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Abstract

Metformin may reduce the incidence of breast cancer and enhance response to
neoadjuvant chemotherapy in diabetic women. This trial examined the effects of
metformin on Ki67 and gene expression in primary breast cancer.

Non-diabetic women with operable invasive breast cancer received pre-operative
metformin. A pilot cohort of 8 patients had core biopsy of the cancer at presentation, a
week later (without treatment; internal control), then following metformin 500mg o.d. for
one week increased to 1g b.d. for a further week continued to surgery. A further 47
patients had core biopsy at diagnosis, were randomized to metformin (the same dose
regimen) or no drug, and 2 weeks later had core biopsy at surgery. Ki67
immunohistochemistry, transcriptome analysis on formalin fixed paraffin embedded
cores and serum insulin determination were performed blinded to treatment.

7 patients (7/32, 21.9%) receiving metformin withdrew due to gastrointestinal upset. The
mean percentage of cells staining for Ki67 fell significantly following metformin
treatment in both the pilot cohort (p=0.041, paired t-test) and in the metformin arm
(p=0.027, Wilcoxon rank test) but was unchanged in the internal control or metformin
control arms. Messenger RNA expression was significantly down-regulated by
metformin for PDE3B (phosphodiesterase 3B, cGMP-inhibited; a critical regulator of
cAMP levels which affect activation of AMP-activated protein kinase, AMPK),
confirmed by immunohistochemistry, SSR3, TP53 and CCDC14. By Ingenuity Pathway
Analysis, the Tumour Necrosis Factor Receptor 1 (TNFR1) signaling pathway was most
affected by metformin: TGFB, MEKK were up-regulated and cdc42 down-regulated;
mTOR and AMPK pathways were also affected. Gene Set Analysis additionally revealed
that p53, BRCA1 and cell cycle pathways also had reduced expressed following
metformin. Mean serum insulin remained stable in patients receiving metformin but rose
in control patients.

This trial presents biomarker evidence for anti-proliferative effects of metformin in
women with breast cancer and provides support for therapeutic trials of metformin.
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Introduction

Clinical observations have highlighted metformin as a potential anti-cancer therapy.
Diabetics treated with metformin have a 23% reduced risk of cancer, including breast
cancer, compared to those on sulfonylureas [1] and a lower cancer-related mortality at 36
months [2]. Coincidental use of metformin in diabetics undergoing neoadjuvant
chemotherapy for breast cancer resulted in a higher pathological complete response
(24%), compared to diabetics not on metformin (8%) or non-diabetic patients (16%) [3].

Metformin activates AMP-activated protein kinase (AMPK)[4] by inhibiting
mitochondrial ATP production and thus increasing cellular ADP:ATP and AMP:ATP
ratios [5]. AMPK is involved in regulating energy balance at the cellular and whole body
levels [6, 7] and is activated by stresses that deplete ATP, including glucose deprivation
[8, 9] and hypoxia. Activation of the AMPK pathway by metformin in breast cancer cell
lines reduces cellular proliferation, and is associated with reduced activation of mTOR
and S6 kinase [10]. AMPK activation may be down-regulated in untreated primary
breast cancer [11] suggesting reactivation of the AMPK pathway may inhibit tumours,
sparing normal tissues which already have an active AMPK pathway. Treatment with
metformin induces GO/G1 cell cycle arrest and inhibits cell proliferation independently
of estrogen receptor (ER) and HER?2 in pre-clinical models [12]. The anti-tumour effect
of metformin may also be enhanced by an anti-hyperglycemic effect through suppression
of hepatic gluconeogenesis, reducing the growth-promoting and mitogenic effects of
circulating insulin [13].

The mechanisms of action of metformin in primary breast cancer merit further
investigation [14] and are the subject of on going clinical trials [15]. Given the known
mechanisms of action of metformin, it was hypothesized that treatment with metformin
would reduce tumour proliferation as detected with immunohistochemistry using a
preoperative “window of opportunity” trial design. The effects of metformin on breast
cancer biomarkers in vivo, on serum insulin and clinical side effects in women with
primary, previously untreated breast cancer were also examined.



