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Abstract
Background—MicroRNAs (miRNAs) are involved in cancer pathogenesis, apoptosis and cell
growth, thereby functioning as either tumor suppressors or oncogenes. However, expression
alterations and roles of these miRNAs in pancreatic cancer are largely unknown. We hypothesize
that pancreatic cancer may have a unique miRNA profile, which may play a critical role in pancreatic
cancer development, progression, diagnosis and prognosis.

Methods—Differential expression of 95 miRNAs was analyzed by real time RT-PCR using the
QuantiMir System. All 95 miRNAs chosen for the array are based on their potential functions related
to cancer biology, cell development and apoptosis. The expression of miRNAs for pancreatic cancer
tissue samples or cancer cell lines was normalized to U6 RNA and compared with those in the
relatively normal pancreatic tissues or normal human pancreatic ductal epithelial (HPDE) cells.
Human pancreatic tissue with chronic pancreatitis was also included for analysis.

Results—In the initial analysis, the expression of most 95 miRNAs was substantially changed in
pancreatic cancer tissues (n=5) and cell lines (n=3) compared with relatively normal pancreatic
tissues and HPDE cells. However, each pancreatic cancer tissue or cell type had a substantially
different profiling pattern with other cases or cell types as well as chronic pancreatitis tissue,
indicating the individual diversity of pancreatic cancer. Further analysis was performed on 10
pancreatic cancer cell lines and 17 pairs of pancreatic cancer/normal tissues. Eight miRNAs were
significantly upregulated in most pancreatic cancer tissues and cell lines, including miR-196a,
miR-190, miR-186, miR-221, miR-222, miR-200b, miR-15b and miR-95. The incidence of
upregulation of these eight genes between normal controls and tumor cells or tissues was ranging
from 70% to 100%. The magnitude of increase of these miRNAs in pancreatic cancer samples was
ranging from 3 to 2018 fold of normal controls.

Conclusions—Pancreatic cancer tissues or cell lines have a unique miRNA profiling pattern at the
individual basis as compared with relatively normal pancreatic tissues or cells as well as pancreatitis
tissue. Upregulation of eight miRNAs occurs in the most of pancreatic cancer tissues and cell types.
These miRNAs may share common pathways in pancreatic cancer pathogenesis. This study may
provide useful information for further investigations of functional roles of miRNAs in pancreatic
cancer development, progression, diagnosis and prognosis.
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Introduction
Non-coding RNAs are a class of RNAs that do not encode proteins, while possess regulatory
functions in gene expression. Non-coding RNAs have drawn a great attention in recent years
since.The discovery of small interfering RNAs (siRNAs) and microRNAs (miRNAs) has
substantial impact on gene regulation. miRNAs are a novel class of short (typically 18–23
nucleotides) single stranded RNAs, which are identified as a new family of regulatory
molecules involved in cancer development [1–4]. miRNAs cause posttranscriptional gene
silencing by either inducing target mRNA degradation or by repressing the translation process
upon binding to the 3’-untranslational region (UTR) of their target mRNAs [5]. Mature
miRNAs are excised from stem-loop precursors, which are transcribed as part of longer primary
transcripts. These primary miRNAs appear to be first processed by the RNase Drosha in the
nucleus, after which the precursor miRNAs are exported to the cytoplasm where the RNase
Dicer further processes them.

Regulation of miRNA expression has been demonstrated to play a key role in development,
cell growth and differentiation processes in a variety of eukaryotic organisms [6,7]. Usually,
miRNAs are dysregulated in cancers. Some miRNAs are temporally over-expressed in the
early stage of cancer progression and they act like oncogenes by promoting proliferation and/
or repressing apoptosis. Conversely, some miRNAs with tumor-repressor functions are
downregulated in cancers. miRNA expression profiles may be unique in different tumors and
from different origins. Both normal and malignant cancer tissues may have specific miRNA
expression signatures and show differential expression across tumor types. Several studies have
demonstrated altered miRNA expression profile in various hematological and solid tumor
entities [1,2]. For example, a unique expression signature of only 13 miRNAs differentiated
more aggressive form of chronic lymphocytic leukemia from the benign one and was found to
be associated with the cancer progression [8]. Expression alterations of specific miRNAs
appear to be correlated with clinically malignancy or metastatic phenotypes, and predict the
clinical outcome even better than the mRNA expression data [9–11].

