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AT THE BENCH



From the Director’s Chair
 Welcome to !e University of Kansas Cancer Center’s inaugural research highlights report. 
As its name implies, At !e Bench is meant to provide readers with a bird’s-eye view of new and 
noteworthy observations from our basic science deck. Our research faculty may seldom interact 
directly with patients, but their contributions are equally important in bridging the chasm 
between cancer’s many faces – some as yet unrevealed – and what we currently understand of 
these multi-faceted malignancies. 
 At KU Cancer Center, our faculty grants and contracts are coalesced around four research 
programs: Cancer Biology; Cancer Prevention; Cancer Control and Population Health; 
and Drug Discovery, Delivery and Experimental !erapeutics. In this publication of At !e 
Bench, colon cancer occupies the spotlight: researchers Shrikant Anant, Kristi Neufeld, Dan 
Dixon and Shahid Umar are studying this disease from di"erent perspectives and, together, 
fostering vibrant science. We are also excited about ongoing studies from the laboratory 
of Danny Welch that implicate – for the first time – mitochondrial DNA in the puzzle of 
predisposition toward the likes of cardiovascular disease and metastatic cancer.  
 Since becoming the 67th cancer center nationwide to earn National Cancer Institute 
designation in 2012, we have recruited a number of outstanding new investigators, continued 
to expand our e"orts in drug discovery and development, and completed our strategic planning 
process. Our goals for the year ahead include strengthening translational research through 
further strategic recruiting, expanding philanthropic support and decreasing the incidence and 
impact of cancer throughout the region by working with our state government and a broad 
coalition of advocacy organizations. 
 No report of our accomplishments, in basic research or otherwise, would be complete 
without acknowledging the support we already enjoy, which even the NCI site visit team and 
subsequent report noted as “truly extraordinary.” We are extremely grateful for the strong and 
sustained advocacy we have received from !e University of Kansas, the state of Kansas, the 
citizens of Johnson County, the Kansas Masonic Foundation, the Hall Family Foundation, the 
Kansas Bioscience Authority and hundreds more donors across the country.
 When it comes to cancer, there is always talk about finding better therapies – but first, 
we need a road map of the molecular and mechanistic details that comprise this complex foe. 
!ese stories in At !e Bench illustrate the critical nature of basic research in getting us there 
and are, we hope, the first of many more to come. 

Roy A. Jensen, M.D.
Director, !e University of Kansas Cancer Center
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  For Danny Welch, Ph.D., of Cancer Biology, research has long been all about metastasis – understanding why 
some tumors are sneakier than others in invading new areas of the body. More recently, however, another “M” word has 
significantly occupied his attention: mitochondria, those miniscule structures that fuel cellular function. Serendipitously, 
some of the latest findings from Welch and his crew suggest that both metastasis and mitochondria are linked in more 
ways than one.   

  In August 2013, Welch and Scott Ballinger, Ph.D., a colleague at the University of Alabama at Birmingham, 
co-authored a publication in Biochemical Journal showing for the first time that the diminutive mitochondrial genome, entirely separate from 
the rest of a cell’s DNA and with a strictly maternal inheritance pattern, might well have a not-so-tiny role in predisposition toward heart 
disease and metastatic cancer. !e collaboration between Welch and Ballinger first took root in data from Kent Hunter, Ph.D., of the National 
Cancer Institute. Having mated a male mouse carrying a breast tumor oncogene with 60 di"erent strains of female mice, Hunter was trying to 
figure out why some of the crossbred o"spring were highly prone to metastasis, while in others, the tendency for their induced breast tumors 
to spread to the lungs was almost completely stifled. 
 “Scott and I had a series of hallway conversations and, along the way, two things occurred to us,” Welch says. “!e first was a fact I hadn’t 
thought about in awhile – that mitochondrial DNA is maternally inherited. !e second was that Kent’s observations came from breeding 
one male mouse with many di"erent females. Could the next generation’s varying likelihood of metastasis have come from Mom, through  
the mitochondria?”

ILLUMINATING METASTASIS: MOM’S THE WORD  To probe their hunch, Welch and Ballinger developed 
mitochondrial-nuclear exchange (MNX), a method that allows 
researchers to determine whether a given trait tracks with the 
nucleus or the mitochondria. Because Ballinger’s primary research 
interest is in heart disease risk – and he had already been wondering 
if mitochondrial DNA could be a plausible culprit here – they 
began by engineering MNX mice with interchanged nuclear and 
mitochondrial genomes from two strains: C57BL/6, which is 
prone to heart disease; and C3H, which is resistant. !ey then 
exposed the mice to various forms of cardiac stress. 
 “We found that MNX mice with C57BL/6 nuclear DNA 
and a C3H mitochondrial background had di"erent energy 
metabolism; they were also much less sensitive to conditions 
capable of inducing heart failure,” Welch says. MNX mice 
created through the opposite exchange, meanwhile, proved 
more vulnerable to heart failure. !e researchers speculate that 
cytochrome oxidase III, a mitochondrial protein central to energy 
metabolism – which they’ve found di"ers by a single-base DNA 
tweak in both mouse strains – could be involved, with this minute 
change possibly altering COIII’s shape and activity. 
 Interestingly, C57 mice are far less susceptible to metastatic 
cancer, even while being prone to heart trouble. So Welch and 
Ballinger have been tinkering with other MNX mice in additional 
experiments. !ese bear the breast tumor oncogene à la Kent 
Hunter’s research alongside either the C57 mitochondrial genome 
or mitochondrial DNA from a mouse strain prone to metastasis. 
Preliminary evidence indicates a reduced metastatic burden, or 
total tumor mass, in MNX mice with the C57 mitochondrial 
genome, and further research is underway.
 “I think we’re learning that instead of unidirectional 
signaling from the nucleus to the rest of the cell, there’s a 
language of communication involving the mitochondria that 
hasn’t been fully appreciated,” Welch says. “It comes down to 
a change in perspective – no longer should anyone trying to do 
so-called precision medicine draw conclusions based solely on 
nuclear DNA.”
 A second publication from Welch’s crew, in an upcoming issue 
of Cancer Research, illuminates another way in which mitochondria 
and metastasis may be linked: through the relationship between 
KiSS1, a key metastasis suppressor originally discovered by 
Welch in 1996, and PGC1α, a protein and master regulator of 
mitochondrial biogenesis, or production of these energy factories 
in cells.
 KiSS1, Welch explains, promotes the expression of PGC1α, 
leading to more mitochondria along with greater utility of the 
oxygen-consuming route preferred by normal cells in generating 
energy. Removing PGC1α from the picture not only reduced 
mitochondrial numbers, the researchers observed, it also ramped 
up the Warburg e"ect – energy metabolism via a di"erent pathway 
producing lactic acid, preferred by cancer cells – and e"ectively 
quashed KiSS1’s function in suppressing metastasis. 
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 Basically, it appears that KiSS1’s ability to keep a lid on tumor 
invasion involves, at least partially, its role in regulating mitochondria 
through PGC1α. It’s the first time such a direct relationship between 
metastasis suppression and metabolism has been established. But just 
how this relates – if at all – to the implication of mitochondrial DNA 
in a person’s susceptibility to the likes of heart disease and metastasis 
remains unclear. 
 “Right now, these are simply two separate observations of the 
potential importance of mitochondria – both genome and function – in 
influencing the spread of cancer,” Welch says. “But it could lead to a new 
subfield of research, with scientists taking a much closer look at where 
mitochondria and the likelihood of metastasis might intersect.”