Methods

Patients

Between July 2007 and August 2009, 55 women with newly diagnosed stage I or II
primary breast cancer, >lcm in size, bone marrow function within normal limits, liver
and renal function tests within 1.5 times normal and with a life expectancy of at least 6
months were recruited (Figure 1). Trial patients had no history of diabetes (and no
evidence of diabetes on blood biochemistry), no concomitant anti-cancer treatment or
investigational drug within one month of study participation. Tayside Local Research
Ethics Committee (07/S1402/19), Medicines and Healthcare products Regulatory Agency
(MHRA) approval and written informed consent from all participants were obtained.

Randomization and masking

The study comprised two cohorts (Figure 1). The initial 8 patients were evaluated as a
pre-planned, non-randomized, feasibility cohort A within the study. The remaining 47
patients were randomized 1:1 in an unblinded treatment vs. non-treatment trial design.
Patients in both cohorts were treated with the same dosing schedule of oral metformin:
500mg daily for one week, increased to 1g twice daily until surgery 1 further week later.
Patients and clinical trial staff were not blinded to metformin use. All tumor samples
analyzed were obtained by 14 gauge core needle biopsy at the given time points
described below. At the time of surgical resection, core biopsies were obtained after the
induction of general anesthesia, just prior to tumour resection. All specimens were
processed identically in the same laboratory by researchers blinded to the treatment
assignment. Samples were anonymized by trial number and remained blinded until
laboratory and statistical analyses were complete. Core biopsies were formalin-fixed for
12 hours at room temperature, processed in a single pathology laboratory and paraffin
embedded (formalin-fixed paraffin-embedded, FFPE) before molecular analysis and
immunohistochemistry.

Patients treated in the pilot Cohort A (n=8) had tumor core biopsies at three time points:
diagnostic cores at clinical presentation; one week later (internal control sample) and
following oral metformin. The third core biopsy was taken at the time of surgical
resection, 2 weeks after starting metformin.

Cohort B patients (n=47) were randomized using a randomization table
(www.Randomization.com) to receive metformin or no medication. Core biopsies were
taken at two time points: diagnosis and at the time of surgery 2 weeks later. The
feasibility cohort suggested a power to reject the null hypothesis that the population
means of the metformin and control groups were equal with a power of 80% and a type 1
error probability of 0.05.

Immunohistochemistry

Immunohistochemical was performed on 4pum sections of FFPE tissues using standard
methodologies. The primary antibodies comprised NCL-L-Ki67-MM1 (Anti-Ki67,
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monoclonal antibody, Leica Microsystems), sc-20793 (anti PDE3B (H-330), polyclonal,
Santa Cruz Biotechnology), DO1 (anti-p5S3 monoclonal antibody [16]), estrogen receptor
alpha (ER) antibody 6F11 (1:200; Novocastra Laboratories Ltd), progesterone receptor
(PR) antibody clone 16 (1:800; Novocastra Laboratories Ltd) and anti-HER?2 antibody
(CB11; Novocastra Laboratories Ltd). Negative controls (lacking primary antibody)
were performed for all staining runs.

Immunohistochemistry was conducted blinded to the clinical data and scored by a single
specialist breast pathologist (LJ). Following light microscopy review, slides were
scanned into a virtual microscopy format using an Aperio ScanScope XT TM (Aperio
Technologies, Vista, Ca., USA) at the x40 objective utilizing standard compression
methodology.

The Ki67 index (percentage of nuclear positive cells) per invasive tumor was calculated
using manual annotation of the virtual microscopy slide by means of a Wacom Bamboo
Pen & Touch tablet device (Wacom Corporation, Saitama Japan) within the WebScope
environment (version 10.2.0.2319) of the Aperio Spectrum Plus system
version 10.2.2.2317. The annotations were assessed by the Aperio IHC nuclear
Algorithm version 10. Only invasive tumor cells were assessed; great care was taken to
exclude normal epithelial, in situ epithelial, stromal and inflammatory elements. A mean
5600 nuclei (range 601-39,788) per invasive tumor was assessed to obtain the Ki67
index. A minimum 1000 invasive tumor cells were examined except for one pre-
treatment and one post-treatment core (601 and 825 cells respectively).

