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Abstract

Background Pancreatic Ductal Adenocarcinoma (PDAC) is among the most aggressive cancers, characterized

by high mortality rates. Studies on various cancers across the globe indicate that regulatory miRNAs play a vital role
in cellular signaling. However, the expression and interactions of these miRNAs in the Pakistani patients with PDAC
is yet to be explored. Here, we aim to investigate a panel of four regulatory miRNAs (miRNA 34a, 30b, 142 and 137)
in PDAC and their interaction with selected target proteins in the signaling pathway (KRAS, p53, BRCAT, APC).

Methods We conducted a study on 109 PDAC patients to analyze the selected miRNAs and protein targets. For-
malin Fixed Paraffin Embedded (FFPE) tumor samples were obtained from the hospital’s department of histopathol-
ogy. After confirmation of diagnosis and appropriate tumor content, tissues were processed for RNA extraction.
Based on the acceptable quality and quantity of RNA, 43 samples were proceeded for gRT-PCR. Relative expression
of the miRNAs was determined through 27 meathod. Further, FFPE tumor blocks were used to perform tissue sec-
tioning followed by immunohistochemistry experiments. Stained slides were scored independently by two patholo-
gists according to set criteria.

Results Expression profiles revealed that miRNA 343, 30b, and 142 showed high expression in approximately 69-70%
of cases, while miRNA 137 had a lower high expression frequency (53.4%). Among protein biomarkers, KRAS, BRCAT,
and APC were predominantly expressed, with high expression levels observed in 79.1%, 69.8%, and 51.2% of cases,
respectively, whereas p53 showed positive expression in only 34.9% of cases. Statistical analysis showed that expres-
sion of MiRNA 34a was significantly associated with the expression of BRCA1 (p=0.034). No significant associations
were observed for KRAS, p53, or APC with the selected miRNAs. Moreover, the expression of miRNA 34a indepen-
dently showed significant association with miRNA 30b (p=0.000) and miRNA 137 (p=0.001). None of the miRNA
showed an association with the overall survival, patient demographics or the clinicopathological characteristics.

Conclusion Our study highlights a potential bi-directional regulatory relationship between BRCA1T and miRNA 34a,
suggesting that miRNA 34a may both respond to and influence BRCA1 activity within cellular signaling pathways.
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This complex interaction points to a layered regulatory network that could play a crucial role in tumor suppression
in PDAC, underscoring the therapeutic potential of targeting this miRNA-protein crosstalk.

Keywords Pancreatic ductal adenocarcinoma, MiRNA 34a, MiRNA 30b, MiRNA 142, MiRNA 137, BRCA1

Introduction

Pancreatic cancer is among the most aggressive forms
of cancer, responsible for the sixth-highest number of
cancer-related deaths worldwide [1]. For patients with
early-stage Pancreatic Ductal Adenocarcinoma (PDAC),
surgery is the primary treatment option and can signifi-
cantly improve survival rates. However, nearly 80% of
patients are diagnosed at an advanced stage, where surgi-
cal intervention is no longer feasible, leaving chemother-
apy as the only treatment option [2]. Despite advances in
surgical techniques and chemotherapy, the 5-year sur-
vival rate remains alarmingly low at 12.5% [3]. Over the
years, Pakistani population has been underrepresented
in global pancreatic cancer research. According to the
International Agency for Research on Cancer (IARC), the
mortality rate for pancreatic cancer in Pakistan is notably
high, reaching a staggering 97% [1]. Despite these con-
cerning statistics, research focused on this population
has been limited, both globally and locally [4].

To address this research gap, our group conducted a
pilot study [5] to evaluate genetic alterations in Pakistani
PDAC patients. Our findings identified pathogenic vari-
ants in key oncogenes and tumor suppressors, including
KRAS, TP53, BRCA1I, and APC, highlighting the unique
genetic profile of PDAC in this underrepresented popu-
lation. The identification of these key genes enabled
an in-depth exploration of their associated regulatory
pathways. Consequently, specific miRNAs (miRNA-34a,
miRNA-30b, miRNA-142, and miRNA-137), known for
their roles in regulating the expression of these genes,
were highlighted. We hypothesize that transcriptomic
alterations in these miRNAs may contribute to the
pathology of PDAC.

It is well established that regulatory microRNAs (miR-
NAs) play crucial roles in key oncogenic signaling path-
ways. miRNAs are small, non-coding RNA molecules
(~19-25 nucleotides in length) that regulate gene expres-
sion by binding to target mRNAs after transcription,
leading to either inhibition or repression of the target
gene expression. miRNAs are pivotal in regulating vari-
ous biological processes, including cell proliferation, dif-
ferentiation, apoptosis, the cell cycle, metabolism, and
immune responses [6, 7]. Reduced expression of miRNA
34a, for instance, has been documented in multiple can-
cers, including leukemia and lung cancer. miRNA 30b,
which is implicated in processes such as differentiation
and inflammation, targets critical proteins like KRAS

and p53, and its decreased expression is associated with
poor prognosis in pancreatic cancer. Similarly, low lev-
els of miRNA 142 and miRNA 137 have been linked to
poor survival in gastric, colon, and pancreatic cancers,
respectively [8—11]. Together, these miRNAs play signifi-
cant roles in cancer biology by regulating key pathways
and molecular targets. Understanding their functions
and interactions in PDAC could open new avenues for
developing targeted therapies and improving patient
outcomes.

