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Outline
Two roads diverged in a wood, 
and I—
I took the one less traveled by,
And that has made all the 
difference.

-Robert Frost

1. Road from Kansas to Utah and back again

2.Tumor Suppressors, APC (brief history)

3.Nuclear APC

4.New Role for APC in inflammation

5.Learnings, teaching



City



Biology Professor, Bethel College



A Case for Tumor Suppressors

1970s and 1980s

Alfred G. Knudson - “Two Hit 
Model” for Retinoblastoma

Knudson et al. (1971) Harris, H. (1971) 

Normal

Normal

Malignant





Ray White and Web Cavenee (1983)

Showed that tumors had loss of both copies of 
a region of chromosome 13 (which contained 
the Rb gene)

This demonstrated that it was Rb loss of 
function associated with the disease

Experimental confirmation of the tumor 
suppressor paradigm changed the way 
scientists thought about cancer onset and 
progression





Ellie Ehrenfeld

• Be driven by curiosity about your field and others

• Be unafraid to use whatever technique you need to answer 
your question (collaborate if needed) 

• Think outside the box

Ollie Richards





What gene is conceivably the most 
prevalent site for selected somatic 

mutations? 

APC
half of the population is 

expected to develop colonic polyps 
during a normal lifespan and 80% 

of these tumors are initiated by 
mutations in BOTH APC alleles. 

Why?... 





Adenomatous Polyposis Coli (APC)
• Inherited mutation in APC gene results in 100s-1000s 

of polyps in colon by age 20-30

Colon from FAP patient
Familial Adenomatous Polyposis= 
inherited APC mutation



Adenomatous Polyposis Coli (APC)
• Inherited mutation in APC gene results in 100s-1000s 

of polyps in colon by age 20-30
• Polyps are benign, but if not removed, each has 5% 

chance of becoming cancer in 10 yrs ~100% people 
with inherited APC mutations develop colon cancer by 
age 40 if colon not removed 

• Gene identified/mapped in early 1990s (3 labs: White, 
Vogelstein, Nakamura) using large families with history 
of colon cancer and a technique called positional 
cloning

• >80% of all colon cancers (both inherited and sporadic) 
have mutations in the APC gene.

http://www.hhmi.org/research/investigators/vogelstein_bio.html


Get your colonoscopy



Best characterized function of 
APC

• Antagonist to the Wnt signaling 
pathway
– Targets proto-oncogene β-catenin 

for destruction



Ubiquitination

β-catenin

β-catenin
β-catenin

Wnt

β-catenin
LEF-1

Cyclin D1
C-myc

Axin

β-catenin

Proteolytic degradation
Of β-catenin

β-

β-

β-
β-

β-XAPC

β-catenin

Gsk-3β
P

S37CELL
PROLIFERATION X

APC function in Wnt signaling



A method to interrogate response to 
localized Wnt signal  

Line Scan Analysis

Immunofluorescent Staining
Parker and Neufeld, Scientific Reports, 2020

Scoring

Toward            Away           Random

Taybor Parker



The β-catenin destruction complex
1.Re-locates toward a 

localized Wnt source in 
cells with an intact Wnt 
signaling pathway

2.Maintains β-catenin 
association following Wnt 
exposure

3.Requires full-length APC 
for Wnt-induced 
localization

4.Wnt-induced localization 
independent of Axin1

Parker and Neufeld, Scientific Reports, 2020



Magney et al. Am J. Anat. 177:43-53 (1986)

The Intestine as a Developmental System

+4 Q stem cell



Figure 7.20b The Biology of Cancer (© Garland Science 2023)
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Figure 7.20b The Biology of Cancer (© Garland Science 2023)

Red arrows=Wnt



Adenomatous polyposis coli (APC)

• A tumor suppressor protein expressed 
throughout the body

• Loss of wild type APC is an initiating event in 
the development of > 80% of all colorectal 
cancers

• Colon cancer is the second leading cause of 
cancer related deaths in the United States

If we understand APC activities in the intestinal 
epithelium, we will be able to better prevent, 
diagnose and treat colon cancer.





APC is located in both cytoplasm and 
nucleus of cultured epithelial cells

APC + DAPI

White and Neufeld (1997)



Ray…guess what?
I see APC in BOTH
The cytoplasm
AND the nucleus! Outstanding!



APC protein at cell-cell 
junctions and in nucleus 
of normal human colon

Anderson, Neufeld and White (2002)
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Nuclear export and nuclear localization 
signals in APC facilitate shuttling 
between nucleus and cytoplasm

APC
a.a. 284369   77  165  174 1767  1772   2048   2053
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Zhang, White and Neufeld (2000)Neufeld et al. (2000)
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What does nuclear APC do?

• In cytoplasm APC helps to put brakes on a cell 
that isn’t exposed to a “Wnt” proliferation signal

• Nuclear APC also participates in this process
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The Road less travelled



Generation of the ApcmNLS/mNLS Mouse Model

Zeineldin and Neufeld Cancer Res 2013;73:2389-2399 Jamie Cunningham  Preston Alltizer    Brian Blanchat     Maged Zeineldin  



Mutate NLSApc

in mouse 

Wnt signaling

Incidence of 
intestinal tumors

Proliferation

• ApcMin/mNLS vs ApcMin/+

• ApcmNLS/mNLS vs. WT AOM/DSS

Phenotype of mouse model with 
compromised nuclear Apc

Zeineldin and Neufeld Cancer Res 2013;73:2389-2399



Mice lacking Apc NLS have defects in 
mucus

Zeineldin et al., Carcinogenesis 2014
Maged Zeineldin             Matt Miller 



Thinner Mucus Layer in 
ApcmNLS/mNLS mice

(James, unpublished)
Anika James



Mice lacking Apc NLS have high levels of some 
inflammatory mediators 

Zeineldin et al., Carcinogenesis 2014

(CXCL-2)



Human Colon Cancer Cells induced to express 
APC show lower levels of CXCL-1 and -2 

proteins

(Sandoval, Unpublished) Alex Sandoval



APC expression reduces CXCL-
1, -2, and -3 RNA

CXCL3

(Sandoval, Unpublished)



STAT1 as potential regulator of CXCL-1

CXCL-1

Hankey, Groden APC-ChIP-seq, 2018

(Korbecki, 2022)

(Sandoval, Unpublished)



APC inhibits neutrophil transwell 
migration

from APC or β-Gal 
expressing cells

(Sandoval, Unpublished)



Nuclear APC suppresses level of secreted 
CXCL1 and -2 proteins

(Sandoval, Unpublished)



Summary of unpublished data regarding APC 
role in colonic inflammation

1. Mice with compromised nuclear APC have 
thinner mucus layers
2. In human colon cells, APC expression reduces 
level of CXCL1 and 2 protein secreted and RNA 
and inhibits neutrophil recruitment
3. APC expression leads to upregulation of STAT1 
RNA
4. ApcmNLS/mNLS mouse explant experiments 
support and expand the concept that nuclear APC 
inhibits CXCL1 and CXCL2 and thereby 
influences inflammation



What have I learned after 21 
years at KU?

• Don’t be afraid to take the road less traveled.

• Failure is built into the process.  Expect it and move on when it 
happens.

• Find your strengths and work with folks that complement those 
talents—you can’t be an expert at everything

• Give yourself a break—you don’t have to have it all at the same time 

• I have a dream job– Science is NEVER boring. I get to work with smart 
and interesting people and help teach the next generation!

• Teaching is fun! Take risks with it.
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Thank you!
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