Pancreatic cancer is the fourth leading cause of cancer death in the United States [12]. There
was 37,170 new cases diagnosed, and approximately 33,370 deaths due to pancreatic
adenocarcinoma in 2007 in the United States [13]. Although surgical resection provides a
potential cure, about 70% patients still develop early recurrence within 6–12 months following
surgery. Due to lack for reliable early detection markers, pancreatic tumors are usually in the
advanced stage upon diagnosis. Moreover, pancreatic tumors have a predilection for early
vascular dissemination and metastasis to distant organs. Clearly, the discovery of miRNA
alterations in pancreatic cancer not only helps us to better understand the biology of this disease,
but more importantly provides new prognostic and diagnostic strategies. Due to the high
stability of miRNAs even in poorly preserved specimens, they are expected to be a valuable
tool in clinical research and biomarkers discovery.

By Northern blotting analysis, several studies have shown that particular miRNAs were altered
in pancreatic cancer tumor tissues [14–20]. However, these data are incomplete for many
miRNAs or not consistent among studies due to limitations of methodologies and/or different
conditions and sample sizes of cancer tissues and cell lines. In the current study, we used real
time quantitative PCR, a more reliable detection method, to detect the expression levels of 95
cancer-related miRNAs in well controlled pancreatic cancer specimens and cell lines as well
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as pancreatitis tissues. This study may discover a unique miRNA profiling pattern for
pancreatic cancer and identify important molecular targets for further functional investigations
and for the developments of new diagnostic tools and therapeutic strategies.

Materials and methods
Cell cultures and tissue collections

Human pancreatic cancer cell lines, Panc-1, MIA PaCa-2, BxPC-3, Hs766T, ASPC-1,
Capan-1, Capan-2, Panc3.27, HPAF-II, and PL45, were purchased from the American Type
Culture Collection (ATCC, Rockville, MD). The human pancreatic ductal epithelium (HPDE)
cells were provided as a generous gift from Dr. Ming-Sound Tsao [21,22]. All cells were
cultured as previously described [23–26]. Human pancreatic adenocarcinoma specimens and
their adjacent normal pancreatic tissues (17 pairs) and one pancreatic tissue sample with
chronic pancreatitis were collected from patients who underwent surgery according to an
approved human protocol at the Baylor College of Medicine (Houston, TX).

miRNA extraction and reverse-transcription
Total miRNAs of tissues and cultured cells were extracted and purified using mirVana miRNA
Isolation kit (Applied Biosystems/Ambion, Austin, TX) following the manufacturer's
instructions. Five µl of RNA was directly converted to cDNA with the QuantiMir™ RT System
(SBI System Biosciences, Mountain View, CA).

Real time RT PCR
Differential expression of 95 miRNAs was analyzed by RT-PCR using the QuantiMir System
(SBI System Biosciences). All 95 miRNAs chosen for the array are based on their potential
roles in cancer, cell development and apoptosis. The array plate also included the U6 transcript
as a normalization signal. The miRNA sequences and primer sequences used in RT-PCR were
listed in Table 1. cDNAs from different cell lines and tissue samples were mixed with SYBR®
Green Mastermix (Bio-Rad Laboratories, Hercules, CA) plus the universal reverse primer.
Specific primers (1 µl) were added each well of the qPCR plate. Expression levels of each
mature miRNA were evaluated using comparative threshold cycle (Ct) method as normalized
to that of U6 (2−ΔCt). The fold change of each miRNA was calculated from the expression
levels between tumor tissues/cells and normal tissues/cells.

Statistical analysis
The expressions of 8 miRNAs in cancer tissues or cells and normal tissues or cells were
compared with paired Student’s t-test. Data are presented as means ± standard deviation (SD).
A p value less than 0.05 was considered statistically significant.