In the current study, we investigated these regula-
tory miRNAs (miRNA 34a, miRNA 30b, miRNA 142,
and miRNA 137) and their involvement in the signaling
pathways of KRAS, p53, BRCA1, and APC in PDAC. Our
study further examines the associations of these miR-
NAs with clinicopathological characteristics and patient
survival, aiming to deepen our understanding of PDAC
pathogenesis in this unique patient population. This
approach represents an essential step toward identify-
ing potential therapeutic targets and advancing tailored
treatment options for PDAC patients.

Methodology

Patient enrollment and sample collection

A retrospective cohort study was performed on patients
with PDAC. Initially, a total of 109 Formalin-fixed paraf-
fin-embedded (FFPE) tumor samples were obtained from
the Department of Histopathology at Aga Khan Univer-
sity Hospital (AKUH), Karachi, Pakistan. The study was
conducted in accordance with the Declaration of Hel-
sinki and was approved by the Ethical Review Committee
of AKUH (ERC No. 2023-6278-25,839). The inclusion
criteria were PDAC patients aged 18 years and older
who had undergone biopsy or surgery at AKUH between
January 2014 and December 2022. Informed consent was
obtained from all participants. Patients who did not meet
these criteria were excluded from the study. There was
no gender preference applied during enrollment. Clinical
data were collected by reviewing patient medical records.
Follow-up calls were made at six-month intervals to
monitor their health status. The last follow-up call con-
ducted in June 2024.

Total RNA extraction and quantification

RNA was extracted from the FFPE tumor samples and
adjacent normal tissues using the miRNAeasy FFPE kit
(Qiagen, USA, Cat No. 217504). Adjacent normal tissues,
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confirmed by the histopathologist to be free of malig-
nant cells, served as controls. For both RNA extraction
and quantification, the manufacturer’s recommended
protocol was followed. RNA quantification was carried
out using spectrophotometry DS-11vs (DeNovix, USA).
The Aygy/040 ratio of 2.0 was considered optimal for all the
samples. Based on the acceptable quality ratio and quan-
tity of the RNA extracted from tumor and the adjacent
normal tissues, a total of 43 samples were selected for
downstream processing.

Synthesis of complementary DNA (cDNA)

c¢DNA synthesis was performed using TagMan Micro-
RNA Reverse Transcription Kit miSCRIPT II RT kit
(Qiagen, USA, Cat No. 218160). A total of 10 ng RNA
sample was used to prepare 20 pl reaction mix. Each tube
was placed in the thermal cycler for 60 min incubation at
37 °C followed by 5 min incubation at 95 °C. Further, the
prepared cDNA samples were immediately placed on ice
and diluted (1:20) in RNAse free-water before perform-
ing the miRNA quantification step.

Real-Time PCR (RT-PCR) quantification of miRNA
expression

Real time PCR was performed using miRNA specific for-
ward and reverse primers, cDNA and miRCURY LNA
SYBR® Green PCR Kit (Qiagen, USA, Cat No. 339345).
Reaction mixture was prepared and cycling conditions
were set according to the manufacturer’s instructions.
After the reaction completion, Ct values were obtained.
For normalizing the expression of the target, U6 primers
were used as internal control in order to calculate ACt for
each sample. U6 primer sequence is as given: Forward:
5-CTCGCTTCGGCAGCACA-3', Reverse: 5-AAC
GCTTCACGAATTTGCGT-3 [12]. Relative expression
of individual miRNA and U6 transcripts was calculated
using 2724 method [13, 14]. miRNA primer sequences
and cycling conditions are given in Table 1.

Sectioning

A senior histopathologist in the research team conducted
Hematoxylin and Eosin (H&E) staining on representative
tissue blocks to confirm the tumor type diagnosis and
ensure adequate tumor content. Tissues with over 20%
tumor cells were selected for further processing. Follow-
ing this, 4 pm sections were cut from each FFPE block
using a semi-automatic microtome (pfm Rotary 3005 E,
pfm medical, Germany). The sections were then trans-
ferred to a floating hot water bath to remove any wrinkles
before being placed onto charged glass slides (FLEX IHC
Microscope Slides, K8020, Dako, Denmark).
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Table 1 Cycling conditions and primer sequences for miRNAs

miRNAs Primers Reference

miRNA 34a  Forward: 5—TGGCAGTGTCTTAGCTGGTTG—3" [15,16]
Reverse: 5'—GGCAGTATACTTGCTGAT
TGCTT—3'

miRNA 30b  Forward: 5'- CGCGCTGTAAACATCCTACAC =3"  [17]
Reverse: 5'- GTGCAGGGTCCGAGGT —3'

mMiRNA 142 Forward: 5-AACTCCAGCTGGTCCTTAG-3' [12]
Reverse: 5'-TCTTGAACCCTCATCCTGT-3'

mMiRNA 137 Forward: 5'-GCTCCTCAGGTCGAACCTATTG-3"  [18]

