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Background—We previously identified a correlation between increased expression of the PI3K 

regulatory subunit p85α and improved survival in human pancreatic ductal adenocarcinoma 

(PDAC). The purpose of this study was to investigate the impact of changes in p85α expression on 

response to chemotherapy as well as the regulation of p85α by microRNA-21 (miR-21).

Materials and Methods—PDAC tumor cells overexpressing p85α were generated by viral 

transduction, and the effect of p85α overexpression on sensitivity to gemcitabine was tested by 

MTT assay. Primary human PDAC tumors were stained for p85α and miR-21 via 

immunohistochemistry and in situ hybridization, respectively. Additionally, PDAC cells were 

treated with miR-21 mimic, and changes in p85α as well as phospho-AKT were assessed by 

western blot. Finally, a luciferase reporter assay system was used to test direct regulation of p85α 

by miR-21.

Results—Higher p85α expression resulted in increased sensitivity to gemcitabine (p<0.01), 

which correlated with decreased PI3K-AKT activation. Human tumors demonstrated an inverse 

correlation between miR-21 and p85α expression levels (R=−0.353, p<0.001). In vitro, 

overexpression of miR-21 resulted in decreased levels of p85α and increased phosphorylation of 

AKT. Luciferase reporter assays confirmed the direct regulation of p85α by miR-21 (p<0.01).

Conclusions—Our results demonstrate that p85α expression is a determinant of 

chemosensitivity in PDAC. Additionally, we provide novel evidence that miR-21 can influence 

PI3K-AKT signaling via its direct regulation of p85α. This data provides insight into potential 

mechanisms for the known relationship between increased p85α expression and improved survival 

in PDAC.
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1. Introduction

Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading cause of cancer-related 

deaths in the United States. As a result of late diagnosis and frequent resistance to 

chemotherapy, the prognosis for PDAC is dismal, with an overall 5-year survival rate of 6% 

[1]. Chemoresistance in PDAC is multifactorial and results from both tumor cell (TC) 

intrinsic and extrinsic mechanisms involving a variety of signaling pathways [2]. A better 

understanding of the molecular alterations driving PDAC progression and treatment 

resistance is necessary to improve the prognosis of this fatal disease.

The phosphoinositide 3-kinase (PI3K) and AKT signaling pathway is activated by diverse 

stimuli, including receptor tyrosine kinases and RAS [3]. Because of its role in cell 

proliferation and survival, alterations in the PI3K-AKT pathway have been described in 

various cancers [4]. In addition to its contribution to cancer development and progression, 

aberrant PI3K-AKT signaling is involved in resistance to various chemotherapeutic agents 

[5]. PI3K class IA molecules, the only members of this kinase family involved in cancer, 

consist of a heterodimer comprised of the p110 catalytic and p85 regulatory subunits [3,4]. 

The major regulatory subunit, p85α, has diverse functions. As a positive regulator, upon 

receptor activation, p85α participates in trafficking of p110 to the cell membrane as the 
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initial step in the PI3K-AKT signaling cascade. As a negative regulator, p85α mediates 

basal inhibition of the p110 subunit. Furthermore, monomeric p85α competes with p85-

p110 dimers for activated receptor binding [6,7]. Therefore, proper regulation of p85α 

expression is necessary to maintain physiologic flux through the PI3K-AKT signaling 

pathway.

The importance of PI3K-AKT signaling is highlighted by the fact that approximately 60% of 

human PDAC tumors exhibit increased AKT activity [8,9]. PI3K-AKT signaling has been 

implicated in PDAC tumorigenesis [9-13] as well as patient outcomes [8,14,15]. Increased 

AKT activation in human PDAC tumors is associated with higher histologic grade [8] as 

well as decreased patient survival [14]. Decreased expression of phosphatase and tensin 

homolog (PTEN), an important negative regulator of PI3K signaling, is the best described 

mechanism of PI3K-AKT activation in PDAC [9,16]. We recently showed that lower 

expression of p85α in resected pancreatic tumors correlates with worse patient survival [15], 

suggesting another potential mechanism for PI3K-AKT dysregulation in PDAC.