Results
The expression of 95 miRNAs in chronic pancreatitis, pancreatic cancer cell lines and
surgical specimens

Initially, the expression of 95 miRNAs in 1 pancreatitis tissue, 5 pancreatic cancer tissues and
their adjacent benign tissues, 3 human pancreatic cancer cell lines (MIA PaCa-2, Panc-1 and
BxPC-3) and HPDE cells was determined by real-time PCR. After normalization to the control
U6 expression, the differential expression of miRNAs of pancreatitis tissue compared with
normal pancreatic tissues, pancreatic cancer tissues compared with normal pancreatic tissues,
and pancreatic cancer cell lines compared with HPDE cells was determined and shown in Fig.
1 and Table 2. Substantial differences of the expression profile of 95 mRNAs were observed
between cancer and normal tissues or between cancer cell lines and normal HPED cells at the
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individual basis, indicating potential roles of miRNAs in the cancer formation. These
differences indicate the individual characteristics and variability of each case compared other
cases. The relative expression values for these mature miRNAs spanned 6-logs (from 0.01 to
10000). A number of miRNAs were increased in the most of pancreatic cancer tissues and cell
types, but not in normal tissues and cells as well as the pancreatitis sample.

Validation of eight over-expressed miRNAs in more pancreatic cancer cell lines and surgical
specimens

From 95 miRNAs, 8 miRNAs (miR-196a, miR-190, miR-186, miR-221, miR-222, miR-200b,
miR-15b and miR-95) were identified to have high expression levels more than 3.3-fold both
in pancreatic cancer tissue samples and cell lines compared with that in normal pancreatic
tissues and HPED cells. The expression of these miRNAs was further analyzed in more samples
of pancreatic cancer and normal pancreatic tissue pairs (n=17) as well as more pancreatic cancer
cell lines (n=10) by real time PCR. The incidence of expression increase and average fold
increase of 8 miRNAs were shown in Fig. 2 and Table 3. Compared with normal HPDE cells,
the incidence of 10 pancreatic cancer cell lines exhibited elevated levels of miR-196a (100%),
miR-190 (100%), miR-186(90%), miR-221(100%), miR-222 (100%), miR-200b (70%),
miR-15b (90%) and miR-95 (90%) and the increase levels ranged from 3.3 to 79 fold (P <
0.01, n=10, Fig. 2A). For the pancreatic cancer tissues compared with normal pancreatic
tissues, the expression increases (incidence and fold increase) of miR-196a (82% and 190),
miR-190 (88% and 21), miR-186 (94% and 4.5), miR-221 (88% and 32), miR-222 (88% and
32), miR-200b (76% and 43), miR-15b (82% and 2018) and miR-95 (71% and 468) were also
observed (P <0.01, n=17, Fig. 2B). These data indicate that these miRNAs may share common
pathways in the pancreatic cancer pathogenesis.

Discussion
In the current study, a unique 95 miRNA expression profile was observed in human pancreatic
cancer tissues and cell lines, and eight miRNAs (miR-196a, miR-190, miR-186, miR-221,
miR-222, miR-200b, miR-15b and miR-95) were significantly increased in the most of
pancreatic cancer tissues and cell lines compared with normal pancreatic tissues and cells.
Many of these miRNAs have not been reported in pancreatic cancer. This study provides new
opportunities for studying novel molecular pathways of pancreatic cancer pathogenesis and
for developing new strategies for pancreatic cancer diagnosis and treatment.