Reverse: 5'-CCGACGCTATTGCTTAAGAATACG
-3

Immunohistochemistry

The optimal experimental conditions for each anti-
body were initially determined based on the manufac-
turer’s guidelines. Immunohistochemical analysis was
performed on a specific panel of proteins (KRAS, p53,
BRCA1, APC) using either the EnVision FLEX High pH
(Link) system (K8000221, Dako, Denmark) or the Low pH
(Link) system (K800521-2, Dako, Denmark). Tumor sec-
tions were deparaffinization and rehydrated using xylene
followed by a graded series of ethanol solutions (100%,
90%, 70%, and 50%). Antigen retrieval was performed
using a high pH method for p53, while the remaining
antibodies were processed using the low pH method. The
slides were then immersed in retrieval solution (K8004,
Dako, Denmark) and incubated at 90 °C for 40 min. Cel-
lular peroxidase activity was blocked using 0.03% hydro-
gen peroxide solution (S2023, Dako, Denmark).

Slides were incubated with primary antibodies at
room temperature for the optimized durations as speci-
fied in Table 2, followed by incubation with Horse Rad-
ish Peroxidase (HRP)-conjugated EnVision secondary
antibodies (labeled-polymer Rabbit/Mouse, Dako,
Denmark) under the same conditions as the primary
antibodies. Between each step, slides were washed
using Tween 20 and Tris-buffered saline containing
wash buffer (S3006, Dako, Denmark). Diaminobenzi-
dine (DAB) chromogen (GV825, Dako, Denmark) was
used to visualize the antibody-antigen reactions. All
slides were counterstained with hematoxylin (CS70030,
Dako, Denmark), then dehydrated through a reverse
series of graded ethanol solutions (50%, 70%, 90%, and
100%) before coverslips were mounted using a tolu-
ene-free mounting medium (CS705, Dako, Denmark).
Positive and negative controls were included in each
batch to validate the results. Negative control slides
were processed by incubating tissue with saline instead
of the primary antibody. The evaluation and scoring
of immunohistochemical results were carried out by
two independent pathologists using a microscope at
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20—40 x magnification. Scoring criteria were estab-
lished for each antibody, and any discrepancies between
the observers were resolved using a conference micro-
scope. Details on positive controls, expression patterns
and scoring criteria for each antibody are provided in
Table 2.

Statistical analysis

The statistical analysis was performed using SPSS® ver-
sion 23. Paired t test was used to evaluate the difference
in miRNA expression between the tumor and the normal
tissues. Pearson’s Chi-square test or Fisher’s exact test
(as appropriate) was employed to assess the association
between categorical variables. Survival analysis was con-
ducted using the Kaplan—Meier method and log-rank
test. A value of p<0.05 was considered significant for all
analyses.

Results

Patient demographics and tumor clinicopathological
characteristics

A total of 43 patients were analyzed in the valida-
tion cohort. The cohort comprised 21 males (49.8%)
and 22 females (51.2%). The majority of patients were
over 40 years old (90.6%), with only 4 patients (9.4%)
aged 40 years or younger. The mean age of the cohort
was 57+12.668 years. Diabetes comorbidity was also
assessed, revealing a positive status in 51.2% of patients.
The primary tumor sites were distributed as follows:
28 patients (65%) had tumors in the pancreatic head, 3
(6.9%) had tumors in the body or tail, and the specific
site in the pancreas was unknown in 12 patients (27.9%).
In terms of T stage (tumor size), 6 patients (13.9%) were
classified as T1, 24 (55.8%) as T2, and 13 (30.23%) as T3.
Lymph node involvement, as indicated by the N stage,
showed that 12 patients (27.9%) were classified as NO,
19 (44.1%) as N1, and 12 (27.9%) as N2. According to the
American Joint Committee on Cancer (AJCC) staging,
6 patients (13.9%) were in Stage I, 28 (65.1%) in Stage II,
and 9 (20.9%) in Stage IIL.

Histological differentiation revealed that 6 tumors
(13.9%) were well differentiated, 30 (69.7%) were moder-
ately differentiated, and 7 (16.2%) were poorly differenti-
ated. Lymphovascular invasion was present in 7 patients
(16.2%), while it was absent in 36 patients (83.7%). Peri-
neural invasion was observed in 17 patients (39.5%),
while 26 patients (60.4%) showed no evidence of perineu-
ral invasion. At the time of data collection, 39 patients
(90.7%) were deceased, and 4 patients (9.3%) were alive.
Detailed demographics and clinicopathological charac-
teristics are described in Table 3.
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Expression profile of regulatory miRNAs and proteomic
biomarkers

In our analysis of miRNA expression levels among the
subset of 43 PDAC patients, the majority exhibited high
expression levels across the selected miRNAs. Specifi-
cally, miRNA 34a showed high expression in 30 patients
(69.7%) and low expression in 13 patients (30.2%).
miRNA 30b was highly expressed in 29 patients (67.4%)
and had low expression in 14 patients (32.5%). Similarly,
miRNA 142 displayed high expression in 30 patients
(69.7%) and low expression in 13 patients (30.2%). In
contrast, miRNA 137 had a relatively lower prevalence of
high expression, with 23 patients (53.4%) showing high
expression and 20 patients (46.5%) showing low expres-
sion (Table 4). Moreover, no significant difference was
observed between the expression of the selected miRNAs
in the tumor tissues and normal tissues (Fig. 1).