PDE3B (cytoplasmic) and D01 (nuclear) staining were scored utilizing the “QuickScore”
method (intensity and proportion of invasive tumor cells stained) [17]. SSR3 and GINS2
immunohistochemistry was unsuccessful despite extensive work with commercially
available antibodies. ER and PR scoring used the Allred method in line with UK National
Health Service (NHS) Breast Screening Program reporting recommendations [18].

HER?2 scoring was assessed as previously described [19].

Insulin measurements

For cohort B patients, non-fasting venous blood was withdrawn, as per protocol, for
insulin level determinations at diagnostic biopsy and at surgery following induction of
anesthesia. At diagnostic biopsy, performed at the diagnostic breast clinic, the patients
had not been fasted; at surgery, all patients had been fasted for 8 hours and were
receiving intravenous fluids, including 5% glucose. Insulin was measured by the Siemens
Immulite 2000 insulin assay in an accredited NHS clinical biochemistry laboratory and
pair-wise comparison performed using a two sample t-test.

Statistical analyses

For Ki67 analysis, the mean change in Ki67 was calculated between each time point; the
Anderson-Darling test was used to test for normal distribution and parametric (paired t-
test) or non-parametric (Wilcoxon matched pairs signed rank test) statistics applied.
Insulin levels in cohort B patients were compared at diagnosis with insulin levels
following metformin or after no medication using a two sample t-test. A probability of
<5% was considered significant.



RNA Microarray

For RNA microarray analysis, samples from all cohort A patients (n=8), cohort B
treatment group patients who continued metformin to surgery (n=14), and 4/22 randomly
selected patients from the cohort B control group were successfully analyzed (Figure 2).
RNA from the remaining cohort B control samples were not examined due to cost
constraints. Tumor confirmation on a Haematoxylin and Eosin slide was confirmed by
LJ. RNA extraction and Breast Cancer Disease-Specific Array (DSA) gene expression
profiling were performed by ALMAC Diagnostics Group (Craigavon, UK).

RNA was isolated from FFPE tissue section “curls” in RNase-free tubes, the quality of
the RNA samples and single stranded cDNA evaluated by spectrophotometric and
bioanalyzer methodologies (Agilent Technologies UK Limited, Stockport, UK). One
sample from a cohort A patient failed to meet the minimum RNA concentration, so all
samples from this patient were excluded. Arrays were washed, stained and scanned in
accordance with the Affymetrix GeneChip® Expression Analysis technical manual
(Affymetrix UK Ltd., Buckinghamshire, UK).

Data analysis

Two samples were excluded following initial profile quality assessment based on
standard Affymetrix array quality metrics and sample intensity distributions.

Basic Analysis

The data was corrected for background noise, summarized and normalized using RMA in
Partek® Genomics Suite™ software, 6.5 beta © 2009 (Partek Inc., St. Louis, MO, USA).
Principle component analysis (PCA) revealed that the main variance associated with the
first principle component was array quality. An additional transformation based in
singular value decomposition was performed to remove this technical variation. The data
was subsequently log?2 transformed.

Differential Gene Selection:

Reliably detected genes were selected by removing the probe sets with a variance below
the mean global variance. The genes were then filtered based on fold change (> 1.3 for
less stringent and 1.5 for stringent selection) to select the differentially expressed probe
sets between the experimental group (after metformin) and the baseline group (before
metformin). A student’s t-test without multiple testing correction was performed and
significant genes (p-value < 0.05 for less stringent and p-value < 0.005 for stringent
selection) selected for further analysis.

Ingenuity Pathway Analysis (IPA)

Ingenuity Pathway Analysis (IPA) analysis mapped genes differentially expressed
between baseline and follow-up biopsies to biological pathways using the standard
commercial software (IPA, http://www.ingenuity.com)

Gene Set Analysis (GSA)

Gene Set Analysis (GSA) examined whether members of a particular biological pathway
occur toward the top or the bottom of a rank-ordered gene list including all gene
expression measurements ranked by differential expression between baseline and
metformin treatment. This analysis takes into account information from members of a
pathway that would not make it to the top most differentially expressed gene list (used for
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the IPA analysis above). GSA was performed using the BRB Array Tools software
package (http://linus.nci.nih.gov/BRB-ArrayTools.html , US NCI Biometrics Branch)

for 2,987 gene sets collectively representing most known biological and metabolic
pathways in Gene Ontology (GO, http://www.geneontology.org). To be included, a GO
gene set required a minimum of 10 and a maximum of 200 genes. Significance was
estimated with a permutation test (n=1000). The null hypothesis was that the average
degree of differential expression of members of a given gene set between the baseline and
second biopsy was the same as expected from a random permutation of biopsy labels.
IPA software was used to generate pathway figures for the significant gene sets.
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Results