The mechanism of action of a specific miRNA is usually involved in its nucleotide
complementary pairing to the 3' UTR of its specific targeting mRNAs, primarily functioning
as a negative regulator by repressing target mRNA translation. miRNAs may directly regulate
tissue or organ development and cell differentiation as well as maintain normal functions of
many organ systems [27]. The alterations in miRNA expression may play an important role in
many diseases including pancreatic cancer formation. Using the QuantiMir™ RT Kit, we
tagged and converted mature miRNAs into detectable and quantifiable cDNAs. We used a
highly sensitive real time PCR analysis to profile 95 cancer-related miRNAs. This method is
more reliable and accurate for detection of miRNA expression and has much less technical
noise, but greater reproducibility than traditional cDNA microarray or northern blot analysis.
All 95 miRNAs chosen for the array have functional implications with regard to their potential
roles in cancer, cell development and apoptosis. Our expression profiling data indicate a large
number of miRNAs that are aberrantly expressed in pancreatic cancer tissues and cell lines
compared with normal pancreatic tissues and cells. From these profiling data, we observed a
diversity nature of miRNA expression among individual pancreatic cancer tissues or cells,
which may support the concept of personalized medicine in care of these patients. However,
we also observed the expression pattern of many miRNAs was reserved in the most pancreatic
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cancer tissues and cell lines studied in the current study. For example, 8 miRNAs (miR-196a,
miR-190, miR-221, miR-222, miR-200b, miR-15b and miR-95) were consistently increased
in the majority of pancreatic cancer tissues and cell lines. These data indicate that pancreatic
cancer may share some common pathways for cancer pathogenesis by regulation of miRNAs.
Many of these miRNAs have not been reported before in pancreatic cancer and their biological
functions are largely unknown in pancreatic cancer pathogenesis.

Bloomston et al. reported that the high expression of miR-196a-2 was found to predict poor
survival in pancreatic cancer patients [16]. miR-196a involves organ development by
negatively regulating Hoxb8 [28]. miR-190 was found to be upregulated in human
hepatocellular carcinomas [7]. The miR-200 family has been shown to regulate epithelial to
mesenchymal transition (EMT) by targeting ZEB1 and SIP1. However, miR-200b was
markedly downregulated in cells that had undergone EMT in response to transforming growth
factor (TGF)-beta or to ectopic expression of the protein tyrosine phosphatase Pez [29]. Over-
expression of miR-15b sensitized human gastric cancer cells to anticancer drugs by targeting
BCL2 [30]. Inhibition of miR-95 decreased cell growth in HeLa cells [31]. miR-221 was
reported to be overexpressed in glioblastoma [32] and in thyroid cancer [33]. miR-221 and
miR-222 are clustered on the X chromosome, and both of them are predicted to regulate cell
cycle by targeting on kit [33] and p27Kip1 [8]. Our data showed that miR-222 was increased
in pancreatic cancers at the level similar to miR-221. Based on the miRNA profiling and their
functional studies, miRNA/RNAi-based therapeutics could be attractive strategies for
pancreatic cancer treatment.

In summary, pancreatic cancer may have a unique miRNA expression pattern at each individual
basis. However, common pathways for pancreatic cancer pathogenesis may exist. Our study
suggests that the expression of 8 miRNAs (miR-196a, miR-190, miR-221, miR-222,
miR-200b, miR-15b and miR-95) was signficantly increased in the majority of pancreatic
cancer tissues and cell lines. Further investigations are required for determination of their
molecular functions and mechanisms as well as characterization of these miRNAs as prognostic
and/or diagnostic markers in pancreatic cancer. Since miRNAs may regulate multiple
oncogenic pathways, they may serve as potential targets for cancer therapy. For examples,
antagomirs and chemically modified antisense nucleotides for miRNAs can be used to silence
specific endogenous miRNA in vivo [34]. This may provide a novel strategy to treat pancreatic
cancer.
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Fig. 1.
The expression pattern of 95 miRNAs in chronic pancreatitis, pancreatic cancer cell lines and
surgical specimens. MiRNAs of tissues and cultured cells were extracted and purified using
mirVana miRNA Isolation kit and converted to cDNAs with the QuantiMir™ RT System.
Differential expression was analyzed by RT-PCR using QuantiMir 95 microRNAs array
System. U6 primer was also included in the array as a normalization control. After normalizing
to the control U6 in all samples, the fold change in 95 miRNAs was calculated by comparing
the pancreatic cancer tissue or cell lines with normal pancreatic tissues or HPDE cells. A.
Chronic pancreatitis versus normal pancreatic tissue (n=1). B. Pancreatic cancer cell lines
versus HPDE cells (n=3). C. Surgical specimens of pancreatic cancer tissues versus their
adjacent normal pancreatic tissues (n=5).
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Fig. 2.
The expression of 8 miRNAs in more pancreatic cancer cell lines and surgical specimens.
Expression of 8 miRNAs (miR-196a, miR-190, miR-186, miR-221, miR-222, miR-200b,
miR-15b and miR-95) selected from the 95 miRNAs was determined in 10 pancreatic cancer
cell lines and 17 pairs of pancreatic cancer tissues and their adjacent normal pancreatic tissues.
A. The expression of 8 miRNAs were significantly increased in pancreatic cancer cell lines
compared with HPDE cells (n=10, P < 0.01). B. The expression of 8 miRNAs were significantly
increased in pancreatic cancer tissues compared with their adjacent normal pancreatic cancer
tissues (n=17, P <0.01).
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Table 1