For the KRAS protein, 34 patients (79.1%) exhibited
positive expression, stratified into mild (10 patients,
29.4%), moderate (7 patients, 20.5%), and strong expres-
sion (17 patients, 50%). Nine patients (20.9%) showed no
detectable KRAS expression. p53 expression was posi-
tive in 15 patients (34.9%), with 6 patients (40%) each
displaying mild and moderate expression, and 3 patients
(20%) showing strong expression. Negative expression
of p53 was observed in 28 patients (65.1%). BRCA1 pro-
tein expression was positive in 30 patients (69.8%), with
high expression in 17 patients (56.6%) and low expression
in 13 patients (43.3%). Thirteen patients (30.2%) were
negative for BRCA1 expression. APC protein expression
analysis showed that 22 patients (51.2%) had high expres-
sion, while 21 patients (48.8%) exhibited low expression
(Table 4). Figure 2 show the expression of the selected
proteomic biomarkers in PDAC tumor samples.

Association of regulatory miRNA with proteomic
biomarkers, demographics and clinicopathological
characteristics

In a cohort of 43 patients, the expression levels of miRNA
biomarkers (miRNA 34a, miRNA 30b, miRNA 142,
and miRNA 137) were analyzed in relation to patient
demographics, tumor characteristics, and protein bio-
marker expression profiles. Among patients older than
40 years, high expression of miRNA 34a was observed in
86.7%, whereas no low expression was detected in those
aged <40 years. Similar trends were noted for miRNA
30b and miRNA 137, which also showed predominant
expression in patients over 40. Analysis of gender and
diabetes status showed a relatively balanced distribution
of miRNA expression, with no significant differences
observed in the expression levels of any miRNA biomark-
ers based on gender or diabetes comorbidity status.
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Table 3 Patient demographics and tumor clinicopathological
characteristics of the validation cohort (N=43, 100%)
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Table 4 Biomarkers (miRNAs and proteins) expression profile of
the cohort (N=43, 100%)

Variables Frequency (%) Biomarker Frequency (%)
Gender miRNA 34a Expression
Male 21 (49.8) High expression 30 (69.7)
Female 22 (51 Low expression 13(30.2)
Age Group miRNA 30b Expression
<40 years 4(94) High expression 29 (674)
>40 years 39 (90.6) Low expression 14 (32.5)
Diabetes Status miRNA 142 Expression
Yes 22(51.2) High expression 30 (69.7)
No 21 (48.8) Low expression 13(30.2)
Tumor site miRNA 137 Expression
Head 28 (65) High expression 23 (534)
Body/tail 3(6.9) Low expression 20 (46.5)
Specific site in pancreas unknown 12(27.9) KRAS Expression
T stage (tumor size) Positive expression 34(79.1)
i 6(139) - Mild 10 (29.4)"
™ 24 (55.8) - Moderate 7(205)
T3 13(30.23) - Strong 17 (50)°
N stage (lymph node involvement) Negative expression 9(20.9)
NO 12(27.9) p53 Expression
N1 19 (44.1) Positive expression 15 (34.9)
N2 12(27.9) - Mild 6 (40)"
AJCC stage* - Moderate 6 (40)°
[ 6(13.9) - Strong 320
Il 28 (65.1) Negative expression 28 (65.1)
Il 9(20.9) BRCA1 Expression
Histological differentiation Positive expression 30 (69.8)
Well differentiated 6(13.9) - High expression 17 (56.6)"
Moderately differentiated 30 (69.7) - Low expression 13(433)
Poorly differentiated 7(16.2) Negative expression 13(30.2)
Lymphovascular invasion APC Expression
Present 7(16.2) High expression 22(51.2)
Absent 36 (83.7) Low expression 21 (48.8)
Perineural invasion
Present 17 (39.5)
Absent 26 (60.4) OR=12.833), suggesting these miRNAs may play a role
Health Status in perineural invasion pathways. Analysis of protein bio-
Dead 39(90.7) markers demonstrated that while miRNA expression lev-
Alive 4(9.3)

" Staging criteria by American Joint Committee on Cancer

Tumor invasion characteristics revealed noteworthy
trends. Patients exhibiting lymphovascular invasion tended
to have higher miRNA 34a and miRNA 30b expression,
though these associations were not statistically significant
(p=0.057 and p=0.260, respectively). In contrast, a sta-
tistically significant association was identified between
perineural invasion and elevated miRNA 34a (p=0.000,
OR=21.667) as well as miRNA 137 expression (p=0.001,

els did not show significant correlations with KRAS or p53
expression, a notable association was identified between
BRCAI1 expression and high miRNA 34a levels (p=0.034,
OR=8.000), underscoring a potential interaction between
miRNA 34a and BRCAL in the tumor microenvironment.
Details of association analysis are shown in Table 5.