Clinical effects of metformin

Fifty-five non-diabetic women consented to the trial (Figure 1). Despite the careful
design of a feasibility cohort and then a randomized trial, there was withdrawal of
patients due to gastrointestinal toxicity and loss of samples during tissue acquisition or
processing. Thus the numbers in some groups are less than originally designed and the
conclusions need to be interpreted with caution.

In cohort A, 8 patients had core biopsy at three time points; the mean duration of
metformin use was 14 days (range 13-18 days) and no patient withdrew. In cohort B, 47
patients had core biopsy at two time points; 17 women completed the metformin course
(mean 15.9; range 13-21 days) but a further 7 patients withdrew due to gastrointestinal
symptoms including diarrhea, bloating, and/or nausea; 1/23 (4.5%) not receiving
metformin withdrew (no reason given). Symptoms resolved completely after stopping
metformin. No patients had a notable change in tumor size on examination during the 2-
3 weeks of metformin therapy.

Ki67

The mean percentage of cells staining for Ki67 fell after metformin in cohort A by a
mean 5% (p=0.041, paired t-test) and cohort B by a mean 3.4% (p=0.027, Wilcoxon
matched pairs signed rank test), but remained stable in control patients (Table 1; Figure
3).

In pilot cohort A, core biopsies were successfully examined at all three time points
(diagnosis, pre-metformin and post-metformin) in 7/8 patients. In the remaining patient
there was no cancer in the intermediate, pre-treatment, core. In six patients Ki67 fell
significantly with metformin treatment (Figure 3a). The mean percentage of cells stained
for Ki67 increased between baseline and interval core samples, from 9.2% to 10.8% (not
statistically significant). After initiation of the metformin course the mean percentage
dropped by 5.1%, from 10.8% to 5.7% (p=0.041, paired t-test). The fall in Ki67 was
evident in all but one patient between diagnostic and post-metformin cores, and similarly
between interval and post-metformin cores.

In cohort B (Table 1), mean Ki67 and individual Ki67 values fell in all but 2 patients
following metformin (Figure 3b) while the mean Ki67 remained stable (but varied for
individual control patients between the paired biopsies) in the control group (Figure 3c).

Effects of metformin on serum insulin levels

Non-fasting paired baseline obtained at the time of diagnosis and, for comparison, pre-
operative (fasting) insulin levels were successfully obtained in 15/17 of the cohort B
metformin patients who completed therapy and in 20/22 of the controls. There was no
significant change in serum insulin level in the metformin treated patients (Table 2:
p=0.663, two sample t-test; Figure 4a) but a statistically significant increase in serum
insulin in the control group (Table 2: p=0.044, two sample t-test; Figure 4b).



Gene array data

Clinical and pathology data for patients who received metformin and underwent
successful array analysis are shown in Table 3. In cohort A (n=8) there was a loss of
patients due to loss due to lack of tumour in one tissue sample (despite guided
targeting)(n=1) and failure in the microarray processing (n=1) resulting in cohort A
consisting of 6 complete sets of triplicate samples. For the cohort B metformin treated
patients (n= 24), loss of paired pre treatment and post metformin samples was due to the
patient ceasing metformin (n=7) or no tumour/processing failure (n=3 ) leaving 14
patients with paired microarray data. For the control group in cohort B, only 4 patients
underwent paired microarray for financial reasons. Using the differential gene selection
and multiple test correction filters, 63 genes for cohort A (p-value < 0.01) and 145 genes
for cohort B (p-value < 0.005) were considered differentially expressed as a result of
metformin treatment (supplementary Tables 1a and 1b). On matching the stringent gene
lists (p< 0.005 for inclusion) of cohort A and cohort B, Signal Sequence Receptor gamma
(SSR3) was significantly down regulated by metformin in both (Table 4). Using the less
stringent gene lists for cohort A (n=1360 genes) and cohort B (n=1044 genes),
phosphodiesterase 3B, cGMP-inhibited (PDE3B), tumor protein p53 (TP53) transcript
variant 5 mRNA and chromosome 16 clone CTD-25421.18 complete sequence (GINS2)
were down regulated in both.