Molecular Maya-modeled landscape depicting a single mitochondrion colored light brown (left half of image). Credit: Cell Signaling Technology®. 
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SAID THE TUMOR TO ITS NEIGHBOR: 
“YOU’VE GOT MAIL”

 An early clue surfaced when Godwin and his laboratory 
group observed that mutated c-KIT, a gene central to GIST 
development, counts among the components of tumor-derived 
exosomes. !e researchers began looking at whether exosomes 
bearing oncogenic c-KIT might influence interactions between 
GIST cells and the surrounding support structure of stromal 
cells that eventually caves before the tumor’s outward spread. 
“We’ve seen normal stromal cells, in taking up these exosomes, 
get converted into GIST cells; they express similar proteins and 
induce many of the same signaling pathways,” Godwin says. It’s 
akin to drinking Polyjuice Potion (which allows a person to assume 
a di"erent form) in the magical world of Harry Potter – except in 
the case of GIST-derived exosomes, it’s not fiction.  
 “Tumor cells also actively release higher numbers of 
exosomes, and we’ve found that normal recipient cells end up 
copying this maneuver, so there’s a snowball e"ect,” Godwin 
observes. “It’s another means for metastasis, at least locally. !ese 
exosomes are somehow able to modify other cells in the tumor 
microenvironment, which stimulates the production of additional 
factors that allow the host tumor cells to keep promoting 
themselves through growth and invasion.”
 While exosomes are di#cult to detect in biological fluids, 
Godwin and his crew are concurrently trying to utilize tumor 
productivity – in terms of active exosome release – as a potential 
way to track disease early on. “Exosomes are nature’s way of 
compacting an enrichment of biomarkers, and in tumors, there’s 
natural amplification of the signal to make detection easier,” he 
explains. “We just need to figure out how to separate all that 
cargo in the carrier, so we’re able to closely analyze the di"erent 
components.”
 !e researchers are fine-tuning a diagnostic tool for this 
purpose, harnessing the power of microfluidics, a technology 
inspired by integrated semiconductor electronics and developed in 
the 1990s. Essentially, it allows precise manipulation of minuscule 
volumes of fluids and tiny objects – in this instance, blood and 
exosomes – analogous to moving electrons in integrated circuits. 
Godwin and his group have developed microfluidic platforms 
to capture and analyze tumor-derived exosomes, starting with 
non-small cell lung cancer. “Basically, it’s a lab-on-a-chip device 
that goes beyond detecting exosomes to profiling the biomarkers 
within,” he says. “!ink of it as a non-invasive liquid biopsy that 
would require mere microliters of blood from patients. Besides 
early detection, it could be used to monitor disease during 
treatment. For instance, by isolating exosomes and measuring 
their contents, we could see if the levels of specific proteins are 
dropping in response to targeted therapy.” 
 In December 2012, Godwin was awarded a grant from the 
Mary Kay Foundation to characterize new and more reliable 
biomarkers in ovarian cancer, also using microfluidics. Between 
the likely involvement of exosomes in ovarian cancer and the fact 
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that current clinical tests for one biomarker, CA-125, have proven less 
than e"ective (it can be elevated by conditions other than cancer), there 
are good reasons for the foundation’s keen interest in what Godwin’s 
research brings to the table. 
 “Ours is a broad-range lab; we cover a range of investigations 
from genetic risk factors and cancer therapeutics to molecular profiling 
and even drug repurposing,” he says. “So we’re very much bench-to-
bedside, in terms of actually taking discoveries into clinical trials. It’s 
early days yet, but we hope to do the same with what we learn about 
exosomes in non-small cell lung cancer, GIST and ovarian cancer.”

 Cells have their own miniaturized postal service in the shape of vesicles, or tiny bubbles through which molecules 
crucial for biological processes like communication and food intake are sorted, packaged and delivered. Outside of the 
2013 Nobel Prize in Medicine going to the discoverers of this highly organized transport system, scientific interest in 
a particular group of vesicles called exosomes has accelerated over the last several years. Andrew K. Godwin, Ph.D., of 
Drug Discovery, Delivery and Experimental !erapeutics, is among the researchers studying the potential clinical 
applications of these specialized structures.

 Exosomes are found in blood, urine and many other biological fluids, with contents that, while varied according to the cells from which 
they bud o", generally comprise proteins, DNA and assorted RNA molecules. !e latter include messenger RNA, or transcripts dictating 
protein production; and microRNAs, short strings of bases that help regulate gene expression. Typically no more than 100 nanometers in size, 
these vesicles may be minute – about one-thousandth of a human hair’s average width – but they pack a punch.
 Until recently, scant attention was paid to the existence of exosomes derived from tumor cells, much less any nefarious purposes they 
might harbor. Godwin, long interested in the biology underlying gastrointestinal stromal tumors (GISTs), decided to find out what exosomes 
might be up to in this malignant environment. Once metastasized, GISTs – which hail from interstitial cells of Cajal, normally involved in 
smooth muscle contraction along the digestive tract – are di#cult to treat. !e drug Gleevec may work well for the majority of these patients, 
but a relapse is more common than not, and about 15 percent don’t respond the first time around.

Electron microscopy image (magnification: 45,000X) showing immunopurified exosomes in the center, surrounded by larger microvesicles. Courtesy of Safinur Atay 
and Andrew Godwin. 
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Subramaniam D, Ramalingam S, Houchen CW, Anant S, “Cancer 
stem cells: a novel paradigm for cancer prevention and treatment.” 
Mini Rev Med Chem (May 2010). 

May R, Sureban SM, Hoang N, Riehl TE, Lightfoot 
SA, Ramanujam R, Wyche JH, Anant S, Houchen CW, 
“Doublecortin and CaM kinase-like-1 and leucine-rich-repeat-
containing G-protein-coupled receptor mark quiescent and 
cycling intestinal stem cells, respectively.” Stem Cells  
(Oct 2009). 

Subramaniam D, Giridharan P, Murmu N, Shankarnarayanan 
NP, May R, Houchen CW, Ramanujam RP, Balakrishnan A, 
Vishwakarma RA and Anant S, “Activation of apoptosis by 
1-hydroxy-5, 7-dimethoxy-2-napthaelene-carboxaldehyde, a 
novel compound from Aegle marmelos.” Cancer Research  
(Oct 2008). 