Association of regulatory miRNA, proteomic biomarkers,
demographics and clinicopathological characteristics

with overall survival

Mean survival of the cohort was 14.23 +16.308. Among
the total of 43 patients, 39 (90.7%) died during the study
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Fig. 1 Expression levels of the selected miRNas between tumor tissues and normal tissues —a miRNA 34a, b miRNA 30b, miRNA 142, d miRNA 137

Fig. 2 Positive expression of the selected proteins in the study cohort, a KRAS, b p53, ¢ BRCA1, d APC (magnification — 10X, scale — 51 um)
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Table 5 Association of selected miRNA biomarkers with patient demographics, tumor clinicopathological characteristics and selected
protein biomarkers — N=43 (100%)

miRNA 34a expression

miRNA 30b expression

miRNA 142 expression

miRNA 137 expression

HighA Low HighA Low HighA Low HighA Low

Age group
<40 years 4(133) 0(0) 4(138) 0(0) 3(10) 1(7.7) 143) 3(15)
>40 years 26 (86.7) 13 (100) 25(86.2) 14 (100) 27(90) 12(923) 22(95.7) 17 (85)
p-value (odds ratio) 0.167 (0.867) 0.145 (0.862) 0.811(1.333) 0.230 (0.258)

Gender
Female 15 (50) 7(53.8) 14 (483) 8(57.1) 16 (53.3) 7(53.8) 12(52.2) 10 (50)
Male 15 (50) 6(46.2) 15(51.7) 6(42.9) 14 (46.7) 6(46.2) 11(47.8) 10 (50)
p-value (odds ratio) 0817 (1.167) 0.586 (1.429) 0.665 (0.750) 0.887 (0.917)

Diabetes status
Yes 14 (46.7) 8(61.5) 16 (55.2) 6(42.9) 18 (60) 4(30.8) 12(52.2) 10 (50)
No 16 (53.3) 5(385) 13 (44.8) 8(57.1) 12 (40) 9(69.2) 11 (47.8) 10 (50)
p-value (odds ratio) 0.370(1.829) 0.449 (0.609) 0.078 (0.296) 0.887(0.917)

Lymphovascular invasion
Present 7(233) 0(0) 6(20.7) 1(7.1) 4(133) 3(23.1) 5(21.7) 2(10)
Absent 23(76.7) 13 (100) 23(793) 13 (92.9) 26 (86.7) 10 (76.9) 18 (78.3) 18 (90)
p-value (odds ratio) 0.057 (0.767) 0.260 (3.391) 0427 (0.513) 0.298 (2.500)

Perineural invasion
Present 14(11.9) 0(0) 14 (483) 3(214) 13 (433) 4(30.8) 10 (43.5) 7(35)
Absent 3(23.1) 10 (76.9) 15(51.7) 11 (78.6) 17 (56.7) 9(69.2) 13 (56.5) 13 (65)

miRNA 34a expression
High 26 (86.7) 4(133) 21(70) 9(30) 21(70) 9(30)
Low - 3230 10 (76.9) 9(69.2) 4(30.8) 2(154) 11(84.6)
p-value (odds ratio) - 0.000 (21.667)* 0.960 (1.037) 0.001(12.833)*

miRNA 30b expression
High 26(89.7) 3(103) - - 20 (69) 9(31) 19 (65.5) 10 (34.5)
Low 4(286) 10(714) - - 10(71.4) 4(286) 4(286) 10(71.4)
p-value (odds ratio) 0.000 (21.667)* - 0.869 (0.889) 0.023 (4.750)*

miRNA 142 expression
High 21(70) 9(30) 20 (66.7) 10(33.3) - - 18 (60) 12 (40)
Low 9(69.2) 4(30.8) 9(69.2) 4(30.8) - - 5(385) 8(61.5)
p-value (odds ratio) 0.960 (1.037) 0.869 (0.889) - 0.193 (2.400)

miRNA 137 expression
High 21(913) 2(87) 19 (82.6) 4(17.4) 18 (783) 5(213) - -
Low 9 (45) 11(55) 10(50) 10 (50) 12 (60) 8(40) - -
p-value (odds ratio) 0.001 (12.833)* 0.023 (4.750)* 0.193 (2.400) -