Immunohistochemistry validation for PDEB3 and p53

As for Ki67, core biopsies were successfully examined with PDEB3 (cytoplasmic
staining only) and p53 (nuclear staining alone) at all three time points in 7/8 patients (as
for Ki67) (Table 5). A fall in PDE3B staining post-metformin was confirmed in 3/7; for
p53, little change was observed. These findings are consistent with and support the
observations made on the mRNA expression platform.

Ingenuity Pathway Analysis

Three hundred and ninety-six probe sets were differentially expressed in pre- and post-
metformin biopsies (p < 0.01) (Table 6), 259 over-expressed and 137 under-expressed in
the post-metformin biopsy (Supplementary Table 1). We mapped these 396 genes into
biological pathways; the most significant top 10 cellular pathways whose members were
altered with metformin treatment are shown on Figure 5. The most prominent pathway
was Tumour Necrosis Factor Receptor 1 (TNFR1) signaling (Supplementary Figure A-1).
The corresponding network figures for metformin regulated pathways (Supplementary
Figures A 1-10) illustrate genes over- or under-expressed in the post metformin biopsy
(Table 7) and their position in the networks. Eight of the top 10 pathways in the
metformin treatment group showed no significant alteration in the control group (Figure
5).

Gene Set Analysis (GSA) results
Ninety-four of the 2987 gene sets examined were affected by metformin treatment (p <
0.01, Efron-Tibshirani test) including 34 that were over-expressed and 60 that were

under-expressed in the post-metformin samples (Supplementary Table 2). To plot the
biological network location of these genes we used IPA software, the genes identified
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through GSA as significantly altered by metformin therapy were mapped onto IPA
networks (Figure 6; Supplementary Figures B 1-10).
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Discussion

This two-stage window-of-opportunity trial has highlighted biomarker and clinical effects
of metformin in women with early breast cancer. Such preoperative, biopsy-based
clinical studies give the opportunity to elucidate the biological effects of drugs on human
tumors in vivo, but have the potential caveats, as here, of small patient numbers,
insufficient sample material and patient withdrawal due to drug toxicity. Ki67 is a
predictive marker for clinical or pathological response in the neoadjuvant setting
(reviewed in [20]) suggesting the significant reduction in cell proliferation identified with
metformin in this study indicates clinical efficacy. In cohort A we attempted to take into
account any effects of core biopsy itself changing Ki67; while there may be differences in
Ki67 between sequential samples of the same tumour without any additional
intervention, the additional influence of metformin was clear (Figure 3). The wide range
of Ki67 values [21] and the ER, PR and HER2 immunohistochemistry in the present
study suggest that there was a different mix of luminal A (Ki67<13% [22]) and luminal
B (Ki67>13% [22]) tumors in the patient groups, possibly contributing to the differences
in mean tumour Ki67. The effects of metformin on luminal A & luminal B tumors have
not been examined separately because the trial was not stratified by luminal status and the
numbers are small.

Three complementary analytical techniques were used to analyze transcriptome profiling
data with subsequent immunohistochemical confirmation of selected genes [23]. This
revealed several consistent and biologically plausible observations despite asymmetry in
the timing of the metformin (day O v day 14) and control (day O v day 7 or day O v day
14) biopsies, and unequal sample sizes of the various cohorts. Due to the small sample
size inherent to window-of-opportunity studies, the results are susceptible to false
discovery and apparent differences between baseline and metformin-treated cohorts could
also be due to false negative findings; therefore, further independent validation will be
required.