COLON CANCER THERAPEUTICS: 
NATURE WEDS CHEMISTRY 

marmelin would be a good candidate here.” Others in this 
category include curcumin, the active ingredient of turmeric; and 
thymoquinone, from black cumin seeds. Any one compound’s 
medicinal uses represent ongoing evolution over thousands 
of years: what Padhye describes as its “genealogical pathway.” 
Staying one jump ahead of evolution, he and others of his ilk 
have sped up the process by first predicting these genealogical 
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 Several years ago, Shrikant Anant, 
Ph.D., of Cancer Prevention, had just 
isolated the active ingredient from stone 
apple juice – an Ayurvedic remedy for 
irritable bowel syndrome – when, somewhat 
serendipitously, he observed firsthand its 
ability to kill assorted cancer cells cultured 

in the laboratory. Not knowing the mechanistic details involved,  
he decided that said ingredient’s modus operandi was worth a  
closer look. 
 Stone apples hail from the Bael tree, an aromatic gum species 
native to India, and are among many natural compounds Anant has 
devoted one level of his research niche to investigating for anticancer 
activity. He renamed this intriguing ingredient “marmelin” after 
the tree species’ scientific handle, Aegle marmelos; it was otherwise 
known as HDNC, the shortened form of its unwieldy chemical 
identification. !en on faculty at the University of Oklahoma, 
Anant proceeded to figure out how marmelin extinguishes cancer 
cells, reporting in the October 2008 issue of Cancer Research that it 
triggers apoptosis – a form of programmed cell death necessary for 
regulating normal tissue development, and one that cancer cells 
often evade – by activating the inflammatory signaling molecule 
TNF-α	
�    and its receptor protein, TNFR1. 
 Separate probing of his research niche’s second level – 
cancer stem cells, a small group thought to play critical roles in 
maintaining or forming new tumors – had led Anant to jointly 
discover with his Oklahoma colleague Courtney Houchen, M.D., 
that DCLK-1, a member of the kinase family and first identified in 
the brain, is also a “fingerprint” that marks cancer stem cells in the 
colon. Knocking down the gene for DCLK-1 in colon cancer cells 
completely suppressed tumor development when those cells were 
grafted in mice. !e game was on to find some non-laboratory 
means of suppressing DCLK-1, preferably via a specific molecule 
or compound. 
 Anant and his research group, notably protégés Dharmalingam 
Subramaniam, Ph.D., and Deep Kwatra, Ph.D., began closely 
examining DCLK-1’s enzyme structure, and it was then that two 
previously independent findings dovetailed: marmelin appeared 
to be a good fit for blocking DCLK-1’s catalytic “pocket,” or 
substrate binding site. But the compound itself failed to halt 
DCLK-1’s activity, so the researchers turned to Subhash Padhye, 
Ph.D., a medicinal chemist at the University of Pune in India, for 
help. 
 “Some natural compounds have what are called “privileged 
structures,” or the potential to act as sca"olds that can be modified 
to possess specific drug properties,” Anant says. “We figured 
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moves in compounds of interest, then altering their structures 
accordingly. After subjecting marmelin – itself the product of 
seven alterations by Mother Nature, spanning some 210,000 
years – to this guessing-game treatment, several new possibilities 
emerged for Anant and his group to pit against DCLK-1. 
 The researchers proceeded to combine DCLK-1 and its 
substrate, glycogen synthase peptide, with these iterations of 
marmelin and the energy needed (ATP molecules) for a catalytic 
reaction. Avoiding radioactively-labeled ATP as a readout, 
they instead added luciferin – a light-emitting compound 
in bioluminescent organisms – and its enzyme, luciferase, 
to the mix toward the end. Normally, DCLK-1 acting on its 
substrate chews up energy, leaving little for luciferase’s use and a 
corresponding drop in light. Under these conditions, muzzling 
DCLK-1 with a competitive inhibitor should produce a net 
effect of increased light; Anant found that this was indeed the 
case with a particular adaptation of marmelin, abbreviated as 
THB, from Padhye’s laboratory. 
 Anant and his group then put THB through its paces in 
assorted proof-of-principle studies, noting that it halts the 
proliferation of colon cancer cells cultured in a microenvironment 
closely reminiscent of their normal milieu, and reduces total 

tumor mass in mice. Importantly, it also blocks the growth of 
colon cancer stem cells, which are readily visible to the naked eye 
as round pinhead-sized clumps, or spheroids, in the laboratory. 
The researchers showed that THB gags unruly signaling manned 
by the protein Notch, which dysfunctional molecular babble 
otherwise drives tumor resilience and progression. They also 
found that THB stifles another protein, PXR, which is often 
inadvertently switched on by chemotherapy agents and helps 
promotes drug resistance. 
 Buoyed by these encouraging observations, Anant has just 
secured RO1 funding from the National Cancer Institute to carry 
out preclinical animal studies on both this marmelin derivative and 
THB conjugated to cyclodextrin, a sugar compound that renders 
it water-soluble. Scott Weir, Ph.D., of Drug Discovery, Delivery 
and Experimental !erapeutics, is on board as co-principal 
investigator to oversee the pharmacological aspects of these studies 
– determining the appropriate dose, route of administration and 
potential side e"ects, among other details. Within the next five years 
or so, barring unforeseen complications, Anant and his crew hope 
to amass enough solid data to warrant an early phase clinical trial 
in colon cancer: essentially, nudging marmelin that much further 
along its bench-to-bedside journey. 

Close-up of a single stone apple. Credit: Wikipedia.

Chemical structure of marmelin. Courtesy of Shrikant Anant.
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Chandrakesan P, Ahmed I, Chinthalapally A, Singh P, Awasthi 
S, Anant S, Umar S, “Distinct compartmentalization of Nuclear 
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precede and accompany hyperplasia and/or colitis following 
bacterial infection,” Infection and Immunity (Feb 2012). 

Ahmed I, Chandrakesan P, Tawfik O, Xia L, Anant S, Umar 
S, “Critical roles of Notch and Wnt/β-catenin pathways in the 
regulation of hyperplasia and/or colitis in response to bacterial 
infection,” Infection and Immunity (Sept 2012). 

KEEPING COLON CANCER AT BAY: GUT FEELINGS

in conveyor belt fashion toward the top, where they secrete mucin 
before getting sloughed o". Mucin’s sugar components provide 
much-needed fuel for gut bacteria, which are distributed all over 
the colon’s lumen, or interior space. It also forms a protective 
mucus layer in which these bacteria are suspended and thereby 
barred from interacting directly with gut cells or entering the 
bloodstream. 
 !is turnover of goblet cells, with mucin as a byproduct, 
takes approximately five days and requires its own fuel in the form 
of butyrate, a short-chain fatty acid generated by gut bacteria as 
they feed on dietary fiber. Diets high in fat and red meat with little 
to no fibrous intake eventually rob a person of butyrate, a"ecting 
not only a variety of metabolic processes like energy production 
and cell proliferation, but also the colon’s ability to counteract 
inflammation. 
 Colon cancer’s sporadic form, which comprises about 
80 percent of cases and is often pinpointed to lifestyle factors, 
including poor dietary habits, is very rare among Africans. But 
the odds aren’t similarly favorable for African Americans, who are 
at much greater risk of getting and dying from this disease than 
Caucasians. Umar’s hunch is that levels of beneficial short-chain 
fatty acids like butyrate are di"erent – likely lower – in African 
Americans, compared to the rest of their ethnicity. By studying 
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  !e average person is made up of many 
cells: 10 trillion or thereabouts. But given 
that the multitude of microbes living on and 
within us add roughly 100 trillion more cells 
to the mix, we are – by one measure, at least 
– only 10 percent human. Small wonder that 
this resident community of bacteria, fungi and 