While genetic modifications of p85α have been observed in several cancers [17-22], this has 

not been the case in PDAC [23], indicating another mechanism of altered expression. 

MicroRNAs (miR) are small, non-coding RNAs that regulate gene expression by binding the 

3′ untranslated region (3′UTR) of target mRNAs [24]. Changes in miR expression have been 

implicated in a wide range of cancers [25]. In our previous work, we have shown that miRs 

are extensively involved in regulating the expression of survival-associated genes [15]. Of 

particular interest in PDAC is miR-21, which is frequently over-expressed in TCs as 

compared to benign ductal cells and has been linked to proliferation, invasion and 

chemoresistance [26-28]. Additionally, increased miR-21 is correlated with worse patient 

survival [27-29]. MiR-21 is a known regulator of the PI3K-AKT pathway via inhibition of 

PTEN [30-32]. In addition, p85α is a predicted miR-21 target by sequence analysis, 

although this has not yet been experimentally validated.

The objective of this study was to investigate the impact of p85α expression on response to 

chemotherapy as well as the regulation of p85α by miR-21. We hypothesized that negative 

regulation of PI3K-AKT signaling by p85α in PDAC TCs results in increased 

chemosensitivity. We also hypothesized that miR-21 enhances PI3K-AKT signaling by 

downregulating p85α.

2. Materials and Methods

2.1. Cell culture, transfections and transductions

TCs were grown in DMEM (MiaPaCa-2 and PANC-1) or RPMI (Hs766T) supplemented 

with 10% FBS + 1X Penicillin-Streptomycin. PANC-1 cells were used for p85α 

overexpression studies because of their relatively low baseline expression of p85α. 

MiaPaCa-2 and Hs766T were used in miR-21 overexpression studies because of their 

relatively high baseline expression of p85α. For p85α overexpression, lentivirus was 

produced by transfecting HEK 293T packaging cells in polyethylenimine (Polysciences) 

with a 3-plasmid system. DNA for transfections was prepared by mixing pCMV-Δ8.9, 

pCMV-VSVG and pLenti4/V5-DEST. The plasmid pLenti4/V5-DEST-P85 was purchased 
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from Addgene (#40219), and empty vector was generated by removing the p85α coding 

sequence. Lentiviral supernatants were harvested at 24h post-transfection, filtered, and 

frozen at −80°C for long-term storage. PANC-1 cells were transduced with lentivirus in the 

presence of 8μg/ml polybrene (Sigma) for 24h. Cells were then selected for 7 days in 

2.5μg/mL puromycin. Overexpression of p85α was confirmed by western blot. For miR-21 

overexpression experiments, 10nM miScript miR-21 mimic (Qiagen) was utilized. Cells 

were transfected with HiPerfect Transfection reagent (Qiagen), and miR-21 overexpression 

was confirmed by qRT-PCR.

2.2. Western blots

After 72h treatment with or without miR-21 mimic, cells were lysed with 2% SDS buffer 

containing protease and phosphatase inhibitors. Lysates were then sonicated for 15 seconds 

and BCA assays (Thermo Scientific) were performed to measure protein concentrations for 

each sample. 35μg of protein was loaded into each well of a 10% SDS-PAGE gel. Following 

resolution on the gel, samples were transferred to a PVDF membrane, blocked with 5% BSA 

in TBS + 0.1% Tween-20 (TBST), washed ×3 in TBST, then incubated overnight at 4°C in 

5% BSA in TBS containing primary antibody: p85α 1:500 (Abcam, 54586), p-AKT 1:500 

(Epitomics, 2118-1), AKT 1:1000 (Cell Signaling, 4691). β-actin 1:5000 (Sigma, A5441) 

was used as a loading control. Chemiluminescent imaging was performed by incubation 

with anti-mouse-1:10,000 or anti-rabbit- 1:5,000 HRP-conjugated secondary antibody 

(Jackson Labs) and Amersham ECL prime (GE Healthcare Life Sciences) followed by 

visualization on a ChemiDoc XRS+ (BioRad). All experiments were repeated a minimum of 

2 times, and data displayed is from one representative experiment.