The role and regulation of PDE3B (phosphodiesterase 3B, cGMP-inhibited) has been
extensively studied in the regulation of glucose and lipid metabolism, in insulin secretion
and in adipocyte functions [24, 25, 26]. Although malignant beast epithelium was not
micro-dissected free of stroma and thus the combined effect of metformin on both
malignant and stromal cells (including adipocytes) was examined, in 3/8 cancers a fall in
PDE3B protein expression was confirmed by semi-quantitative immunohistochemistry.
This apparent effect of metformin on PDE3B at the mRNA and protein level requires
confirmation in larger studies. Down-regulation of PDE3B by metformin in breast
cancer could alter the phosphorylation and activation of AMPK with consequent
physiological effects. p53 is a key gene which regulates cellular commitment to DNA
replication and cell division [27]. Treatment with metformin selectively inhibits growth
of pS3-deficient colon cancer cells in vivo [28]; while inhibition of breast cancer cell
proliferation in vitro may be independent of p53 status [12]. The down regulation of p53
mRNA expression in vivo identified in response to metformin may reflect reduced DNA
replication and cell division in primary breast cancers in keeping with the Ki67 data. The
signal sequence receptor (SSR), a glycosylated endoplasmic reticulum (ER) membrane
receptor associated with protein translocation across the ER membrane
[www.ncbi.nlm.nih.gov/refseq], and GINS2 have not been previously linked to breast
cancer.
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The exploratory analyses suggesting effects of metformin on key cellular pathways is in
keeping with the prominence of transforming growth factor beta (TGFB) up-regulation
(identified in the Tumour Necrosis Factor Receptor 1 (TNFR1) signaling pathway) for
the inhibition of breast cancer [29] and conversely the failure of the TGFB pathways in
the resistance of breast cancer to tamoxifen [30] . This suggests potential synergism
between metformin and established breast cancer therapies. Similarly, Cdc42 down
regulation, G1/S cell cycle checkpoint regulation, and under expression of p53 signaling
appear compatible with the Ki67 data and transcriptome analyses. The mTOR and
AMPK pathways also confirmed reduced expression in vitro with metformin [4, 5, 10],
and along with metabolism-related genes over-expressed post-metformin merit future
exploration. However, the small numbers of patients and the mixture of breast cancer
subtypes require confirmation of the networks and genes highlighted by the ingenuity
pathway analysis and gene set analysis in future trials with metformin.

Some known effects of metformin, including activation of AMPK and ACC [10, 11],
were not demonstrable in vivo at the mRNA level, reflecting the principle regulation of
these proteins by phosphorylation rather than by transcription. It is proposed to examine
AMPK phosphorylation and downstream MTOR signaling as a separate sub study in
these patients. Other factors may also influence the response to metformin, including the
expression of the organic cation transporter 1 (OCT1), which is required for rapid cellular
uptake of metformin [5].

The insulin levels were measured non-fasting which, with hindsight, limits the
interpretation of the results. Initial blood sampling was at the time of clinical diagnosis
and diagnostic/research core biopsy, and thus patients were not fasted. In the case of the
pre-operative (second) samples, although taken at surgery and patients had been fasted;
patients had intravenous fluids including glucose during anaesthesia. These limitations
applied to both groups of patients and the rise in insulin levels seen in the control group
could be interpreted as a response to fasting and then a glucose infusion. This change was
not seen in the metformin group consistent with the metformin inhibiting
gluconeogenesis in response to fasting and hence reducing the insulin response. This
study confirms an effect of metformin on circulating insulin levels in non-diabetic
patients; however, fasting insulin and glucose measurements at all time points should be
considered for future trials of metformin in non-diabetic women since this study is too
small to establish safety definitively. The gastrointestinal side effects of metformin were
also notable and led to withdrawal of over 20% of women receiving metformin within
this trial. This intolerance may be attributed to the rapid increase in dose required by this
study design in order to reach levels expected to affect the breast cancer prior to surgical
resection [10]. Future trials using metformin may achieve greater adherence to therapy
by increasing metformin exposure more gradually, or by using lower doses of metformin

[15].

This trial has demonstrated clear effects of metformin in women with primary breast
cancer including the down-regulation of tumour proliferation and down-regulation of
PDE3B, a critical regulator of cAMP, which affects the phosphorylation and activation of
AMPK. These are all consistent with the effects of metformin seen in breast cancer cell
lines [13]. Such biomarkers of metformin effect in vivo may be clinically useful in trials
using biguanides in the adjuvant, neoadjuvant and advanced disease settings.
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Figure legends

Figure 1(a): Trial flow diagram. *in 49 patients research cores were not taken at the time
of diagnosis, 22 patients declined, 21 patients went to early surgery and in the remaining
patients other trials or studies were offered, the study was not offered or no reason was
given.

