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Abstract
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Investigation of therapy naive human tumor and adjacent normal tissue biopsies demonstrated
that expression levels of miRN/Ase altered at and between stages of CRC. Targets of these
altered miRNAs are members of the Insulin signaling pathways. Phosphorylation states of
several molecules in the Insulin signaling pathways were altered between stages of CRC, and
significantly te change in molecular phosphorylation state correlated with decreases in
specific miRNAs that target them. This data establishes a direct relationship between d
creased expression of specific miRNAs and increased phosphorylation events in the IGF
pathwayand identifies the IGE pathway as a critical driver of colorectal cancer.

The expression levels of 319 miRNAs and phosphorylation levels of major signaling proteins
were determined. Interestingly, we observed that miRNAReare altered in expression and
several signaling molecules were altered in phosphorylation levels at and between each stage
of CRC. Furthermore, many of the miRNAs that are differentially expressed at each CRC
stage were targeting these same signalinggims identified to be altered in phosphorylation

level. Thus, our studies define a subset of important miRNAs to classify CRC stage and a
relationship between miRNA depression and elevated phosphorylation eflRGpathway

signaling molecules.
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Introduction

Colorectal cancer has been identified as the cause
of more than 50,000 deaths annually in the US alone
and greater than 100,000 new cases will be diagnosed
in 2010 according to the National Cancer Institute.
Within the past two decades several signaling path-
ways have been identified to be dysregulated in CRC
and within the last 10 years, several miRNAs have
been demonstrated to be biomarkers for the presence
of disease. However to date, correlation of miRNAs
with CRC stage is lacking. Since CRC progresses in
distinctive stages, we hypothesized that differences in
mMiRNA expression might exist that would better d e-
fine CRC stage and delineate the importance of
dysregulated events.

All cancers ultimately result from the deregul a-
tion of genetic systems and one of the most powerful
influences of these systems to have been uncovered
within the past 10 years has been miRNAs. A brief
scan of the literature reveals greater than 3000 pubi-
cations curated within NCBI on the association of
Cancer and miRNAs. As our understanding of mi R-
NAs increases we postulate that miRNAs may serve
not only as an indicator of CRC but also as a direct
effector of CRC.

MiRNAs are short 19 8 25 nucleotide stretches of
RNA that base pair with mRNA to form complexes
prior to protein translation and thus halt the expre s-
sion of proteins. miRNAs start as pre-miRNA in the
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nucleus and are cleaved in the cytosol into functional
miRNA by Dicer. miRNAs then interact wi th target
mRNA via interaction with Argonaute 2 and GW -182
[1]. The final fate of the mRNA, i.e. degradation or
sequestration, is dependent upon factors that are still
being elucidated. In either case mRNA translation is
ultimately arrested.

Colorectal cancer begins with the unregulated
cellular growth of aberrant crypt foci in the colon or
rectum and progresses through four stages of devd-
opment. Stage | is classified as cancer in the mucosa
and submucosa of the colon or rectum wall. At Stage
Il the cancer has progressed through the muscle layer
and may have spread to nearby organs. Stage Il is
characterized with cancer spreading to the lymph
nodes and Stage IV has been reached once the cancer
has metastasized throughout the body.

Signaling pathways of CRC show a high degree
of crosstalk and incorporate multiple negative fee d-
back controls. Important molecules in these pathways
have been shown to be altered in phosphorylation
state in CRC and these events can be explained by
their roles in cell growth, diffe rentiation, metabolism,
and metastasis [2,3,4,5,6,7]. Correlation of miRNA
alterations with molecular signaling has been de-
scribed in vitro and in vivo; however this relationship
has not been thoroughly explored in human patient
tumors.

We obtained Tumor and Normal adjacent tissue
of 23 CRC patients (see Fig. 1) who were therapy ma-
ive from Indivumed of Hamburg, Germany. All sa m-
ples were obtained within 5 minutes of excision and
flash frozen for storage and transport. All patient i n-
formation was kept confide ntial in keeping with
Pfizer HI PAA protocol
obtained by Indivumed. Our research indicates that
there is a strong correlation between alterations in a
few miRNAs and CRC stage and progression. We also
identify that kinases that activate members of the
IGF-1 pathways are significantly phosphorylated and
this activation correlates with miRNA status.