KRAS expression
Positive 23(76.7) 11 (84.6) 24(82.8) 10(714) 24 (80) 10 (76.9) 18(78.3) 16 (80)
Negative 7(233) 2(154) 5(17.2) 4(286) 6(20) 3(23.1) 5(21.7) 4(20)
p-value (odds ratio) 0.556 (0.597) 0.392(1.920) 0.820 (1.200) 0.889 (0.900)

p53 expression
Positive 9(30) 6(46.2) 12 (41.4) 3(21.4) 11(36.7) 4(30.8) 9(39.1) 6(30)
Negative 21(70) 7(53.8) 17 (58.6) 11(78.6) 19(63.3) 9(69.2) 14 (60.9) 14 (70)
p-value (odds ratio) 0.307 (0.500) 0.198 (2.588) 0.709 (1.303) 0.531 (1.500)

BRCAT1 expression
Positive 18 (60) 12(92.3) 19 (65.5) 11(78.6) 23(76.7) 7(53.8) 16 (69.6) 14 (70)
Negative 12 (40) 1(7.7) 10 (34.5) 3(21.4) 7(233) 6(46.2) 7 (30.4) 6(30)
p-value (odds ratio) 0.034 (8.000)* 0.382(0.518) 0.135(2.816) 0.975 (0.980)

APC expression
Present 16 (53.3) 6(46.2) 14 (483) 8(57.1) 13 (433) 9(69.2) 13 (56.5) 9 (45)
Absent 14 (46.7) 7(53.8) 15(51.7) 6 (42.9) 17 (56.7) 4(308) 10 (43.5) 11(55)
p-value (odds ratio) 0.665 (1.333) 0586 (0.700) 0.119(0.340) 0.451(1.589)

" Significant association (p < 0.05), AReference for odds ratio
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period. We examined the association of demographics,
clinicopathological characteristics, regulatory miRNAs,
and proteomic biomarkers with overall survival. Age
and gender were not significantly associated with sur-
vival outcomes, with median survival months of 11 for
patients <40 years and 10 for those >40 years (p=0.578).
Tumor location also showed no significant impact on
survival (p=0.416). However, significant associations
were observed with tumor stage (T stage), nodal involve-
ment (N stage), and AJCC stage. Patients with T1 tumors
had a median survival of 21 months, significantly higher
than those with T2 (11 months) or T3 tumors (2 months;
p=0.000). Similarly, patients with NO nodal status had a
median survival of 20 months, compared to 11 months
for N1 and 1 month for N2 (p=0.000). Higher AJCC
stages were also associated with decreased survival, with
stage I patients showing a median survival of 34 months,
versus 11 months for stage II and 1 month for stage III
patients (»p=0.000). Histological differentiation, lympho-
vascular invasion, and perineural invasion did not show
significant associations with overall survival.

Among the miRNAs, higher expression levels of
miRNA 34a, 30b, and 142 correlated with slightly bet-
ter survival rates, though these associations did not
reach statistical significance (p=0.158, p=0.113, and
p=0.069, respectively). miRNA 137 expression was
also found to be non-significant, with patients exhibit-
ing high miRNA 137 expression having a median sur-
vival of 10 months compared to 11 months in those with
low expression (p=0.092). Protein biomarkers includ-
ing KRAS, p53, BRCA1, and APC were also evaluated.
Survival duration of the patients with positive KRAS
expression was skewed towards a higher median survival
of 11 months compared to 4 months in KRAS-negative
patients, though this trend was not statistically signifi-
cant (p=0.052). No significant associations with survival
were found for p53, BRCA1L, or APC expression. Details
of association analysis are shown in Table 6 and Fig. 3.

Discussion

In this study, we investigated a panel of four regulatory
miRNAs (miRNA 34a, 30b, 142, and 137) in PDAC and
their interactions with specific target proteins within key
signaling pathways (KRAS, p53, BRCA1, and APC). Pre-
cision medicine has become increasingly crucial in can-
cer treatment, providing tailored therapeutic strategies
that enhance patient outcomes. Numerous studies have
focused on identifying precision medicine targets, espe-
cially molecular biomarkers such as genetic mutations
and specific protein expressions [5, 23]. Among these
biomarkers, miRNAs stand out for their regulatory roles
in gene expression and their potential as therapeutic tar-
gets. Our aim was to identify miRNA-based molecular
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Table 6 Association of demographics, clinicopathological
characteristics, regulatory miRNAs and proteomic biomarkers
with the overall survival of the patients (N=43, 100%)

Overall Survival

Variables Patients Median p-value
Survival
Months

Age Group
<40 years 4 1 0.578
>40 years 39 10

Gender
Male 21 10 0.270
Female 22 11

Tumor site
Head 28 1 0416
Body/tail 3 13
Specific site in pancreas 12 9

unknown

T stage
T 6 21 0.000*
T2 24 M
T3 13 2

N stage
NO 12 20 0.000*
N1 19 1
N2 12 1

AJCC stage
\ 6 34 0.000*
I 28 11
M1l 9 1

Histological differentiation
Well differentiated 6 8 0.125
Moderately differentiated 30 11
Poorly differentiated 7 2

