places our 
work in this library of the 
top 2% of published ar-
ticles in biology and medi-
cine. 

“The finding of this paper that upregulation of Sox2 and 
S-phase label uptake after drug-induced spiral ganglia 
loss in an adult animal is very interesting, and opens up 
new questions about what these glial-like cells are and 
their significance…It would be interesting to study the 
significance of these Sox2-positive cells, since no neuron 
regeneration is reported, but Sox2 can also function to 
direct prosensory specification and induce neuronal cell 
fate during development .” 
-- Anthony Ricci, Professor of Otolaryngology - Head and 
Neck Surgery, and Molecular and Cellular Physiology at 
Stanford University. 

Lang et al., 2011; Cover image

   Research Specialist Nancy Smythe



12

Collaborators on Current Projects:
MUSC: Drs. Bradley Schulte, Makio Ogawa and Amanda LaRue (Pathology and Laboratory Medicine); Drs. Richard 
Schmiedt, Judy Dubno, and Mark Eckert (Otolaryngology-Head and Neck Surgery); Dr. Yiannis Koutalos (Ophthalmology); 
Dr. Edward Krug (Regenerative Medicine & Cell Biology); Dr. John Baatz (Pediatrics); and Dr. Saeid Taheri (Radiology).

Other Institutions: Donna Fekete (Professor of Developmental Biology, Purdue University); Karen Steel (Professor of 
Genetics at Welcome Trust Sanger Institute, UK; Fellow of the Academy of Medical Sciences, UK); Karen Avraham (Chair 
of the Department of Human Molecular Genetics at Tel Aviv University, Israel; Past Present of the Association for Research in 
Otolaryngology); Xuezhong Liu (Associate Professor of Otolaryngology, and Human Genetics and Pediatrics at University of 
Miami); Robin Davis (Professor of Cell Biology & Neuroscience, Rutgers University); Fred Gage (Professor of Genetics at the 
Salk Institute; Past President of Society for Neuroscience and the Member of National Academy of Sciences).

Current Funded Projects:
PI Lang: NIH P50 DC00422 “Human Hematopoietic Stem Cells and the Aging Inner Ear”.

PI Schulte: R01DC00713 “Inner Ear Ion Transport Mechanisms”

Pending and Planned Grant Applications: 
NIH NIDCD R01 DC012058 “Auditory Nerve Degeneration and Repair” (pending).

RNID International Grant “Rescuing a Congenital Form of Progressive Hearing Loss in Mice Using Viral Gene Transfer of a 
microRNA” (pending).

NIH NIDCD “Exploring the Ability of  Cochlear Specific microRNAs to Regenerate Hair Cells in a Mouse Model of 
Sensorineural Hearing Loss” (planned).

Stem Cell Research Offers Hope for Hearing Loss (cont.)

Research team members and friends spent a happy-hour at 
the City Marina Restaurant

Research Specialist Juhong Zhu