Stage |,
3

Stage 1V,
5

Stage I,
6

Stage |ll,
9

Fig. 1. Sample Population by Stage

E a

Materials and Methods

RNA isolation

All RNA samples were prepared from 50mg of
CRC tumor fragments. Tissue homogenization was
performed in Qiazol (Qiagen) and extracted with
Chloroform. Total RNA was isolated with miRNEasy
kit (Qiagen) and assessed for quality with gRT-PCR.

gRT-PCR

10ng of Total RNA was reverse transcribed with
ABIl &8s Taq Ma n Eerseniafsdtiptionrkie (ABI
part number 4366597). Briefly, miRNA specific stem
loop primers are extended in the presence of total
RNA for first strand synthesis. Following first strand
synthesis, TagMan® probes were used in real time
PCR for total RNA quality assessment. sn/snoRNAs;
RNU24, RNU48 and RNU49 (ABI part numbers
4373379, 4373376 & 4373383 respectively) were iut
lized to compare freshly isolated RNA from comme r-
cially available Total Distal Colon RNA (ABI part
number AM6836) for relative expression levels.

Real time PCR was performed with TagMan® 2x
PCR Mastermix, No AmpErase® UNGase (ABI part
number 4324018)

Luminex FlexmiR Human panel Assay

Built upon capture bead technology; the assay is
designed to measure miRNA abundance in a multi-
plex form at by first identifying the capture bead type
and then the amount of miRNA captured. This is
achieved through fluorescent illumination of the
capture beads after hybridization with the total RNA
sample.

c h miRNA targeis @ saptered oy bNAt(Looked s
Nucleic acid) probes attached to the bead and multi-

ple copies of only one miRNA target may be captured

per bead.

Samples are first enzymatically biotinylated and
then combined with the capture beads for hybridiz a-
tion. The captured biotinylated miRNA are treated
with a Streptadvidin -PE conjugate for fluorescent
labeling before measuring miRNA levels. Measur e-
ments were made with the BioPlex 200. Capture bead
dye ratios were measured to determine miRNA target
specificity (thus gating) and then a PE fluorescent
intensity was measured for relative abundance per
bead. Normalization of relative abundance was
achieved through the inclusion of 4 snoRNA capture
beads per multiplexed sample.

Protocol was perf or mend
structions (Luminex part numbers: FlexmiR Human
miRNA panel kit; BG -FMIR-H20-8.0 and Labeling kit
BG-FMIR-L50). In brief, 2.5ug of each sample was
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analyzed for 319 miRNAs and 4 snoRNAs. The Bio-
Plex 200 instrument was calibrated and validated
prior to each assay r urc-
tions.

BioRad 17plex Phosphoprotein detection A s-
say

To detect the phosphorylation states of multiple
kinases simultaneously we utlized the BioRad
17-plex capture bead-based technology. Measure-
ments were made on the BioPlex200. Phosphorylation
of analytes detected in this assay are as follows;

p-Akt (Ser4d), p-ATF-2 (Thr?), p-ERK1/2
(Thr207Tyr 204 Thri8gTyr 18), p-GS K 3 a/ 3YS89,r
p-Histone H3 (Serl?9), p-HSP27 (Sef), p-IGF-IR
(Tyr1130) p-IRS-1 (Sef3¢Ser 639, p-IJNK (Thri8yTyr 189,
p-MEK1 (Serrt/Ser22), p-PDGF Rec e p t’™59,r
p-p38 MAPK (Thr18yTyr 182 p-p53 (Serl5), pp70 S6
Kinase (Thr42YSer424), p-p90RSK (Thrs9YSer 363), p-Src
(Tyr418), p-Stat3 (Tyr705)

Samples were lysed according to BioPlex
Phospho 17-Plex Assay procedures (BioRad Cat#
X70SMXL3DU and Document # 4110018 Rev C).
Sample protein levels were determined by Pierce BCA
assay levels and diluted to 500ug/ml each. 25ul of
each sample lysate and assay controls were measured.

Results

Alterations in miRNA expression

We observed alterations in expression levels of
130 miRNAs when comparing Tumor to Normal le v-
els at and between stages of CRC. (See Table 1 for
expression profiles). Only significant data are re-
ported and all are based upon unpaired t-tests with
significance assigned by p <0.05. Several miRNAs
showed dysregulation at multiple stages when co m-
pared to their normal expression level. Let-7b, Let-7e,
206, 302c*, 3246p26, 330, 370, 376b, 490, 500, 556,

517*, 518a2*, 518b, 518c*, 518f*, 526a, 526b, and 527

were all down regulated at stages Il, Ill, and IV
whereas only miR-21 was significantly up regulated
at stages Il, lll, and IV. A smaller subset of 12 miRNAs
were depressed in tumor expression levels at all

IGF-1 plays a role in CRC and studies show [8] a
correlation between certain SNPs in IRS1 and CRC
[@].rWe meestigated the signaéng évents ithat svbutd u
better delineate the role of IGF-1R signaling in CRC.
To this end we analyzed 17 signaling molecules
known to be associated with oncogenesis and the
IGF-1R signaling pathway from 23 patients at diffe r-
ent CRC stages who were nave for cancer therapies.