2.3. Viability assays

TCs were plated in 96-well plates at a density of 5×103 cells/well in serum containing 

media. The following day, gemcitabine was added at indicated concentrations. After 72h 

incubation, MTT reagent (Molecular Probes) was added to each well and incubated for 4h, 

followed by lysis with 10% SDS in 0.01M HCl. After overnight incubation, absorbance was 

read at 560nm on a microplate reader. All conditions were plated in quadruplicate. All 

experiments were repeated a minimum of 2 times, and data displayed is from one 

representative experiment.

2.4. Immunohistochemistry and in-situ hybridization

For immunohistochemistry (IHC), formalin-fixed, paraffin-embedded tumor samples were 

incubated at 60°C for 1h, deparaffinized in xylene, and rehydrated with graded alcohol 

washes. Slides were then boiled in 0.01M sodium citrate buffer for 15 min followed by 

quenching of endogenous peroxidase with 3% hydrogen peroxide for antigen retrieval. After 

1h of blocking with 5% donkey serum at room temperature, primary antibodies were added 

(p85α 1:100, Epitomics 1675-1; PTEN 1:100, Cell Signaling 9559) and incubated overnight 

at 4°C. Biotin-conjugated anti-rabbit secondary antibody (1:500 Jackson Labs) was added 

and developed using Elite Vectastain ABC kit (Vector Laboratories).

For in-situ hybridization (ISH), slides were deparaffinized and rehydrated as described 

above then washed 3 times with diethyl pyrocarbonate-treated PBS, digested with 5μg/mL 
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proteinase K at 37°C for 30 min, washed again twice with dieth yl pyrocarbonate-treated 

PBS, submerged in graded alcohol for 1 min each, and air-dried completely. Slides were 

then hybridized at 55°C for 2h with 50nM locked nucleic acid-modified digoxigenin-labeled 

probes for miR-21 (Exiqon). After hybridization, stringency washes were performed at 55°C 

with 5×, 1× and 0.2× saline-sodium citrate buffer respectively. The slides were then placed 

in blocking solution for 1h at room temperature, followed by incubation overnight at 4°C 

with alkaline phosphatase-conjugated anti-digoxigenin Fab fragment in blocking solution. 

After three washes in PBS/0.1% Tween-20, the slides were incubated for 4–48h with 4-

nitro-blue tetrazolium and 5-bromo-4-chloro-3′-indolylphosphate substrate (Roche) for 

signal amplification and then counterstained with Nuclear Fast Red (Vector) for 1 min. The 

slides were washed with water, dehydrated in alcohol solutions and mounted with Eukitt 

mounting medium (Electron Microscopy Sciences).

14 resected PDAC tumors were stained as described above for p85α and PTEN (IHC) as 

well as miR-21 (ISH). Each tumor was divided into 25-30 regions which were individually 

scored for staining intensity: 0- negative, 1- low, 2- moderate, 3- high. IHC or ISH scores 

were then grouped into negative (0), low (1) or high (2 or 3) categories. Two independent, 

blinded scorers were used. Any discrepancies in scoring were reviewed by both scorers and 

a consensus score was agreed upon. Scores for p85α or PTEN were compared to those for 

miR-21 to assess for any correlation. The clinical data from the patients whose tumors were 

used for this analysis are presented in Table S1.

2.5. Luciferase reporter assay

Luciferase reporter constructs were generated using the pMIR-REPORT Firefly reporter 

system (Ambion) and a portion of the p85α 3′UTR amplified from human genomic DNA. In 

addition to wild type p85α 3′UTR, a mutant construct was generated via site-directed 

mutagenesis to introduce mutations into the two predicted miR-21 binding sites in the 3′ 

UTR (TargetScan). The AUAAGCU binding sites at position 861-867 and 1107-1113 were 

mutated to AGCGGCU using PfuUltra DNA polymerase (Stratagene) and the following 

primer sequences: site 1- 5′-CTG GGG TGG GGA AGC GGC TTC TGA AGG TAC 

ATT-3′ and 5′-AAT GTA CCT TCA GAA GCC GCT TCC CCA CCC CAG-3′; site 2- 5′-

AAG CAG CTT TGA AGC GGC TCA GGC ACT GCC CAA-3′ and 5′-TTG GGC AGT 

GCC TGA GCC GCT TCA AAG CTG CTT-3′.

