
 Non-
carriers Carriers Totals Incidence Statistics  

(p value) 
Baseline Group  

Healthy: 
no BC 

family hx 

Healthy: 
all 

Healthy volunteers:  n = 105 n = 174  
    No BC family hx  100 5 105 4.8% - 0.7992 
    BC family hx 64 5 69 8.2% 0.5203 0.5143 
Cancer patients:  
    Breast cancer 126 21 147 14.3%* 0.0195 0.0130 
    Colorectal cancer 45 6 51 11.8% 0.1785 0.2100 
Other sample types:  
    Colorectal polyps 48 5 53 9.4% 0.3049 0.3504 
    Lung cancer cell lines 21 1 22 4.5% 1.0000 1.0000 
Totals 404 43 447 9.6% 0.1262 0.1498 
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Introduction
Microsatellites are typically defined as tandemly

 
repeated sequences (motifs) of one to six 

nucleotides that are very widely distributed throughout the genome (~500,000 microsatellite-
 containing loci) and are frequently variable in the number of times the motif is repeated (vary 30-
 50% among individuals). Microsatellite expansions are causative for over 20 neurological diseases, 

and microsatellite alterations occur in most tumors, with certain types of tumors (e.g., hereditary 
non-polyposis

 
colorectal cancers) harboring significantly elevated rates of microsatellite mutations. 

Alterations in repeat unit number in and around coding sequences
 
can have important quantitative 

and qualitative effects on gene expression, with a growing body of evidence to support microsatellite 
length correlating with various phenotypes (e.g., circadian rhythm in fruit flies, snout length in dogs, 
social behavior in voles and possibly humans). Nonetheless, microsatellites are underappreciated 
and understudied, mainly due to the difficulty in accurately sequencing them and lack of method to 
measure/examine them en masse.  Our laboratory developed both a custom array and 
computational methods to circumvent these limitations, and we are finding that microsatellite

 
 

variability is more pervasive and linked with many more diseases
 
than previously thought. This 

study highlights the methodology used to search for polymorphic microsatellites of consequence 
and subsequent identification and characterization of new biomarkers.  

Experimental Approach

Polymorphic (AAAG)n
 
in 5’UTR of ERR-

The AAAG repeat in ERR-
 
is a potential 

marker for breast cancer predisposition

ERR-
 
promoter drives Luciferase

 
activity  

PAX2 might bind the ERR-AAAG repeat

Conclusions and Future Directions
•
 
Based on initial length-based PCR results, there are many more polymorphic

 
 

microsatellites within genes important for neurological development than we initially 
anticipated –

 
identification of new biomarkers for neurological diseases is thus promising.  

•
 
Our high-throughput methodology for studying microsatellites en masse has

 
led to the 

discovery of at least one potential biomarker –
 
a repeat in the 5’UTR of ERR-

 
that 

appears to correlate with breast cancer predisposition. 

•
 
Initial experiments indicates that PAX2 can bind to the AAAG repeat in the 5’UTR of 
ERR-

 
and drive its transcription.  Indeed, knockdown of PAX2 reduces

 
levels of ERR-

 
in 

MCF-7 breast cancer cells. 

•
 
Future work will include investigation of the PAX2-ERR-

 
interaction in the context of 

other hormone markers (ER, PR, HER2) and tamoxifen
 
resistance. The Garner lab will 

continue to search for new microsatellite biomarkers.       

Custom Global Microsatellite Microarray
genomic summated microsatellite content 

Published Human Genome
Individual microsatellite-containing loci

Microsatellite Polymorphisms identified by
 Length-based PCR    

500 bp H1    H2  H3   H4   H5    H6  H7   H8   H9   H10 H11 H12 H13 H14 H15 H16  H17   M  Ch1 Ch2   G1  G2 Or1  Or2

400 bp

300 bp

BC1 B1Bl BC2  B2Bl BC3 B3Bl BC4 B4Bl L1  L1Bl  L2  L2Bl   L3  L3Bl  C C1  CC2 CC3   x

500 bp H1    H2  H3   H4   H5    H6  H7   H8   H9   H10 H11 H12 H13 H14 H15 H16  H17   M  Ch1 Ch2   G1  G2 Or1  Or2

400 bp

300 bp

BC1 B1Bl BC2  B2Bl BC3 B3Bl BC4 B4Bl L1  L1Bl  L2  L2Bl   L3  L3Bl  C C1  CC2 CC3   x

Cancer-free H1: 9 repeats

Breast cancer 2 top band: 19 repeats 

Breast cancer 2 bottom band: 10 repeats 

Homozygous
short

Heterozygous

ESRRG: Estrogen related receptor gamma

A quick gel survey of the ERR-γ

 

locus (A) followed by sequencing (B) are shown. All cancer free

 

humans 
samples (H1-17) possess 7-10 tandem copies of AAAG within the 5’

 