viruses, called the microbiome, has garnered increasing scientific 
interest amid growing recognition that not all microbes are bad  
for us. 
 !e key, says Shahid Umar, Ph.D., of Cancer Prevention, is 
figuring out how to maintain the balance so microbes that are our 
essential allies aren’t hampered in their cause. Umar’s research zeroes 
in on the human gut, particularly how its microbiota – defined 
as bacterial species only – might influence colon cancer. To get a 
better handle on bacterial a"airs of the gut, he’s teamed up with 
Allen Greiner, M.D., of Cancer Control and Population Health, 
with funding from a KU Cancer Center pilot grant, to collect and 
analyze tissue samples from colonoscopies alongside one of the 
more intimate subject matters around: human feces. 
 Umar waxes eloquent on the “beautiful process” that normally 
keeps our gut bacteria in check. !e colon contains a series of crypts, 
each with goblet cells that, as they divide, move along the crypt walls 
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colon tissue and stool samples from volunteers between 50 to 75 
years of age, recruited by Greiner through the likes of phone calls 
and flyers, he’s on track to find out if this is true. 
 “To their knowledge, they’re completely healthy,” Umar says 
of these volunteers, “which allows us to follow them longitudinally, 
obtaining samples at various time points. We can’t make concrete 
observations from a single round of samples, because our gut 
microbiota are in a constant state of flux.” It’s laborious, but he’s 
amassed data on approximately 40 volunteers to date and, while not 
at liberty to elaborate because a peer-reviewed publication is still in 
the works, notes that preliminary findings look “quite promising” 
in terms of bolstering his hypothesis that di"erent short-chain fatty 

acid levels in African Americans might influence their susceptibility 
to the sporadic form of colon cancer.  
 Umar and Greiner are also collaborating with Haribabu Bodduluri, 
Ph.D., from the University of Louisville in Kentucky, who is ferreting 
out 16S ribosomal RNA sequences from the tissue and fecal samples 
– essentially, genetic “signatures” identifying di"erent kinds of gut 
bacteria in any one volunteer. Just as a small fraction of these healthy 
recruits wound up discovering, post-colonoscopy, polyps (abnormal 
growths) in the colon that they hadn’t been aware of, Umar postulates 
that some will also have “more interesting” microbiota worth closer 
inspection. Such bacterial species – not found in the majority of 
volunteers, or known types observed to be somehow dysregulated – 
are what he’ll focus on, with the aid of gnotobiology. 
 “It involves using mice raised in an environment completely 
free of germs,” he explains, “so we can study the precise impact of, 
say, human gut bacteria type X on these gnotobiotic animals – for 
instance, how it might or might not a"ect tumor development in the 
colon.”
 While there’s greater appreciation of gut bacteria’s potential 
culpability in diseases like colon cancer – through chronic 
inflammation and the production of carcinogenic metabolites – 
Umar acknowledges that separating cause from correlation remains 
tricky, albeit crucial. Like many other elements of cancer research, the 
microbiome’s role could otherwise be oversold. “I maintain, however, 
that instead of declaring war on cancer back in 1971, if we’d signed 
a peace treaty emphasizing prevention through lifestyle changes and 
better environmental regulations, we’d be a lot further along today,” 
he says. “It’s clichéd to say that you are what you eat, and you only live 
once, but both are still true. We need to be better about proactively 
caring for not only the health of our gut, but our whole body.”

Electron microscopy image of a mouse colon infected with bacteria 
(magnification: 8,000X). 

Mouse colon stained with Alcian blue, showing outer and inner mucus layers. Courtesy of Shahid Umar. 
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APC AND COLON CANCER: LOCATION MATTERS 
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 Proteins, like people, can be complex and mysterious – at least to the scientists studying them. Some two 
decades after discovering adenomatous polyposis coli (APC), researchers are still puzzling out this particular protein’s 
secrets. !ey do know that APC is critical in protecting against colon cancer: in approximately 80 percent of cases, 
the gene for APC is mutated either sporadically or through germline inheritance. 
 Kristi Neufeld, Ph.D., co-leader of Cancer Biology, has spent the better part of her career so far following 
APC’s tracks, unearthing a few more prints along the way. She and her laboratory group have found that certain APC 

functions seem to depend on location – the protein normally shuttles between a cell’s control center, otherwise called the nucleus; and its 
surrounding gel-like cytoplasm. Whether APC reaches the nucleus may well a"ect the ability of intestinal stem cells to di"erentiate into 
other cell types with specialized functions, Neufeld proposes.

 “It’s not widely appreciated, but there is still plenty of cell 
growth going on in adults, with the colon being a good example,” 
she says. “On average, we shed and replace about 70 pounds 
of intestinal tissue yearly, so you can imagine that this process 
requires exquisite control to prevent tumor formation.”
 Regular renewal of the colon lining occurs through stem 
cells that are capable of constantly dividing. !ese cells produce 
descendants that take up specific roles: by secreting mucin, for 
instance, goblet cells generate the mucus layer that serves as the 
colon’s sole physical barrier against its many microbial tenants. 
But if APC can’t find its way to the nucleus, Neufeld and her team 
have noted far fewer goblet cells as one outcome.
 “We introduced a specific APC mutation into mice that 
took away the nuclear zip code, so to speak, leaving APC stuck 
in the cytoplasm,” Neufeld explains. !e researchers studied this 
mouse model under conditions that induce ulcerative colitis, a 
form of inflammatory bowel disease that can be a prelude to colon 
cancer. Observing significantly more colon tumors in these mice 
compared to those with normal APC in the same disease setting, 
they hypothesized that functional nuclear APC might somehow 
guard against inflammation and its downstream e"ects, including 
tumor development. Now, Neufeld thinks she and her crew may 
have a clue as to how this happens.
 “!e drop in goblet cell numbers we observed was striking,” 
she says. “We then examined one of the proteins found in mucin, 
called Muc2, and found that its RNA levels were greatly decreased. 
If there are fewer goblet cells as a result of APC being unable to reach 
the nucleus, there will also be less mucin, which could increase the 
colon’s sensitivity to bacteria and other microorganisms in the gut 
that are capable of promoting inflammation.”
 !inking ahead clinically, Neufeld adds, while there are still 
no quick fixes for mutant genes, perhaps tools could be developed 
to synthetically replace this less than ideally thick mucus layer in 
a"ected people. 
 One known function of APC is that it halts cell proliferation: 
by muzzling the canonical arm of the Wnt signaling pathway, 
which otherwise instructs cells to go forth and multiply. Neufeld 
and her group have already shown, using the same mouse model, 
that APC stationed in the nucleus is necessary to suppress Wnt 
and its signaling partners – particularly β-catenin, a key target of 
normal APC. With a role for nuclear APC in controlling goblet 
cell di"erentiation now highly plausible, and the researchers 
probing possible mechanisms, they want to know if and how Wnt 
pathway members might be involved.
 “We are looking at two theories,” Neufeld says. “!e first is 
that APC physically binds to β-catenin in the nucleus, preventing 
the latter from being an aide in the transcription of other important 
Wnt pathway genes. Or APC could bring collaborators into the 
nucleus – basically, other proteins that help repress transcription. 
Either way, if the nucleus is out of bounds for APC, intestinal 
stem cells will keep dividing when they should be di"erentiating 