Mature RNA sequences and real time PCR primers for 95 miRNAs.

miRNA MirBase # miRNA Sequence(s) RT-PCR Primer sequenc(s)

let-7-family MIMAT0000062,
MIMAT0000064,
MIMAT0000065,
MIMAT0000067

ugagguaguagguuguauaguu,
ugagguaguagguuguaugguu,
agagguaguagguugcauagu,
ugagguaguagauuguauaguu

tgaggtagtaggttgtatagtt,
tgaggtagtaggttgtatggtt,
agaggtagtaggttgcatagt,
tgaggtagtagattgtatagtt

miR-7 MIMAT0000252 uggaagacuagugauuuuguug tggaagactagtgattttgttg

miR-92 MIMAT0000092 uauugcacuugucccggccug tattgcacttgtcccggcctg

miR-93 MIMAT0000093 aaagugcuguucgugcagguag aaagtgctgttcgtgcaggtag

miR-9-1 MIMAT0000441 ucuuugguuaucuagcuguauga tctttggttatctagctgtatga

miR-101-1 MIMAT0000099 uacaguacugugauaacugaag tacagtactgtgataactgaag

miR-103 MIMAT0000101 agcagcauuguacagggcuauga agcagcattgtacagggctatga

miR-106a MIMAT0000103 aaaagugcuuacagugcagguagc aaaagtgcttacagtgcaggtagc

miR-106b MIMAT0000680 uaaagugcugacagugcagau taaagtgctgacagtgcagat

miR-107 MIMAT0000104 agcagcauuguacagggcuauca agcagcattgtacagggctatca

miR-10b MIMAT0000254 uacccuguagaaccgaauuugu taccctgtagaaccgaatttgt

miR-1-1 MIMAT0000416 uggaauguaaagaaguaugua tggaatgtaaagaagtatgta

miR-122a MIMAT0000421 uggagugugacaaugguguuugu tggagtgtgacaatggtgtttgt

miR-125a MIMAT0000443 ucccugagacccuuuaaccugug tccctgagaccctttaacctgtg

miR-125b MIMAT0000423 ucccugagacccuaacuuguga tccctgagaccctaacttgtga

miR-126 MIMAT0000444 cauuauuacuuuugguacgcg cattattacttttggtacgcg

miR-128b MIMAT0000676 ucacagugaaccggucucuuuc tcacagtgaaccggtctctttc

miR-132 MIMAT0000426 uaacagucuacagccauggucg taacagtctacagccatggtcg

miR-133a MIMAT0000427 uugguccccuucaaccagcugu ttggtccccttcaaccagctgt

miR-134 MIMAT0000447 ugugacugguugaccagaggg tgtgactggttgaccagaggg

miR-135b MIMAT0000758 uauggcuuuucauuccuaugug tatggcttttcattcctatgtg

miR-136 MIMAT0000448 acuccauuuguuuugaugaugga actccatttgttttgatgatgga

miR-137 MIMAT0000429 uauugcuuaagaauacgcguag tattgcttaagaatacgcgtag

miR-140 MIMAT0000431 agugguuuuacccuaugguag agtggttttaccctatggtag

miR-141 MIMAT0000432 uaacacugucugguaaagaugg taacactgtctggtaaagatgg

miR-142-3p MIMAT0000434 uguaguguuuccuacuuuaugga tgtagtgtttcctactttatgga

miR-143 MIMAT0000435 ugagaugaagcacuguagcuca tgagatgaagcactgtagctca

miR-145 MIMAT0000437 guccaguuuucccaggaaucccuu gtccagttttcccaggaatccctt

miR-146a MIMAT0000449 ugagaacugaauuccauggguu tgagaactgaattccatgggtt

miR-149 MIMAT0000450 ucuggcuccgugucuucacucc tctggctccgtgtcttcactcc

miR-150 MIMAT0000451 ucucccaacccuuguaccagug tctcccaacccttgtaccagtg

miR-151 MIMAT0000757 acuagacugaagcuccuugagg actagactgaagctccttgagg

miR-153 MIMAT0000439 uugcauagucacaaaaguga ttgcatagtcacaaaagtga

miR-154 MIMAT0000452 uagguuauccguguugccuucg taggttatccgtgttgccttcg

miR-155 MIMAT0000646 uuaaugcuaaucgugauagggg ttaatgctaatcgtgatagggg

World J Surg. Author manuscript; available in PMC 2010 September 3.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Zhang et al. Page 11

miRNA MirBase # miRNA Sequence(s) RT-PCR Primer sequenc(s)