Figure 2: Modified Trial diagram illustrating the source of the samples successfully
analysed for transcriptome. * is for metformin treated samples, # for untreated samples

Figure 3(a) Ki67 expression in cohort A (7 patients): baseline, internal control and
following metformin and (b) in cohort B before and following randomisation to
metformin (15 patients) or (c) control group (20 patients)

Figure 4: Individual paired patient data (n=15) of serum insulin levels at baseline and
after preoperative metformin (a, left hand panel) and (b) in the control patients

Figure 5. Cellular pathways affected by metformin treatment based on differentially
expressed genes

396 significantly differentially expressed genes (p < 0.01) from the metformin treated
group and 1,145 genes from the control groups were loaded into Ingenuity Pathway
Analysis. The 10 most significant pathways in the metformin group are shown by the
black bars. The bars indicate -log p-values calculated by Fisher’s exact test, threshold set
at p=0.05. The white bars indicate the significance level of the same pathways in the
control, untreated, group.

Figure 6. Biological functions defined by GO categories that were affected by metformin
treatment.

All genes that belonged to GO gene sets that were significantly affected by metformin by
gene set analysis were loaded to Ingenuity Pathway Analysis. The 20 most significant
pathways are shown. The bars indicate -log p-values calculated by Fisher’s exact test,
threshold set at p=0.05. The line indicates the percent of genes that map to a given
pathway from the trial list. Panel A shows the results for the gene sets that were up-
regulated following metformin treatment and panel B shows the results for the gene sets
that were down-regulated by metformin exposure
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Supplementary Figure legends

Supplementary Figure A. Gene networks revealed by differentially expressed genes using
t-test

These figures were generated using Ingenuity Pathway Analysis tool loading the genes
that were identified as significantly over or under expressed between baseline and follow-
up biopsies by t-test. (p < 0.01). The top 10 networks are shown, red=genes

overexpressed post-metformin and green=under-expressed post-metformin. White=
pathway member not present in the gene list of interest.

Supplementary Figure B Gene networks revealed by GSA for metformin effect

These 20 figures were generated using Ingenuity Pathway Analysis loading genes that
were significant from the Gene Set Analysis. The genes from Supplementary Table 2
were used and genes were included if parametric p value < 0.1 (red=genes overexpressed
post-metformin, green=under expressed post-metformin, grey=no significant change (p <
0.1), white= pathway member not present in the gene list of interest).

Table 1: Baseline and preoperative Ki67. ¢ paired t-test; * Wilcoxon Matched Pairs
Signed Rank Test).

Group n. Ki67 Mean  SE St Median Min Max P
Mean Dev
Cohort A 7  Baseline 924% 244 647 792 202 21.72
Metformin 0.426"
7  Interval 10.83% 234 620 9.84 1.39 20.79
Cohort A 7  Interval 10.83% 234 620 9.84 1.39 20.79
Metformin 0.041"

7  Preoperative 5.72% 2.03 5.37 4.71 0.60 15.87

Cohort B 17 Baseline 23.56% 3.86 1591 1656  8.94 59.88
Metformin 0.027*
17 Preoperative 20.15% 3.18 13.13 16.45 6.05 45.25

Cohort B 22 Baseline 14.57% 2.43 1138 13.16 131 44.76
Control 0.455*
22 Preoperative 14.54% 3.20 15.03 10.61 0.27 51.15
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Table 2: Baseline and preoperative insulin levels (* two sample t-test).

Group n. Insulin Mean SE St Median Min Max P*
Mean Dev
Metformin 15 Baseline 15.73 3.77 1471  10.00 1.00 48.00 0.663
Preop 16.60 3.22 12.48 15.00 1.00 42.00
Control 20 Baseline 16.05 2.40 10.75 14.00  1.00 39.00 0.044
Preop 29.80 6.01 26.88 22.50 1.00 89.00
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Table 3: Combined clinical and pathological (diagnostic core) data of patients who

received metformin from whom samples successfully underwent transcriptome analysis.