into specific types such as goblet cells.”
 Comprising 2843 amino acids, APC is no small representative 
of proteins in general. “APC is more like a complex of moving parts, 
each doing something di"erent and most still poorly understood,” 
Neufeld says. “I think if the sole purpose of this protein was to 
target β-catenin for destruction, it wouldn’t need to be this large. 
So even if we find that Wnt signaling, as mediated through APC, 
is not involved in our latest observation, it’s still likely that goblet 
cell di"erentiation is controlled by one or more of APC’s many 
components.” 
 Beyond a slew of mechanistic details, the bigger picture that 
Neufeld and her group will keep exploring is that some colon cancers 
could arise from an inflammatory response to bacterial penetration 
of a thinner than normal mucus layer in the gut, resulting from 
defective APC. !e possibilities of just what APC does and doesn’t 
do, and how to compensate for any intestinal glitches related to 
this protein’s shortcomings, present a challenging mystery but also a 
plentiful harvest for scientists to reap. 

Colon crypt cells stained to define APC (red),	
�    β-catenin (green) and nuclei (blue). Courtesy of Kristi Neufeld. 
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TACKLING COLON CANCER: TAKE OUT THE TRASH!

 Rather than its possible triggers, Dan Dixon, Ph.D., co-leader of Cancer Prevention, is far more interested 
in molecular events along the chain reaction of colon cancer development. One such event involves COX-2, a 
protein frequently found at out-of-whack levels in colon cancer cells and with a well-established role in promoting 
inflammation and pain. Essentially, Dixon is keen to figure out how to make COX-2 – a target of anti-inflammatory 
drugs like aspirin and Celebrex – pipe down. 
 “While not normally present in cells, COX-2 gets turned on when inflammation occurs and is one of the first 

proteins on the scene,” he explains. “!en it’s supposed to go away, but the production brakes are somehow jammed in colon cancer.”
 Like all proteins, COX-2 is expressed from its gene via an intermediary transcript called messenger RNA (mRNA). As a routine 
exercise to keep a lid on the levels of any one protein, a whole slew of molecular factors are responsible for “seeing” transcripts like COX-2 
and thereby destining them for cellular destruction. !e machinery at work here is highly complex, Dixon says. For example, a particular 
sequence rich in A and U bases along COX-2’s mRNA enables a protein called TTP to latch on. TTP then shuttles these marked transcripts 
over to P-bodies, small sites in the cell that house multiple enzymes involved in RNA decay – they are, in fact, trash disposal units. 

 Similarly, short strings of bases called microRNAs recognize 
their own docking sites and help drag COX-2 transcripts o" 
for destruction. Examples of these microRNAs include miR-16 
and miR-542. So there’s more than one trash collector at work 
to ensure that COX-2 is only present when necessary; but wily 
cancer cells, in hanging on to any and all tumor promoting forces 
available, have found ways to interfere with this otherwise well-
regulated system. 
 “It’s thought, for instance, that the docking sites get blocked 
by other proteins known as RNA stability factors, which prevents 
the collectors from seeing their trash,” Dixon says. One likely 
culprit is a stability factor called HuR: frequently overexpressed 
in tumor cells, it goes for the same AU-rich sequence on COX-2 
transcripts that TTP and certain microRNAs normally target. 
 Alternatively, Dixon adds, tiny genetic tweaks to the docking 
sites themselves – called single nucleotide polymorphisms (SNPs) 
– can also a"ect the ability of microRNAs to head transcripts 
toward the landfill. In August 2012, he published a paper in 
Oncogene outlining one of these minute changes, from T to C, 
that e"ectively disrupted miR-542’s binding ability to COX-2 
transcripts, in turn allowing for unfettered protein production. 
Epidemiological studies have shown that the distribution of this 
particular SNP varies across di"erent ethnicities: 38 percent in 
people of African descent, 11 percent in Caucasians and less than 
one percent in Asians. 
 More recently, Dixon has been examining the importance of 
regular trash pickup and disposal, molecularly speaking, from a 
slightly di"erent angle. It involves TGFβ, a protein prominent in 
controlling cell proliferation so di"erent cell types with specific 
functions can emerge in key organs like the colon. Predictably, 
TGFβ is often messed up in colon cancer. Curious as to whether 
this protein influences RNA stability, Dixon and his group tagged 
P-bodies in normal intestinal cells so they glowed fluorescent 
green, then counted their numbers with and without adding TGFβ 
to the mix. !ey observed that higher TGFβ levels corresponded 
with significantly more P-bodies – basically, more centers of  
RNA decay.
 “It looks like TGFβ has its foot on the proliferation brake; 
it promotes the disposal of transcripts that would otherwise lead 
to enhanced cell growth signaling,” Dixon says. “Now we have a 
clearer picture of what goes wrong in the colon, leading to tumors, 
when TGFβ signaling is messed up.” 
 Having identified some of the processes that go awry in colon 
cancer, Dixon and his crew are tackling these issues head-on. One 
potential fix involves using high-throughput drug screening assays 
to hunt for compounds capable of undercutting cancer cells’ 
attempts to keep as much COX-2 mRNA as possible around. 
Viable candidates might prevent HuR from hogging key docking 
sites; induce and ensure TTP’s activity – frequently repressed 
in colon cancer – so HuR faces sti" opposition; or modulate 
microRNAs like miR-542 so they can still make use of their 

favored binding sequences, SNPs notwithstanding. 
 “We’re looking for ways to force interactions that the tumor 
cells don’t want, and block other interactions that they do want,” 
Dixon says. “!e library of compounds we’re using contains a 
number of chemical backbone structures. If we’re able to identify 
one or more that fit the bill, we can then work with our colleagues 
in medicinal chemistry to “dress up” an otherwise simple structure 
so it’s more specifically tailored to our target.”
 “!ese defects in RNA decay we’re studying seem to occur 
across the board with colon and other solid cancers,” he adds. “So 
the overall picture with our research is bigger than just figuring out 
how to keep COX-2 in line. We could apply this knowledge toward 
controlling other genes which are also often overexpressed in cancer 
and chronic inflammation.” 
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Colon crypt cells stained to define P-bodies (green). Courtesy of Dan Dixon. 