miR-15a MIMAT0000068 uagcagcacauaaugguuugug tagcagcacataatggtttgtg

miR-15b MIMAT0000417 uagcagcacaucaugguuuaca tagcagcacatcatggtttaca

miR-16 MIMAT0000069 uagcagcacguaaauauuggcg tagcagcacgtaaatattggcg

miR-17-3p MIMAT0000071 acugcagugaaggcacuugu actgcagtgaaggcacttgt

miR-17-5p MIMAT0000070 caaagugcuuacagugcagguagu caaagtgcttacagtgcaggtagt

miR-181a MIMAT0000256 aacauucaacgcugucggugagu aacattcaacgctgtcggtgagt

miR-181b MIMAT0000257 aacauucauugcugucgguggg aacattcattgctgtcggtggg

miR-181c MIMAT0000258 aacauucaaccugucggugagu aacattcaacctgtcggtgagt

miR-181d MIMAT0002821 aacauucauuguugucgguggguu aacattcattgttgtcggtgggtt

miR-183 MIMAT0000261 uauggcacugguagaauucacug tatggcactggtagaattcactg

miR-185 MIMAT0000455 uggagagaaaggcaguuc tggagagaaaggcagttc

miR-186 MIMAT0000456 caaagaauucuccuuuugggcuu caaagaattctccttttgggctt

miR-188 MIMAT0000457 caucccuugcaugguggagggu catcccttgcatggtggagggt

miR-18a MIMAT0000072 uaaggugcaucuagugcagaua taaggtgcatctagtgcagata

miR-190 MIMAT0000458 ugauauguuugauauauuaggu tgatatgtttgatatattaggt

miR-191 MIMAT0000440 caacggaaucccaaaagcagcu caacggaatcccaaaagcagct

miR-192 MIMAT0000222 cugaccuaugaauugacagcc ctgacctatgaattgacagcc

miR-194 MIMAT0000460 uguaacagcaacuccaugugga tgtaacagcaactccatgtgga

miR-195 MIMAT0000461 uagcagcacagaaauauuggc tagcagcacagaaatattggc

miR-196a MIMAT0000226 uagguaguuucauguuguugg taggtagtttcatgttgttgg

miR-197 MIMAT0000227 uucaccaccuucuccacccagc ttcaccaccttctccacccagc

miR-198 MIMAT0000228 gguccagaggggagauagg ggtccagaggggagatagg

miR-
199a+b

MIMAT0000231,
MIMAT0000263

cccaguguucagacuaccuguuc,
cccaguguuuagacuaucuguuc

cccagtgttcagactacctgttc,
cccagtgtttagactatctgttc

miR-30b MIMAT0000420 uguaaacauccuacacucagcu tgtaaacatcctacactcagct

miR-19a+b MIMAT0000073,
MIMAT0000074

ugugcaaaucuaugcaaaacuga,
ugugcaaauccaugcaaaacuga

tgtgcaaatctatgcaaaactga,
tgtgcaaatccatgcaaaactga

miR-95 MIMAT0000094 uucaacggguauuuauugagca ttcaacgggtatttattgagca

miR-20a MIMAT0000075 uaaagugcuuauagugcagguag taaagtgcttatagtgcaggtag

miR-200a MIMAT0000682 uaacacugucugguaacgaugu taacactgtctggtaacgatgt

miR-200b MIMAT0000318 uaauacugccugguaaugaugac taatactgcctggtaatgatgac

miR-200c MIMAT0000617 uaauacugccggguaaugaugg taatactgccgggtaatgatgg

miR-202 MIMAT0002811 agagguauagggcaugggaaaa agaggtatagggcatgggaaaa

miR-203 MIMAT0000264 gugaaauguuuaggaccacuag gtgaaatgtttaggaccactag