* Fishers exact test.

Cohort A Cohort B p*
(n=6) (n=14)
Age Range (years) 41 -65 44 — 82 N/A
Mean (years) 52.83 63.35
Menopausal status  Pre- and peri- 3 (50%) 2 (14.3%) 0.131
menopausal
Post-menopausal 3(50%) 12 (85.7%)
Tumour type Invasive ductal 6 (100%) 12 (85.7%) 0.478
Histological grade 1 0 (0%) 1(7.14%) 0.783
2 3 (50%) 7 (50%)
3 3 (50%) 6 (42.86%)
Pathological Range (mm) 14 -32 9-75 N/A
tumor size Mean (mm) 24.16 31.28
Estrogen receptor ~ Positive 6 (100%) 11 (78.57%) 0.521
status
Progesterone Positive 6 (100%) 11 (78.57%) 0.521
receptor status
HER?2 status Positive 2(33.33%) 2 (14.28%) 0.549
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Table 4: Differentially expressed genes by metformin in both cohort A and cohort B.

* Student’s t-test.

Gene Description Cohort | Fold p*

name change

SSR3 Signal sequence receptor gamma (translocon- A -1.60 0.009
associated protein gamma) B -1.35 0.007

PDE3B Phosphodiesterase 3B cGMP-inhibited A -1.88 0.007
(PDE3B) mRNA. B -1.99 0.089

TP53 Tumor protein pS3 (TP53) transcript variant 5 A -1.79 0.062
mRNA. B -3.23 0.012

GINS2 Chromosome 16 clone CTD-25421L18 complete A -1.96 0.092
sequence. B -4.57 0.003
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Table 5: Immunohistochemical staining of Ki67, PDE3B, TP53, ER, PR and HER?2 in
cohort A patients. Reduced expression following metformin indicated by bold figures;
increased expression by italics. Scoring of antibody staining as described in the methods.

Patient Ki67 | PDE3B TP53 ER PR HER2
(cytoplasm) | (nuclear)

1 Diagnostic core 2.02 12 4 8 8 2+ (negative)
Premetformin core | 9.84 12 3 - - -
Postmetformin core | 9.43 12 2 - - -

2 Diagnostic core 3.62 18 4 8 8 1+ (negative)
Premetformin core | 8.05 12 4 - - -
Postmetformin core | 2.17 12 4 - - -

3 Diagnostic core 7.38 12 4 8 8 0 (negative)
Premetformin core | 1.39 12 1 - - -
Postmetformin core | 1.65 6 2 - - -

4 Diagnostic core 11.24 |12 1 8 8 1+ (negative)
Premetformin core | 15.66 | 12 2 - - -
Postmetformin core | 0.60 6 2 - - -

5 Diagnostic core 2172 |5 2 8 3 2+ (negative)
Premetformin core | 20.79 |5 2 - - -
Postmetformin core | 15.87 |5 2 - - -

6 Diagnostic core 22.62 |18 1 8 3 2+ (negative)
Premetformin core | N/A N/A N/A - - -
Postmetformin core | 5.56 6 1 - - -

7 Diagnostic core 7.92 12 2 8 6 1+ (negative)
Premetformin core | 12.13 | 12 2 - - -
Postmetformin core | 4.71 12 2 - - -

8 Diagnostic core 10.8 18 2 7 8 0 (negative)
Premetformin core | 7.94 18 2 - - -
Postmetformin core | 5.58 12 2 - - -
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Table 6. Number of significant genes out of 60,856 probe sets

p-value Metformin Controls Common
(n=20) (n=9)
0.1 5972 10519 875
0.05 2725 5792 191
0.01 396 1144 7
0.005 146 554 2
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Table 7 Key genes up regulated or down regulated appearing in the ingenuity pathway

analysis.

Upregulated Downregulated
TGFB Cdc42

MEKK Caspase 2
Cdk4/6 PAKI1

PP2A

14-3-3

HDAC
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Figure 3

Ki67 changes in Cohort A patients
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Figure 4

Plasma insulin levels (mIU/ml)
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Figure 6.

B. Underexpression in post Metformin group

A. Overexpression in post Metformin group
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