HEK 293T cells were plated in 24-well plates (5×104 cells/well) and incubated overnight. 

The following day, cells were co-transfected with 0.05μg p85α 3′UTR reporter construct 

(wild type or mutant) and miR-21 mimic or miScript AllStars Negative Control using 

attractene (Qiagen). The Renilla luciferase construct pRL-TK (Promega) was also included 

in all conditions (0.25μg). Luciferase assays were performed 48h after transfection using the 

Dual-Luciferase Reporter Assay System (Promega) and a microplate reader. Firefly 

luciferase was normalized to Renilla luciferase for each well. Experiments were repeated a 

minimum of 2 times, and data displayed is from one representative experiment.
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2.6. Array analysis

Gene and miR expression array data (GEO accession GSE32688) from our previous study 

[15] were compiled to identify potential miR regulators of p85α. Array analyses are detailed 

in our prior study. Briefly, miR and gene expression arrays were performed on 25 PDAC 

samples with high tumor cell content and compared to 7 benign samples. Predicted miR 

binding sites in the p85α 3′UTR were identified using TargetScan (version 6.2). For our 

analysis, the expression levels of those miRs with predicted p85α binding sites were 

analyzed to identify inverse correlations between candidate miR and p85α as well as to 

compare the expression level of each miR in tumor vs. benign samples. Expression levels in 

tumor vs. benign samples were quantified using the log10 transformed p-value of Student’s 

T-test.

2.7. Statistical Analysis

Statistical analysis was performed with SPSS (version 22, IBM) and GraphPad Prism 

(version 6, GraphPad Software). Student’s T-test was used to compare means between 

groups. Chi-square and Pearson’s correlation were used to identify associations between 

miR-21 and p85α or PTEN histoscores. Image Lab software (BioRad) was used for 

densitometry analysis of western blots. For all experiments, statistical significance was 

defined as P≤0.05. Error bars indicate ± SD.

3. Results

3.1. Increased p85α expression in PDAC TCs results in decreased PI3K-AKT signaling and 
increased gemcitabine sensitivity

Given the positive correlation between p85α expression in PDAC TCs and patient survival 

[15], we sought to investigate the role of p85α in response to chemotherapy. PANC-1 cells, 

which have low p85α expression at baseline, were transduced with p85α or empty 

expression vectors, and response to gemcitabine was assayed via MTT. Overexpression of 

p85α resulted in increased sensitivity to gemcitabine (p<0.01; Fig. 1A). Additionally, 

PANC-1 cells overexpressing p85α exhibited decreased expression of phospho-AKT (p-

AKT), both at baseline and after gemcitabine treatment (Fig. 1B).

3.2. Expression of p85α inversely correlates with miR-21 levels in human PDAC

Because no alterations in copy number were detected to explain differences in p85α 

expression in our previous study [15], we hypothesized that p85α could undergo miR-

dependent regulation. Therefore, the expression data (GEO accession GSE32688) from our 

study was re-analyzed to identify potential miR regulators of p85α. First, miRs with 

predicted binding sites in the p85α 3′UTR were identified using the TargetScan database. 