Phosphorylation states of signaling molecules
across CRC stage and_correlations to miRNA
alterations

An antecedent of Insulin signaling is ligand
binding to the IGF -1 receptor. IGF1R is a tetrameric
transmembrane protein of the Insulin family of r e-
ceptors. Upon binding of Insulin, IGF -1 or IGF-2 to the
IGF-1 fedeptor, a signaling cascade is put in motion
resulting in increased gene activation, cell cycle pro-
gression, cell growth, differentiation, and an an-
ti-apoptotic effect. These events follow two distinct
arms of signaling pathways with crosstalk and neg a-
tive feedback loops creating a complex network of
communication within the cell. Down one arm is the
PI3K/Akt pathway and down the other is the
Ras/MAPK pathway (Fig. 2).

IGF-IR

IGF-1 and IGF-II are two principal ligands of the
IGF-1R and both have been shown to be upregulated
in cancer [10] thus affecting proliferation, differenti a-
tion, and metastasis. Upon ligand binding, IGF -1R
undergoes autophosphorylation of three critical t yro-
sine residues; Y1131, 1135, & 1136. These events result
in the recruitment and potential tyrosine phosphor y-
lation of IRS-1, IRS2, Shc, and Grb10 all known to
effect oncogenic processes [10]. Both the
PI3K-Akt-mTOR and Raf-MEK-MAPK pathways are
thought to be two important downstream signaling
pathways regulating oncogenesis.

Each signaling cascade takes a divergent path
with some cross talk evident. We found several of
these signaling proteins to be altered in phosphoryl a-
tion level between stages of CRC. We measured Y1131
phosphorylation of IGF -1R as an indication of recep-

stages of CRC; miRNAs 138, 143, 145, 150, 192, 194, 1o activation.

202, 320,382, 503, 519e*, and 526c. Comparisonseb
tween each stage revealed that in most instances with
the progression of CRC stage few significant altera-
tions were observed although significant changes
were observed when comparing tumor to adjacent
normal tissue. The significant finding was that the
majority of altered miRNAs targeted critical signaling
nodes in the Insulin signaling pathway.

Our data shows that as the stage of CRC pb-
gresses there is a significant increase from stages Il to
Ill and stage Il to IV in Y1131 phosphorylation (Fig. 3).

In colon tissue the over-expression of IGFIR in
tumor vs. normal is striking [11] since under normal
physiological conditions the expression and activation
of IGF-IR is tightly controlled.

miRanda, a miRNA target prediction algorithm
employed through the online resource microRNA.org
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[12,13,14,15], identifies 254 miRNAs to potentially = pressed miRNA expression and increased signaling
target IGF-1R.We measured a total of 102 of these molecule phosphorylation is often evident and, as we
miRNAs. Within our data set 47 of these miRNA are will show, will be a reoccurring theme throughout our
significantly altered in expression. (See Table 1 for all  research report.

alterations). It is notable that a correlation of de-

Table 1. Significant &dration of mMiRNA in CRC. Unpairedtiests pvalues < 0.05 reported in gold, Average tumor lev@ls
Average Normal levels at each stage in red (increasing) and green (decreasing) and their respective targets-tRhe IGF
signaling pathway.