FROM NON!INVASIVE TO INVASIVE 
BREAST CANCER: INSPECTING THE TRIGGER

of approximately 200,000 breast disease diagnoses in the U.S. 
each year, with a"ected women undergoing a mastectomy if 
it’s widespread; or a lumpectomy followed by radiation if it’s 
localized. 
 “In fewer than half of DCIS cases do the abnormal cells 
escape confinement and turn invasive,” Behbod says. “But it 
happens through processes and mechanisms we don’t fully 
understand, and because there isn’t yet a good way to predict 
which person’s DCIS will or won’t spread, every diagnosis has to 
be treated like it will.”
 Behbod has spent several years refining an animal model 
by which she hopes to identify, among other things, biomarkers 
of DCIS progression into invasive mode. Called the mouse 
intraductal (MIND) model, it involves injecting DCIS cells 
isolated from the tissue samples of consenting patients directly 
into the milk ducts of female mice. !ese mouse tumorgrafts are 
tracked for up to a year alongside a second model of Behbod’s: 
cultured cells in the laboratory that mimic the course of DCIS 

14  |  AT THE BENCH AT THE BENCH  |  15

 Cancer researchers 
are seldom, if ever, islands 
unto themselves. So while 
their paths had previously 
never crossed, a chance 
observation overlapping 

two individual areas of focus is bringing Nikki Cheng, Ph.D., of 
Cancer Biology and Fariba Behbod, Ph.D., of Cancer Prevention 
together as joint principal investigators on a new RO1 grant from 
the National Cancer Institute. 
 !e researchers will take a closer look at whether the 
unpredictable morphing of ductal carcinoma in situ (DCIS) into 
full-blown invasive breast cancer is influenced by signaling through 
a protein called CCR2. Cheng has long studied CCR2 and its 
family of chemokine receptors, which oversee the recruitment of 
immune cells during infection or chronic inflammation. DCIS, 
or the presence of abnormal cells within the breasts’ milk ducts, 
is Behbod’s research specialty. It comprises roughly 20 percent 

from contained to invasive over 10 to 14 weeks. 
 Cheng’s expertise in CCR2 function came about somewhat 
unintentionally: long interested in how connective tissue cells 
called fibroblasts, a key part of the tumor microenvironment, 
influence cancer cell behavior, it struck her one day that CCL2 –  a 
protein secreted by fibroblasts – was “acting odd” in cultured breast 
cancer cells. “But I didn’t know why,” she says of this behavior. 
“So I looked at the available literature and discovered that CCL2 
binds to and activates CCR2, which is when my lab’s research 
into chemokine signaling – and how this influences fibroblast 
interactions with other cell types in the tumor microenvironment 
– really took o".” She went on to find that CCR2 is overexpressed 
in breast tumors; it also encourages the survival and invasion of 
cultured breast cancer cells.
 Intrigued by interactions between CCL2 and CCR2 during 
inflammation and breast cancer progression, Cheng was the first 
to observe CCR2’s increased signaling activity in a DCIS setting. 
Aware of Behbod’s MIND model and broad knowledge of this 
disease, she proposed a collaboration. !ey’re now investigating 
their newly-funded grant’s central hypothesis: that active CCR2 
signaling promotes DCIS progression to invasive breast cancer, 
possibly through the bolstering e"ect such enhanced signaling may 
have on di"erent cells capable of supporting said progression. 
 One exploratory route involves isolating individual epithelial 
cells from Behbod’s repository of tissue samples, then identifying 
and injecting those cells with high CCR2 levels into mice. !e 
researchers describe it as “risky, but a method by which to obtain 
direct evidence of our theory.” Besides the MIND model, they’re 
combining pre-invasive cancer cells with other cell types, including 
fibroblasts, and attempting to eavesdrop on any molecular crosstalk 
foreshadowing invasion. !ey’ll also genetically manipulate the 
CCR2 pathway to see how this influences the likelihood of DCIS 
turning invasive.  
 As with most research models, there are limitations. For 
instance, after as much as a year of tracking, Behbod has yet to 
see the tumorgrafts in her mice actually morph from what she 
calls “DCIS-like lesions” into invasive breast cancer. “!e mouse 
version of prolactin doesn’t bind to human tissue, and that’s just 
one example; it’s probably not the only hormone that behaves 
di"erently,” she says. “We’re trying to mitigate this problem by 
providing the mice with human prolactin. Overall, we need to 
better mimic the human breast microenvironment and tweak our 
model’s hormonal milieu, to increase our chances of learning just 
what triggers DCIS invasion.” 
 It’s also likely that multiple factors and molecular pathways 
are at play in pulling this trigger, with each comprising a worthy 
research avenue. But in the spirit of starting somewhere, once 
the kinks of their own approach have been ironed out, Cheng 
and Behbod hope to have a much clearer idea of both CCR2’s 
involvement as a biomarker of DCIS progression and its potential 
utility as a therapeutic target. Perhaps inhibitors could be 
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specifically designed to squelch its hyperactivity; or existing drugs 
– against chronic inflammatory diseases like rheumatoid arthritis, 
where CCR2 has a known role – might prove repurposable. 
 “People have tended to associate CCR2 and the rest of its 
family with immune reactions, but not tumor survival and 
invasion,” Cheng observes. “So the correlation we’re proposing 
here is rather unique. We hope it leads to a solid scientific basis for 
establishing patient screening tools, based on CCR2 and perhaps 
additional targets, that better predict and even prevent invasive 
breast cancer.”

DCIS INVASIVE BREAST CANCER

Increased expression of CCR2 and CCL2 promote the transition from DCIS to invasive breast cancer. Courtesy of Nikki Cheng and Fariba Behbod. 
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CANCER PATIENT VS. SURVIVOR: 
ERASING THE LINE IN THE SAND 

time to be proactive is now. “!e old model where you regularly 
follow up with your oncologist, even post-remission, no longer 
works,” Klemp says. “!ere are too many new patients, on top 
of those with active disease; you wait hours for a visit that lasts 
10 minutes. It’s critical mass colliding with quality of care.”
 But it will, in fact, “take a village” to change the game with 
cancer survivorship – words that Klemp has taken to heart in 
collaborating with providers outside of oncology to help them 
become more comfortable working in a cancer setting. At KU 
Cancer Center, robust relationships have been built with the likes 
of cardiology and fertility specialists, resulting in streamlined 
referral processes and improved access to other aspects of health 
care that patients frequently need as much as cancer expertise. 
Klemp points out one such thriving relationship: with Samuel 
Kim, M.D., director of the reproductive endocrinology division 
within KU Medical Center’s department of obstetrics and 
gynecology. While the toxicity of cancer therapy often wipes out 
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 It’s still more common than not for 
“cancer survivors” to be placed solely in the 
post-treatment category – a misconception 
that Jennifer Klemp, Ph.D., of Cancer 
Prevention, would like to see changed. 
Better to think of cancer survivors along a 

continuum, she says, that starts from the time of diagnosis. 
 In other words, “this umbrella model doesn’t distinguish 
between patient and survivor,” she elaborates. “It’s about 
incorporating strategies like supportive care and oncology 
rehabilitation that impact quality of life – both physically and 
psychosocially – right o" the bat. If you wait until a person has 
been boxed in under “cancer-free survival” or “treatment failure,” 
it may be too late.” 
 Given that by 2020, an estimated 18 million people will be 
grappling with the late and long-term e"ects of being treated for 
cancer – including neuropathy, weight gain and lymphedema – the 