Next, the array-based expression level of each miR was compared to that of p85α from our 

analysis of high tumor cell content PDAC samples. The 24 candidate miR regulators of 

p85α, based on predicted binding sites and inversely correlated expression levels, are 

summarized in Table 1. Of all the candidates, only miR-21 was found to be significantly 

elevated (p=0.04) in PDAC TCs compared to benign ductal epithelium. Furthermore, 

miR-21 was the only candidate with 2 predicted binding sites within the p85α 3′UTR.
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To further investigate the association between miR-21 expression and p85α as well as 

PTEN, we performed IHC and ISH on resected human PDAC tumor samples. The 

histoscore distributions are shown in Figure S1. Representative images are displayed in 

Figures 2A and S2. The majority of tumors with negative or low p85α expression exhibited 

high miR-21 staining. Conversely, the majority of tumors with high p85α expression had 

negative or low miR-21 staining (Fig. 2B). Chi-square test showed an association between 

p85α and miR-21 expression (p<0.001). Pearson correlation analysis confirmed the inverse 

relationship (R=−0.353, p<0.001). Interestingly, PTEN, a negative regulator of the PI3K-

AKT pathway and a known miR-21 target, did not correlate well with miR-21 expression in 

our analysis (R=0.037, p=0.46; Fig. 2C). There was a modest positive correlation between 

p85α and PTEN expression (R=0.144, p=0.003).

3.3. Overexpression of miR-21 results in decreased levels of p85α and increased PI3K-AKT 
activation

Based on the correlation between miR-21 and p85α expression in human samples, we 

sought to test the effect of direct manipulation of miR-21 on p85α levels. Two PDAC TC 

lines (MiaPaCa-2 and Hs766T) with high baseline p85α expression were treated with or 

without miR-21 mimic for 72h followed by lysis and protein harvest. The basal expression 

of miR-21 for each cell type used as well as the change in miR-21 levels upon mimic 

transfection are reported in Supplemental Figure S3. Overexpression of miR-21 resulted in 

decreased expression of p85α in both MiaPaCa-2 and Hs766T (Fig. 3). PTEN expression 

decreased in response to miR-21 overexpression in Hs766T (Fig. 3B) but not MiaPaCa-2 

(Fig. 3A). Concomitant with the decrease in p85α seen in both cell lines, an increase in 

PI3K pathway activation was observed, as evidenced by increased p-AKT expression (Fig. 

3). To test the functional effect of miR-21 overexpression, PANC-1 cells treated with or 

without miR-21 mimic were tested for gemcitabine sensitivity. Overexpression of miR-21 

led to gemcitabine resistance (Fig. S4), the opposite of the effect of p85α overexpression 

(Fig. 1A).

3.4. p85α is a direct target of miR-21

Having demonstrated an inverse correlation between p85α expression and miR-21 levels in 

both human PDAC tumors and cell lines, we next sought to determine if p85α is regulated 

by miR-21 directly. A luciferase reporter construct was produced containing the 3′UTR of 

p85α and transfected into HEK 293T cells with or without miR-21 mimic. Treatment with 

miR-21 mimic resulted in a reduction of luciferase activity compared to negative control 

(p=0.009; Fig. 4). To more rigorously confirm direct regulation, a construct was produced 

with mutations introduced into the 2 predicted miR-21 binding sites within the p85α 3′UTR. 

Although luciferase activity decreased after treatment with miR-21 mimic in the mutant 

construct, it was significantly higher than the wild type construct (p=0.005; Fig. 4). The lack 

of complete reversal of luciferase activity in the mutant construct may indicate residual 

binding at mutant sites or the presence of additional miR-21 binding sites not identified by 

sequence-based prediction methods.
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4. Discussion

In this study, we expand on our previous findings that p85α mRNA expression is correlated 

with improved survival by demonstrating that increased expression of p85α in PDAC TCs 

results in decreased PI3K-AKT signaling and increased sensitivity to gemcitabine. 

Additionally, we show an inverse correlation between miR-21 and p85α expression levels in 

PDAC TCs as well as human tumors. Finally, we present novel evidence that p85α is a 

direct miR-21 target. Taken together, our data provide novel insight into the regulation of 

p85α expression in PDAC and its potential impact on response to chemotherapy.