Data Normalized T v N at each stage unpaired tailed t-

to snoRNA data tests 1 ] n v
Stage
Stage| Stagell Stagelll IV
hsa-let-7b 0.0268 | 0.0258 |0.0460
hsa-let-7e 0.0042 | 0.0081 |0.0005 P70 S6 Kinase
hsa-miR-10b 0.0381 GSK3 alb
hsa-miR-17-3p 0.0474
hsa-miR-19b 0.0426 Histone H3 ERK1/2 MAPK14
hsa-miR-20a 0.0186 IGF1R p70 S6 Kinase p90RSK ATF2 PDGFRb
hsa-miR-20b 0.0112 IGF-1 P90RSK ATF2 PDGFRb
hsa-miR-21 0.0190 | 0.0043 |0.0501 ERK1
hsa-miR-26a 0.0262 0.0093 p70 S6 Kinase GSK3 alb ATF2 Histone H3
hsa-miR-26b 0.0134 70 S6 Kin GSK3 alb ATF2 Histone H3
hsa-miR-27b 0.0041 p70 S6 Kinase |RS1 MAPK14
hsa-miR-29¢ 0.0481 | 0.0268 | 0.0087 GSK3 a/b PDGFRb
hsa-miR-30e-5p | 0.0115 | 0.0480 0.0457
hsa-miR-33 0.0348
hsa-miR-98 0.0394
hsa-miR-105 0.0509 MAP2K1 ERK1/2 Akt
hsa-miR-106b 0.0229 P9O0RSK ATF2 PDGFRb
hsa-miR-122a 0.0214
hsa-miR-125a 0.0354
hsa-miR-125b 0.0164 | 0.0099 MAPK14
hsa-miR-126 0.0262 | 0.0378
hsa-miR-127 0.0207
hsa-miR-128a 0.0376
hsa-miR-128b 0.0195
hsa-miR-129 0.0145 0.0396
hsa-miR-134 0.0379 GSK3 a/b Histone H3
hsa-miR-138 0.0299 | 0.0046 | 0.0001 |0.0007 GSK3 alb Akt
hsa-miR-142-3p | 0.0300 0.0003 p70 S6 Kinase
hsa-miR-142-5p 0.0441 |0.0228 p70 S6 Kinase GSK3a/b MAP2K1 Akt MAPK14
hsa-miR-143 0.0481 | 0.0030 | 0.0002 |0.0033 ERK1/2
hsa-miR-144 0.0499 p70 S6 Kinase GSK3 alb Histone H3 MAP2K1 ERK1/2 IRS1
hsa-miR-145 0.0011 | 0.0012 | 0.0000 |0.0334 p70 S6 Kinase
hsa-miR-147 0.0190 | 0.0001 0.0318 P70 S6 Kinase
hsa-miR-148a 0.0083 p70 S6 Kinase Histone H3 MAP2K1 IRS1
hsa-miR-150 0.0082 | 0.0005 | 0.0018 |0.0319
hsa-miR-151 0.0085
hsa-miR-152 0.0347 p70 S6 Kinase Histone H3 MAP2K1 IRS1
hsa-miR-154 0.0157 p70 S6 Kinase MAP2K1
hsa-miR-154* 0.0434 P70 S6 Kinase ATF2 MAP2K1
hsa-miR-155 0.0305 0.0293 p70 S6 Kinase GSK3a/b  Histone H3
hsa-miR-181d 0.0036 | 0.0350 p70 S6 Kinase GSK3 alb MAP2K1 ERK1/2
hsa-miR-183 0.0041 |0.0309 IRS1 Akt
hsa-miR-185 0.0126 GSK3 alb Akt PDGFRb
hsa-miR-188 0.0112
hsa-miR-191* 0.0365 PYO0RSK GSK3a/lb ERK1/2 PDGFRb
hsa-miR-192 0.0192 | 0.0020 | 0.0021 |0.0504
hsa-miR-193b 0.0478
hsa-miR-194 0.0072 | 0.0034 | 0.0002 |0.0320 ERK1/2 MAPK14
hsa-miR-198 0.0267 0.0137 p70 S6 Kinase ATF2
hsa-miR-202 0.0107 | 0.0077 | 0.0048 |0.0029 IGF-1R
hsa-miR-206 0.0450 | 0.0003 |0.0003 7 Kin Histone H ERK1/2 IRS1 Akt
hsa-miR-208 0.0108
hsa-miR-215 0.0413 0.0382 [0.0198
hsa-miR-220 0.0065
hsa-miR-224 0.0201 0.0065 p70 S6 Kinase GSK3a/b ATF2 MAPK14
hsa-miR-301 0.0211
hsa-miR-302¢* 0.0037 | 0.0036 |0.0062 7 Kin P90RSK MAP2K1  ERK1/2 Akt
hsa-miR-320 0.0474 | 0.0330 | 0.0272 |0.0092 p90RSK GSK3alb ERK1/2
hsa-miR-324-5p 0.0459 | 0.0057 |0.0019
hsa-miR-325 0.0301 p70 S6 Kinase GSK3 alb
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IRS-1( IRS1)

Of the signaling molecules interacting with
IGF-1R, IRS1 has been proposed to play a pivotal role
in cancer [16]. Originally identified as a signaling i n-
termediate of Insulin receptor, it is now considered
one of the most prominent molecules in the PI3K/Akt
arm of IGF-1R signaling. Following docking to ligand
bound IGF-1R, IRS1 may become tyrosine phaos-
phorylated, and lead to downstream activation of
several canonical (IR/IGF-1R signaling) or non ca-
nonical pathways (non IR/IGF -1R signaling; e.g. ¢-

tokines, integrins, and hormones). The docking to IR
or IGF-1R and subsequent tyrosine phosphorylation
of IRS-1 leads to the activation of the downstream
signaling molecule, PI3K, and subsequent recruitment
and phosphory lation of Akt by PDK1. The over ex-
pression of IRS1 has been observed in numerous
cancers [17] and its activation after docking to IGF-1R
through Y950 recorded in only a few articles [18,19].
IRS-1 tyrosine phosphorylation was however ident i-
fied in 27 of 34 different tumors in Breast Cancer [20]
and in Colon cancer cell lines HT-29 [21] and CT-26
[22]. In each study tyrosine phosphorylation was
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