miR-204 MIMAT0000265 uucccuuugucauccuaugccu ttccctttgtcatcctatgcct

miR-205 MIMAT0000266 uccuucauuccaccggagucug tccttcattccaccggagtctg

miR-206 MIMAT0000462 uggaauguaaggaagugugugg tggaatgtaaggaagtgtgtgg

miR-21 MIMAT0000076 uagcuuaucagacugauguuga tagcttatcagactgatgttga

miR-210 MIMAT0000267 cugugcgugugacagcggcuga ctgtgcgtgtgacagcggctga

miR-214 MIMAT0000271 acagcaggcacagacaggcag acagcaggcacagacaggcag

miR-215 MIMAT0000272 augaccuaugaauugacagac atgacctatgaattgacagac
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miRNA MirBase # miRNA Sequence(s) RT-PCR Primer sequenc(s)

miR-372 MIMAT0000724 aaagugcugcgacauuugagcgu aaagtgctgcgacatttgagcgt

miR-373 MIMAT0000726 gaagugcuucgauuuuggggugu gaagtgcttcgattttggggtgt

miR-218 MIMAT0000275 uugugcuugaucuaaccaugu ttgtgcttgatctaaccatgt

miR-219 MIMAT0000276 ugauuguccaaacgcaauucu tgattgtccaaacgcaattct

miR-22 MIMAT0000077 aagcugccaguugaagaacugu aagctgccagttgaagaactgt

miR-488 MIMAT0002804 cccagauaauggcacucucaa cccagataatggcactctcaa

miR-221 MIMAT0000278 agcuacauugucugcuggguuuc agctacattgtctgctgggtttc

miR-222 MIMAT0000279 agcuacaucuggcuacugggucuc agctacatctggctactgggtctc

miR-223 MIMAT0000280 ugucaguuugucaaauacccc tgtcagtttgtcaaatacccc

miR-224 MIMAT0000281 caagucacuagugguuccguuua caagtcactagtggttccgttta

miR-23a MIMAT0000078 aucacauugccagggauuucc atcacattgccagggatttcc

miR-24 MIMAT0000080 uggcucaguucagcaggaacag tggctcagttcagcaggaacag

miR-25 MIMAT0000081 cauugcacuugucucggucuga cattgcacttgtctcggtctga

miR-26a MIMAT0000082 uucaaguaauccaggauaggc ttcaagtaatccaggataggc

miR-26b MIMAT0000083 uucaaguaauucaggauagguu ttcaagtaattcaggataggtt

miR-27a+b MIMAT0000084,
MIMAT0000419

uucacaguggcuaaguuccgc,
uucacaguggcuaaguucugc

ttcacagtggctaagttccgc,
ttcacagtggctaagttctgc

miR-30c MIMAT0000244 uguaaacauccuacacucucagc tgtaaacatcctacactctcagc

miR-
29a+b+c

MIMAT0000086,
MIMAT0000100,
MIMAT0000681

uagcaccaucugaaaucgguu,
uagcaccauuugaaaucaguguu,
uagcaccauuugaaaucggu

tagcaccatctgaaatcggtt,
tagcaccatttgaaatcagtgtt,
tagcaccatttgaaatcggt

miR-30a-3p MIMAT0000088 cuuucagucggauguuugcagc ctttcagtcggatgtttgcagc

miR-30a-5p MIMAT0000087 uguaaacauccucgacuggaag tgtaaacatcctcgactggaag

miR-296 MIMAT0000690 agggcccccccucaauccugu agggccccccctcaatcctgt

U6 snRNA NCBI: X07425.1 caccacguuuauacgccggug caccacgtttatacgccggtg
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