While the importance of the PI3K-AKT pathway in PDAC is well known, the role of p85α 

in PDAC initiation and progression has not been widely studied. Although p85α is 

necessary for stabilization and membrane recruitment of the p110 subunit, it also functions 

to inhibit PI3K activity [6]. In most cells, the p85 subunit is present in greater quantities than 

the p110 subunit, resulting in net inhibition of the pathway. As a result, heterozygous loss of 

p85α causes increased PI3K-AKT activity, while homozygous loss results in decreased 

activity [33]. Our finding that p-AKT levels are inversely related to p85α expression in 

PDAC TCs is consistent with these previous observations. The concept that decreased p85α 

expression can be protumorigenic is supported by the fact that lower levels of p85α are seen 

in various cancers when compared to normal tissues [34]. Furthermore, increased p85α 

expression has been linked to a better prognosis not only in PDAC [15] but also breast [35], 

brain [36] and lung [37] cancers. In our study, p85α expression influenced sensitivity to 

chemotherapy, elucidating a potential mechanism for the observed associations with 

survival.

Given the prognostic significance of p85α, understanding its regulation in PDAC is 

important. Here, we show that p85α is a direct target of miR-21. This finding is consistent 

with the presence of predicted miR-21 binding sites in 3′UTR of p85α in miR databases 

such as TargetScan and miRanda. Although enhancement of PI3K-AKT signaling by 

miR-21 has been previously described, this effect has been attributed to the negative 

regulation of PTEN [30-32]. In our study, miR-21 expression was much more strongly 

linked to p85α than PTEN expression. While this finding does not refute the previously 

described regulation of PTEN by miR-21, it does identify an alternative mechanism by 

which miR-21 can regulate the PI3K-AKT pathway. The effect of miR-21 on p85α and 

PTEN may also be inter-related because p85α can act to facilitate PTEN function [38]. 

Furthermore, miR-21 has a wide variety of targets and can regulate PI3K-AKT signaling via 

multiple mechanisms. As an example, miR-21 mediated downregulation of PDCD4 has been 

shown to increase AKT signaling in renal cell carcinoma [39]. Our results support the 

concept that miR-21 can regulate the PI3K-AKT pathway by a variety of mechanisms in a 

tissue specific manner. The mechanistic findings in this study are limited by the fact that 

they were generated via in vitro experiments, and further experiments using in vivo models 

will be necessary to confirm our results. Nevertheless, our data highlight a novel mechanism 

by which miR-21 regulates PI3K-AKT signaling that may be applicable beyond PDAC 

given the frequent dysregulation of both p85α and miR-21 in other cancers.
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The PI3K-AKT pathway is being extensively evaluated as a therapeutic target in various 

malignancies, including PDAC [40]. Preclinical studies in PDAC have demonstrated the 

potential utility of PI3K-AKT inhibition [41,42], and several clinical trials examining both 

PI3K and AKT inhibitors are ongoing [43]. Presumably, inhibition of PI3K-AKT signaling 

is most likely to be effective in tumors with aberrant upregulation of the pathway. We have 

shown that the cascade of miR-21 overexpression resulting in p85α downregulation has the 

potential to cause increased PI3K-AKT signaling and chemoresistance. The impact of 

miR-21 expression on gemcitabine resistance has been well described [26,27,44]. The 

influence of miR-21 on sensitivity to other chemotherapeutic agents, such as 5-FU, has also 

been described in PDAC [28,45,46] as well as other cancers [47,48]. Additional in vivo 

studies will be necessary to confirm the relationship between miR-21, p85α and 

chemosensitivity in a more clinically relevant model. However, our data combined with the 

existing literature raise the compelling possibility that elevated miR-21 and decreased p85α 

may identify a subgroup of PDAC which is resistant to standard chemotherapy and in which 

PI3K-AKT inhibition may be effective.