Lymphovascular invasion
Present 7 20 0.388
Absent 36 10

Perineural invasion
Present 17 1 0414
Absent 26 8

miRNA 34a expression
High 30 1 0.158
Low 13 9

miRNA 30b expression
High 29 1 0.113
Low 14 9

miRNA 142 expression
High 30 11 0.069
Low 13 5

miRNA 137 expression
High 23 10 0.092
Low 20 1




Alietal. BMC Cancer  (2024) 24:1543

Table 6 (continued)

Overall Survival

Variables Patients Median p-value
Survival
Months
KRAS expression
Positive 34 11 0.052
Negative 9 4
p53 expression
Positive 15 9 0.405
Negative 28 11
BRCA1 expression
Positive 30 11 0.185
Negative 13 8
APC expression
Positive 22 9 0452
Negative 21 11

" Significant association (p < 0.05)

biomarkers with potential for targeted therapies in can-
cer, advancing the field of personalized treatment [24,
25]. We initially examined miRNA expression in all 109
patient samples. However, RNA extraction issues in sev-
eral cases (from both tumor and normal tissues) resulted
in either inadequate RNA yields or A260/280 ratios
outside the acceptable range. Consequently, we pre-
sent miRNA expression analysis here as pilot data from
a subset of 43 PDAC patients (Fig. 1). Most patients in
this subset showed elevated expression levels across all
examined miRNAs, with the highest frequency observed
for miRNA 34a and miRNA 142 (69.7% each), followed
by miRNA 30b (67.4%) and miRNA 137 (53.4%).

Our findings reveal a significant association between
miRNA 34a expression and BRCA1l protein lev-
els (p=0.034). Prior studies have shown that BRCA1l
upregulates both precursor and mature forms of sev-
eral tumor-suppressive regulatory miRNAs, including
miRNA 34a, miRNA 16, and miRNA 145 [26]. Moreover,
significant associations between miRNA 34a and BRCA1,
BRCAZ2, and p53 expression have been documented [27].
Further evidence suggests that BRCA1 overexpression
can markedly enhance miRNA 34a maturation, accelerat-
ing primary transcript processing and boosting levels of
both precursor and mature miRNA 34a forms [28]. Col-
lectively, these studies demonstrate the regulatory impact
of BRCA1 on miRNA 34a expression. However, it is plau-
sible that miRNA 34a might also impact BRCA1 expres-
sion or activity. This bi-directional regulation could
imply a complex regulatory interplay where miRNA 34a
not only responds to BRCA1 but also potentially influ-
ences BRCA1’s function within the cellular signaling
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environment. Furthermore, a similar reciprocal relation-
ship has been documented between miRNA 34a and the
tumor suppressor protein p53, where miRNA 34a both
responds to and regulates p53, establishing a feedback
loop that can amplify tumor-suppressive responses [29—
31]. This parallel raises the possibility of a broader regu-
latory network involving miRNA 34a, BRCA1, and p53,
which may collectively influence key pathways in tumor
suppression within PDAC. Further exploration of these
bi-directional regulatory mechanisms is essential to elu-
cidate novel therapeutic targets within the miRNA regu-
latory network, potentially contributing to advancements
in personalized treatment strategies for cancer patients.
Furthermore, the significant association between miRNA
34a and BRCAL1 expression is reinforced by the pres-
ence of a significant association between miRNA 34a
and two additional tumor-suppressor miRNAs, miRNA
30b (p=0.000) and miRNA 137 (p=0.001), within our
panel. The interconnected expression patterns observed
among these three miRNAs; each known for their regula-
tory functions in cell cycle control, apoptosis, and tumor
suppression alongside BRCA1, point to potential coop-
erative interactions within a broader signaling network.
This suggests that these miRNAs may not act in isolation;
rather, they could interplay with BRCA1 and each other
to modulate key oncogenic and tumor-suppressive path-
ways in PDAC. Such interactions highlight the need for
further research to dissect the precise molecular mecha-
nisms underlying these associations, which may uncover
new insights into how miRNA-mediated regulation can
impact cancer progression and response to therapy. Elu-
cidating these relationships may enable the identification
of novel combinatorial therapeutic targets that harness
the synergistic tumor-suppressive roles of miRNA 34a,
miRNA 30b, miRNA 137, and BRCA1. Further, studies
have shown role of miRNA 34a in metabolic conditions
such as diabetes [32, 33].

miRNA 30b plays a critical role in cellular processes
such as differentiation and inflammation and is known to
target KRAS and p53. Decreased expression of miRNA
30b is linked to poor prognosis in pancreatic cancer.
Overexpression of miRNA 30b induces G1 cell cycle
arrest and apoptosis by directly binding to the 3'UTR of
KRAS mRNA, thereby downregulating KRAS. In con-
trast, KRAS promotes cell proliferation and apoptosis in
colorectal cancer (CRC) cells, and increased miRNA 30b
expression has been shown to significantly reduce cell
invasion and migration in CRC [34]. Similarly, in hepa-
tocellular carcinoma, miRNA 142 regulates the Wnt/
PCP pathway by targeting Racl, suppressing cancer cell
migration [35, 36]. Likewise, miRNA 137 modulates the
Wnt/B-catenin and TGF-p pathways, and its downregu-
lation is associated with increased cell proliferation and
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Fig. 3 Association of clinicopathological characteristics and miRNA expression with overall survival of the patients —a T stage, b N stage, ¢ AJCC
stage, d miRNA 34a, e miRNA 30b, f miRNA 142, g miRNA 137, h KRAS expression, i p53 expression, j BRCA1 expression, k APC expression