a woman’s ability to bear children, Kim is one of a mere handful 
of clinicians in the U.S. who can provide such patients a fertility-
restoring option – by cryopreserving their ovarian tissue pre-
treatment and, later, transplanting it back into the body. 
 In facilitating these relationships with medical experts and 
other health care professionals, Klemp makes good use of Cancer 
Survivorship Training (CST) Inc., a KU startup company of 
which she is chief executive o#cer. CST disseminates continuing 
education on topics related to cancer survivorship care accessed 
through the web and any mobile device, also called eLearning 
solutions, and its custom branded educational curriculum, easily 
integrated into existing web portals, now exists across all of the 
Midwest Cancer Alliance’s partner hospitals. 
 !e myriad aspects of cancer survivorship have also prompted 
some active research – for instance, a recent study led by Qamar 
Khan, M.D., on adherence to long-term therapy. He and several 
colleagues, including Klemp, found that high-dose vitamin D 
supplements mitigate the severe musculoskeletal symptoms and 
fatigue that often plague women with ER-positive breast cancer 
taking antihormonal drugs like letrozole, and therefore help them 
comply with their therapeutic regimen. Additionally, Klemp and 
Christie Befort, Ph.D., are carrying out their sixth study on weight 
management in cancer survivorship: Befort holds RO1 funding 
from the National Institutes of Health to explore ways to integrate 
diet and exercise programs early on and thereby help breast cancer 
survivors from rural communities maintain a grip on successful 
weight loss.
 Klemp has expanded this model to target cardiopulmonary 
fitness on top of weight loss and exercise; breast cancer survivors 
are otherwise at considerable risk of death from cardiovascular 
disease, due to various factors including the cardiotoxicity of 
certain therapies and a more sedentary lifestyle. With the aid of 
resistance training powerblocks – “peelable” weights with a range 
from three to 21 pounds – participants are randomized to either 
standard or interval exercise sessions. !e key di"erence is that the 
latter group, rather than simply exercising for 30 minutes until 
“it’s a little di#cult to talk,” as Klemp puts it, utilize a Garmin 
heart rate monitor and, for short 30-second or one-minute 
intervals, push themselves to Zone 2 on said monitor, whereby 
talking becomes near impossible. So far, all indications are that 
such bursts of increased intensity during exercise sessions result 
in statistically significant improvements where cardiopulmonary 
fitness is concerned. A similar intervention for prostate cancer 
survivors, many of whom are also overweight or obese, has since 
been proposed. 
 Klemp is also part of a community engagement e"ort between 
KU Cancer Center and Children’s Mercy Hospital in Kansas City, 
Mo., focusing on adult survivors of childhood cancers. Having 
surveyed the informational needs of roughly 130 young adults in 
this category, she and her colleagues started a transitions clinic – 
run by Becky Lowry, M.D., and Stephen Smith, M.D., from KU; 
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along with Joy Fulbright, M.D., from CMH – this summer with 
the aim of helping these survivors make the necessary adjustments 
both during and after transitioning to adult care. 
 “Overall, it’s time to conceptualize cancer survivorship 
in terms of chronic health care, the way we do for diabetes or 
cardiovascular disease,” Klemp says. “It’s a complicated model that 
will involve pairing multiple community resources, from advocacy 
groups to government agencies, with a hugely complex health care 
system. But I think it’s necessary, and that the emphasis should 
be on productive two-way interactions between well-informed 
patients and prepared, proactive providers.”

A chronic health care model for cancer survivorship. Courtesy of Jennifer Klemp. 
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NUDGING TRANSPLANTED CORD BLOOD 
STEM CELLS IN THE RIGHT DIRECTION 

start CBSC engraftment, during which they repopulate the bone 
marrow and produce normal blood cells. When not handling 
a busy schedule of patients, Omar Aljitawi, M.D., of Cancer 
Biology, is investing considerable time at the bench figuring out 
cord blood transplantation’s underlying biology. 
 Where an e#cient expansion method for CBSCs is 
concerned, Aljitawi has found that by first seeding sca"olding 
material with stromal cells isolated from Wharton’s jelly – a 
gelatinous substance within the umbilical cord – then coaxing 
them into becoming bone-producing cells, an artificial bone 
environment results in which CBSCs readily proliferate. !is 
approach needs to be refined, however, so CBSCs grown in the 
laboratory maintain their “stemness” rather than di"erentiate 
into other cell types. And because much of the research field 
in cord blood transplantation is currently focused on the issue 
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 If you require a peripheral blood or 
bone marrow transplant but lack a matching 
donor, cord blood could prove especially 
useful. Leukemia and lymphoma patients 
are among the main beneficiaries of cord 
blood transplants, alongside those with 

other blood disorders.
 As its name suggests, cord blood is found in the placenta 
and the attached umbilical cord after childbirth. It’s a rich source 
of stem cells (CBSCs), but because these are limited in number 
and may not be enough for e"ective transplants in adults, much 
e"ort has been devoted to expanding CBSCs in vitro. Additionally, 
guiding infused CBSCs to their final destination – the bone 
marrow – and keeping them from circulating to other tissues is no 
straightforward task. !is “homing” process is necessary to jump-
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of expanding CBSCs, Aljitawi has opted to skew his own bench 
work in favor of the second problem: getting these stem cells to 
home to the bone marrow upon infusion.
 Newborn babies have high concentrations of circulating CBSCs 
that decrease over time as the cells reach the bone marrow. Along 
with this initial spike in stem cell numbers, a newborn’s blood has 
high oxygen levels and low amounts of the hormone erythropoietin. 
Aljitawi began his research with the theory that increased blood 
oxygen – a certainty as newborn lungs fill with their first cries – 
accompanied by a corresponding drop in erythropoietin somehow 
trigger the bone marrow homing signal for CBSCs. 
 Next, he began investigating ways to lower erythropoietin levels 
in the blood and hit on hyperbaric oxygen (HBO) therapy – the 
medical use of oxygen at a level higher than atmospheric pressure 
– as one possibility to test his hypothesis. Undeterred by his lack of 
experience in designing the necessary animal studies, Aljitawi sought 
the help of several collaborators, including George Vielhauer, Ph.D., 
who brought him up to speed on establishing proof-of-concept in 
mice, and Je" Radel, Ph.D., who assisted him in turning an unused 
autoclave into a convenient – and cheap – animal-sized hyperbaric 
chamber. !e group recently published their findings in Blood Cells, 
Molecules and Diseases, reporting that HBO therapy does improve 
the grafting of infused CBSCs in mice. 
 Aljitawi has since started a pilot study in the clinic, with two 
patients accrued to date. “It’s not a phase I trial because HBO 
therapy is in fact medically safe,” he says. “But in this particular 
setting, our subjects are already dealing with a host of unpleasant 
side e"ects from chemotherapy and radiation, so we have to be 
sure this additional treatment won’t further complicate matters.” 