UTR of the ERR-γ

 

gene (18q21.2), while 
breast cancer 2 and 3 (BC2 and BC3, HCC2157 and HCC1187 cell lines, respectively) with their matched 
blood lines (B2Bl, B3Bl), as well as colorectal cancer 3 (CC3, RKO cell line) are heterozygous at the loci, with 
upper bands ranging from 19-21 repeats. To validate polymorphism specificity in human disease, a series of 
animal controls were also used: M = mouse, Ch = chimpanzee, G = gorilla and O = orangutan. 
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Primer testing –

 

gel 2

B1  B1L  B2    B2L   B3   B3L  B4   B4L    L1   L1L            L2   L2L   L3    L3L   C1   C2     C3    C4   NC

Breast Cancer-

 

With matched blood 
line

Lung Cancer-

 

With 
matched blood line

Colon cancer

AAAG repeat in 5’

 

UTR of ETS1
Primers were designed to amplify microsatellites of interest 
(i.e., those within genes important for neurological disease 
or cancer) and subsequently tested using two different 
volunteer DNA samples. As shown (panel A and B), most 
of these regions of interest were polymorphic. Confirmed 
primers are next run against a panel of representative

 

 
disease samples to identify polymorphisms that correlate 
with the disease, such as the example shown in panel C.

Lowest expression Highest expression
Signals are represented as log2(signal)
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ERR-� 9.07 3.09 5.87
ERR-� 6.84 6.00 2.81
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PAX2 7.87 6.76 7.55
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PAX2 is required for ERR-
 
expression  

Based on genotyping of 447 cancer-free volunteers and cancer patients (germlines), the size of the AAAG motif 
ranged between 5 and 21 copies. Carriers (13+ copies) and non-carriers (less than 13 copies) of the longer allele 
for each category of patient are presented. As shown, a statistically significant higher incidence of long allele 
carriers (p value = 0.0195, two tailed Fisher’s exact test) was observed for breast cancer patients (14.3%), 
compared to healthy volunteers (4.8%), which translates to a relative risk ratio of 2.98 (14.3/4.8). 

A. The AAAG repeat sequence (highlighted in red) and 100 bp

 

flanking sequences were examined using the 
Transfac

 

database and TFSEARCH tool (BLAST scores/e values were 44.1-22.3 bits/1e-07-1.7). B. Length-

 
based PCR of AAAG repeat in ERR-. C. Expression of PAX2, ER, and ERR-

 

(provided by Luc Girard’s lab). 
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Choose Individual Loci to Investigate
Microsatellites in promoter regions in or near 

genes implicated in diseases

Functional Analyses
gene expression, knockdown experiments, 
Western blots, luciferase reporter assays

There are ~500,000 microsatellites (at least 18-20 bp

 

long) in the 
human genome. In order to study them systematically, we

 

 
prioritized them based on location (e.g., promoter regions), 
likelihood of being polymorphic (e.g. shorter motifs, longer

 

 
sequence), and their likelihood of contributing to/correlating with 
human disease (e.g., located in genes known or suspected to be 
involved in cancer). Shown in the tables above are generalized 
schemes for narrowing down the search for cancer and 
neurological disease biomarkers.   

Length-based PCR
design primers, test on target disease panels, 

sequence confirmation

Primer testing –

 

gel 1
200 bp

300 bp

400 bp
500 bp
600 bp
700 bp
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A. The correctly oriented (but not reverse oriented, labeled WO)

 

ERR-

 

proximal promoter fragment drove 
higher levels of luciferase

 

reporter gene activity, compared to the pGL3-P backbone alone. Human MCF-7 
breast cancer cells were transfected

 

with either pERR-

 

reporter gene constructs (in correct or reverse 
orientation) or pGL3-P. B. This result was not obtained when MDA-MB-231 cells were used. Luciferase

 

activity 
was measured and mean fold changes compared to pGL3-P are given. Statistics were performed using 
Student’s T-test, with *** = P = <0.001 (compared to pGL3-P). S.E. are given as Y-axis error bars (n = 8). 

A BMCF-7 MDA-MB-231***

A. RT-PCR showing that MCF-7 and MDA-MB cells endogenously express PAX2 (and therefore can be 
used in PAX2 knockdown (kd) studies). B. Gel showing pGIPZ

 

shPAX2 plasmid used for knockdown 
studies. C. Western blot analysis of control (uninfected) and shPAX2 kd

 

cells. As shown, PAX2w as 
successfully knocked down, and this reduced the levels of ERR-. GAPDH was used to ensure equal 
loading. Based on these encouraging preliminary results, we are now isolating the kd

 

clone and

 

 
producing a more appropriate control (scrambled sequence in place of PAX2).  
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All Genes 
(31,188)

Cancer 
Genes 
(7,183)

Neurological 
Genes 
(2,934)

Upstream 4,032 864 365
Downstream 3,609 710 270
3' UTR 5,141 717 299
5' UTR 27,660 6,083 3,265
Intron 166,319 38,464 20,044
Exon 1,124 296 151

Intergenic 299,705

Total 507,590 47,134 24,394

98,601

207,885

500,000

Neurological Diseases

Total in genome

In or near genes

Differ in length
(humans vs

 

chimps)

14,476 Promoter regions
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