growth, mediated by B-catenin nuclear translocation and
inhibition of TGF-f signaling [10, 11]. This negative regu-
lation of the Wnt pathway by miRNA 137 correlates with
elevated APC expression [37]. However, in our study, we
found no significant associations between the expressions
of miRNAs (30b, 142, and 137) and any of the targeted
proteins. Additionally, we observed no significant differ-
ences in miRNA expression between tumor and normal
tissues, nor any associations between miRNA expression
and overall survival. Although literature on the role of
these miRNAs in PDAC remains limited, studies in other
cancers offer some insights. For instance, miRNA 34a has
been shown to be significantly downregulated in PDAC
samples from Chinese and American populations [38,
39], with a significant association observed in a Chinese
cohort (p<0.001) [38]. In an Iranian population, miRNA
34a levels were also markedly lower in esophageal squa-
mous cell carcinoma (ESCC) [40]. Similarly, studies on
Chinese PDAC patients report decreased expression
of miRNA 30b [41, 42], with further findings linking

miRNA 30b expression to perineural invasion (p=0.018),
TNM stage (p<0.001), tumor differentiation (p<0.001),
and overall survival (p=0.0021). Lower expression of
miRNA 30b has also been observed in non-small cell
lung cancer (NSCLC) [43] and gallbladder tumors [44].
In addition, miRNA 142 is significantly downregulated in
various cancers, including PDAC [45, 46] and oral squa-
mous cell carcinoma (OSCC) [47], while miRNA 137
shows decreased expression in PDAC in Chinese popula-
tions [48] and in cholangiocarcinoma [49].

Although most studies report a significant downregula-
tion of these miRNAs, the majority of investigations have
focused on Chinese populations. Further research in
diverse populations is essential to clarify the role of these
miRNAs across different genetic backgrounds. There
are Food and Drug Administration (FDA)-approved tar-
geted drugs available for the protein biomarkers stud-
ied here, such as olaparib, niraparib, and rucaparib for
treating BRCA-related cancers, and sotorasib and adag-
rasib for KRAS G12C mutated Non-Small Cell Lung
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Cancers (NSCLC) [50, 51]. Additionally, MRX34, a syn-
thetic mimic of miRNA 34a encapsulated in a liposomal
nanoparticle, was tested in phase 1 clinical trials in 2013
(NCT01829971), pioneering miRNA therapy in various
solid tumors [52, 53]. Furthermore, studies have shown
that decreased expression of miRNA 142 is associated
with resistance to gemcitabine chemotherapy in pan-
creatic tumors [54]. However, before determining the
clinical utility and implications of these targeted drugs
in PDAC, it is crucial to evaluate the role of these regu-
latory miRNAs in the patient population. The insights
gained from this study on protein profiles and their clini-
cal implications in PDAC could pave the way for per-
sonalized treatment approaches and improved patient
survival. This study has several limitations that should be
acknowledged. Firstly, the sample size is relatively small,
limiting the generalizability of our findings. Addition-
ally, due to the retrospective nature of the study, there
may be inherent biases associated with patient selec-
tion and data completeness. RNA extraction issues led
to a reduced sample subset, impacting the scope of our
analysis. Future studies with larger, multi-centric cohorts
and prospective designs would help validate these find-
ings and explore the role of these miRNAs in PDAC more
comprehensively.

Conclusion

In conclusion, this study provides an insight on the
expression of the selected regulatory miRNAs in the
Pakistani PDAC population along with their asso-
ciation with the signaling pathway protein expression.
To the best of our knowledge, this is the first study
to investigate the combined panel of miRNA 34a,
miRNA30b, miRNA 142 and miRNA 137 in PDAC,
globally. The statistical analyses results indicated a sig-
nificant association between the expression of miRNA
34a and BRCA1 protein. Moreover, the expression of
miRNA 34a independently showed significant asso-
ciation with miRNA 30b and miRNA 137. This study
underscores the regulatory effect of BRCA1 expression
on miRNA 34a expression, with evidence suggesting a
potential bi-directional relationship. While BRCA1 has
been shown to enhance miRNA 34a maturation, our
findings raise the possibility that miRNA 34a may also
influence BRCA1 expression or activity. This complex
interplay implies that miRNA 34a not only responds to
BRCA1 but might actively modulate BRCA1’s function
within cellular signaling pathways. Such bi-directional
regulation suggests a layered regulatory network that
could be central to tumor suppression mechanisms in
PDAC. Future investigations are warranted to fully elu-
cidate these interactions and their therapeutic impli-
cations, potentially advancing personalized treatment
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approaches that harness this miRNA-protein crosstalk
for improved clinical outcomes in PDAC.
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