 Chronic chemotherapy-induced nausea, for instance, could 
prove something of a bugbear, because patients on this study need 
to spend two hours in a hyperbaric chamber prior to receiving their 
cord blood transplant. Aljitawi is cautiously optimistic on this count, 
however, given that neither of his two patients experienced such 
di#culties while undergoing HBO therapy, despite expectations 
to the contrary. Both also recovered well from the transplant 
procedure, and preliminary evidence indicates that HBO therapy 
may aid CBSC engraftment in a clinical setting. Encouraged by 
these results, Aljitawi is now extending this therapy’s application 
to other types of peripheral blood transplants, most recently the 
autologous (self ) variety. 
 “Chemotherapy drugs result in injured tissues releasing a whole 
host of biological factors that could act negatively on freshly-infused 
stem cells, even wipe them out,” Aljitawi says. “It’s called a cytokine 
storm, and the body just isn’t very receptive to newcomers. But we 
think HBO is somehow able to dial things down, at least temporarily, 
giving the stem cells an opportunity to reach the bone marrow.”
 So apart from possibly coordinating with erythopoietin to 
direct CBSCs toward the bone marrow, it may be that increased 
levels of oxygen in the blood are a positive influence on the homing 
process simply by improving the stem cells’ chance of survival in a 
hostile environment.
 “It happens early on – within hours to the first few days of 
infusion – and is very transient,” Aljitawi says of CBSCs heading 
to the bone marrow, “which is why understanding all we can of 
this critical window, especially the molecular mechanisms involved, 
is pretty important. !en we’ll be better positioned to optimize 
therapies like HBO for cord blood transplantations.”

Bone marrow of a patient 30 days after a cord blood transplant, with donor-driven hematopoiesis (blood cell formation) taking place. Courtesy of Omar Aljitawi. 



BLOOD STEM CELLS AT WORK AND REST: 
MAINTAINING THE BALANCE 

  Linheng Li, Ph.D., co-leader of Cancer Biology, has spent the last two decades surveying a couple of cell 
populations that, while not warring gangs, do have opposite agendas. Both are factions within a larger “party” of 
hematopoietic, or blood-forming stem cells; but where one group busily spawns blood cells by the billions, members 
of the other are content to maintain a lowkey background presence.

  !e process of continually replacing worn-out blood and immune cells – particularly during injury or disease 
– takes its own toll on actively dividing hematopoietic stem cells (HSCs), Li explains, which is when the quiescent 

pool of HSCs usually mobilizes as a backup crew. In between, however, both groups’ polar functions have to be kept in check so neither 
proliferation nor sedentary behavior prevails. !e molecular forces manipulating this tenuous yin-yang balance are what Li, one of KU 
Cancer Center’s 11 joint faculty based at the Stowers Institute of Medical Research in Kansas City, Mo., is most interested in exploring. 
 “We think these two groups of HSCs occupy separate niches in the bone marrow, in which di"erent molecular players and signals 
dominate,” Li says. “But whereas the existence of di"erent HSC populations is now widely recognized, there’s less consensus in the field 
on precisely how these groups are regulated – whether, for instance, maintenance occurs in distinct microenvironments, as we suggest.”
 According to this model, quiescent HSCs make their home in the thin layer of connective tissue, called the endosteum, lining 
the marrow cavity’s spongy bone walls. Proliferating HSCs, on the other hand, occupy sinusoids, or small blood vessels, in the central 
marrow. Two recent publications in as many years – one in Cell, the other in Nature – outline what Li and his group have learned so far 
about how the quiescent stem cell niche, in particular, is regulated. It appears to involve a di"erent arm of the Wnt pathway, a complex 
network of signaling proteins and receptors by which information passes from the outside to the inside of a cell, than that at work in the  
active niche. 
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 !is non-canonical arm of the Wnt pathway, Li elaborates, 
exerts its influence on quiescent HSCs at least partly through 
two molecules: Flamingo and Frizzled 8. !rough a series of 
experiments, he first determined that both these non-canonical 
Wnt members were expressed at much higher levels than any 
canonical Wnt counterparts in the niche where quiescent 
HSCs hang out. Li and his crew then noted, in mice genetically 
engineered to lack either Flamingo or Frizzled 8, a significant 
drop in quiescent HSC numbers along with reduced HSC 
function by more than 70 percent. !ey also wiped out actively 
proliferating HSCs with the drug 5-fluorouracil and, observing a 
swift reversal of events whereby canonical Wnt signaling trumped 
that of Frizzled 8 and Flamingo to prod quiescent stem cells into 
replenishing mode, confirmed that these two representatives of 
the non-canonical Wnt arm normally tell HSCs to sit still. 
 !e researchers have since uncovered what Li calls “an 
additional layer of regulation” ensuring long-term maintenance of 
the HSC reserve force. It occurs through genomic imprinting, in 
which a gene’s maternal or paternal copy, but not both, is silenced 
to ensure appropriate expression. While this happens in only 
a subset of genes, it’s also a crucial mechanism for controlling 
growth and development at the fetal stage. 
 Using a mouse model, Li and his group devised a molecular 
situation where H19, a gene that stifles growth and is normally 
expressed via its maternal copy, was effectively inactivated. 
This loss of imprinting control led to IGF2, which encourages 
cell proliferation, being expressed from both its copies, not 
just the paternal one. With H19 shut off and IGF2 all geared 

up to go, quiescent HSCs came awake instead of remaining in a 
sleeping state. 
 As it turns out, Li explains, H19 encodes a microRNA that, 
true to the regulatory nature of these short strings of bases, normally 
keeps a lid on the levels of the protein receptor that IGF2 needs to 
promote growth. So genomic imprinting control through H19 is 
necessary to restrict IGF2’s actions and maintain a quiescent state 
of a"airs in HSCs – potentially, Li thinks, with the added influence 
of non-canonical Wnt signaling via Flamingo and Frizzled 8 from 
outside HSCs. Extremism is no more welcome here than in most 
settings: tipping the scales too far in either direction could result 
in leukemia and other overgrowth disorders; or premature aging of 
HSCs alongside declining blood cell production. 
 Li sees e"orts like his to scope out both players and territory, 
molecularly speaking, as key in figuring out how to fix matters when 
the balance between two equally vital groups of stem cells is upset. 
For instance, speeding up the mobilization of quiescent HSCs in 
the wake of chemotherapy drugs, which often ravage the actively 
proliferating cell population, would be valuable in treating cancer. 
Or, when quiescent stem cells are sometimes found in permanent 
lockdown, blocking the culprit – overly “noisy” non-canonical Wnt 
signaling – could unjam the brakes on blood cell production and 
prevent premature HSC aging. 
 “We’ll keep investigating stem cell quiescence and proliferation 
at deeper levels, including that of epigenetic regulation,” Li says. “It’s 
one thing to study signaling from the cell surface and downstream, 
as we’re doing, and another to examine how cells respond – genomic 
imprinting is one way, but just the start.”
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A dividing hematopoietic stem cell (blue and green). Courtesy of Linheng Li. 
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