5. Conclusions

We have demonstrated that p85α expression impacts PI3K-AKT activation as well as 

sensitivity to gemcitabine, the most commonly used chemotherapeutic agent in PDAC. In 

addition, we have shown that miR-21 and p85α expression are inversely correlated in 

human tumors and cell lines, and that p85α is a direct miR-21 target. These observations 

provide new insight into the molecular mechanisms of enhanced PI3K-AKT signaling and 

chemoresistance in PDAC.
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Acknowledgements

This work was supported by the following funding sources: PT and BK- California Institute for Regenerative 
Medicine TG2-01169. TD- Concern Foundation for Cancer Research, Hirshberg Foundation for Cancer Research, 
CURE: Pilot and Feasibility Study NIH/NIDDK P30DK41301, STOP Cancer Foundation, Association for 
Academic Surgery, Digestive Disease Research Center supported by NIH grant P30DK41301

Abbreviations

3′UTR 3′ untranslated region

IHC immunohistochemistry

ISH in situ hybridization

miR microRNA

PDAC pancreatic ductal adenocarcinoma

PI3K phosphoinositide 3-kinase
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Fig. 1. Overexpression of p85α increases sensitivity to gemcitabine and decreases PI3K-AKT 
activation in PDAC TCs
(A) MTT assay comparing the response of p85α overexpressing (p85) and empty vector 

(EV) PANC-1 cells to various doses of gemcitabine. (B) Western blots for p85α and p-

AKT/AKT in EV or p85 PANC-1 cells treated with or without gemcitabine (GEM) for the 

indicated times. **p<0.01.

Toste et al. Page 13

J Surg Res. Author manuscript; available in PMC 2016 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. The expression levels of p85α and miR-21 are inversely correlated in human PDAC
(A) Representative images demonstrating the inverse relationship between p85α and miR-21 

in resected tumors. The distribution of p85α (B) and PTEN (C) staining along with the 

corresponding miR-21 level for the entire cohort is displayed. Each marker was categorized 

as negative, low or high based on histoscores of 0, 1 or 2-3 respectively. 20× magnification.
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Fig. 3. Overexpression of miR-21 in PDAC TCs causes decreased expression of p85α and 
decreased PI3K-AKT activation
After treatment with control transfection reagent (NC) or miR-21 mimic (miR-21), western 

blots were performed for p85α, PTEN and p-AKT/AKT in MiaPaCa-2 (A) and Hs766T (B) 

cells. Expression of p85α, PTEN and p-AKT/AKT were quantified by densitometry.
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Fig. 4. P85α is a direct target of miR-21
HEK 293T cells were transfected with luciferase reporter constructs containing wild-type 

(WT) or mutant (Mut) p85α 3′UTR sequences along with miR-21 mimic or AllStars 

negative control (NC). **p<0.01.

Toste et al. Page 16

J Surg Res. Author manuscript; available in PMC 2016 June 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Toste et al. Page 17

Table 1

Potential miR regulators of p85α

miR Tumor vs. Benign
a

Conserved Sites
b

p85α Correlation
c

miR-21 1.42 2 −0.09

miR-617 −1.13 1 −0.46

miR-525-5p −0.94 1 −0.45

miR-936 −1.52 1 −0.43

miR-488 −3.97 1 −0.41

miR-519 −0.37 1 −0.40

miR-635 −1.28 1 −0.40

miR-486-5p −0.40 1 −0.38

miR-634 0.24 1 −0.34

miR-127-5p −0.84 1 −0.26

miR-498 0.71 1 −0.25

miR-656 0.96 1 −0.24

miR-650 0.03 1 −0.24

miR-1285 0.01 1 −0.22

miR-1229 1.02 1 −0.21

miR-554 −0.31 1 −0.17

miR-548o 0.45 1 −0.16

miR-330-3p −0.53 1 −0.14

miR-455-3p 0.50 1 −0.14

miR-767-5p −1.40 1 −0.10

miR-495 0.38 1 −0.06

miR-221 1.01 1 −0.05

miR-15a 0.23 1 −0.01

miR-548g 0.19 1 −0.01

a
Log-transformed p-value of Student’s T-test comparing expression in PDAC tumor cells vs. normal ductal epithelium based on miR array. A 

positive (negative) value indicates higher (lower) expression in tumor as compared to normal cells.

b
Number of predicted binding sites in p85α 3′UTR for each miR.

c
Correlation coefficient between miR and p85α (mRNA) expression levels in PDAC tumor cells.
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