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ABSTRACT

Background: MicroRNAs (miRNAs) are small noncoding RNAs that typically inhibit translation and stability of messenger
RNAs (mRNAs) and as such control expression of genes involved in different cellular processes. Several miRNAs have been
linked to cancer and immune cells but whether there is a correlation between their expressions in both cells is still indistinct.
Aim: In this study, we aimed to analyze miRNAs in tumor and immune cells in tumor bearing mice treated with or without
chemotherapy.

Methods: CD1 mice were inoculated with intraperitoneal (i.p.) injection of 108 viable cells from Ehrlich ascetic carcinoma (EAC)
cell line to form ascities. Mice were then i.p. treated with PBS ascontrol or with cispaltin (10 or 40 pg/mouse). Semiquantification
of miRNAs 146a and 155 in spleen and tumor cells was done after 1 or 2 weeks of treatments using RT-PCR.

Results: The transcription level of miRNA-146a decreased in EAC and spleen cells, while miRNA-155 expression level increased.
In EAC-bearing mice treated with CIS for 1 week, miRNA-155 expression level considerably increased in spleen and tumor cells
as compared to tumor-non-bearing and untreated tumor-bearing mice. In contrast, the miRNA-146a transcription level decreased
in both spleen and tumor cells as compared to its expression level in naive and untreated EAC- bearing mice. Two weeks post
CIS treatment of EAC-bearing mice, spleen cells still show low expression levels of miRNA-146a, while theexpression levels of
miRNA-155 increased in both spleen and tumor cells. Taken together, these results suggest that miRNA expression is significantly
altered by tumor progression and by chemotherapy.
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1. INTRODUCTION Because of their wide variety of targets, miRNAs have been

MicroRNA (miRNA) is an abundant class of small non-
coding RNAs that are involved in various biological pro-
cesses and human diseases by negatively regulating the trans-
lational efficiency and stability of their target mRNAs.]

found to be involved in numerous developmental processes
within cells including hematopoietic lineage differentiation,
immunity, inflammation and tumorigenesis.!'*l MiRNAs
were initially discovered in Caenorhabditis elegans as short
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strands of small non-coding RNAs 21 nucleotide.) miR-
NAs mediate posttranscriptional gene regulation by pair-
ing with the 3’untranslated region (3’UTR) of messenger
RNAs (mRNAs), acting as regulating gene expression post-
transcriptionally.[®! MiRNAs control cell functions by silenc-
ing genes or gene clusters and may inhibit RNA translation
by mRNA uncapping and deadenylation, which lead to in-
creased mRNA turn over and decreased target gene expres-
sion.”!

Given that miRNAs play a key role in diverse biological pro-
cesses, their deregulated expression plays very important role
in various diseases.[®) MiRNAs that are involved in tumorige-
nesis and cancer are classified as oncomiRs. Those miRNAs
are not only therapeutic targets, but also are considered im-
portant biomarkers for cancer detection and management.8!

Among the known oncomiRs (miRNAs that lead to tumorige-
nesis and cancer), miRNA-155 is well known. Using genetic
approaches, miRNNA-155 has been demonstrated to have an
indispensable role in humoral and cellular immunity°-14]
and for this reason it has been linked to the development of
leukemia, breast, lung and stomach tumors.!'3! However, the
specific mechanism of its action was not known until recently.
MiRNA-146a is one of a few of many examples of miRNAs
involved in inflammation''® autoimmune disorders (miRNA-
21, miRNA-155).17-181 MiRNA-146a is involved in the reg-
ulation of innate immunity induced inflammatory response
through modulating the expression of target genes. 1%~

To understand the role of miRNA in antitumor responses and
the associated immune responses, we have investigated in
this study the expression profile of miRNA-146a and -155;
as representative miRNA; in tumor and spleen cells before
and after anti-cancer chemotherapy. The results conclude
that these miRNA are modulated by the presence of tumor,
the tumor volume as well as chemotherapy.

2. MATERIAL AND METHODS
2.1 Mice

All experiments were performed on adult female CD1 mice
weighted 20 grams and aged between 8-16 weeks. The mice
were purchased from Theodore Bilharz Research Institute
(Cairo, Egypt). Mice were acclimatized at least two weeks
before experimentation and randomly divided into the exper-
imental groups, 10-12 mice for each. Mice were maintained
at regular light and dark cycles, and provided with standard
food and water ad libitum. This work was done based on the
guidelines for the use of experimental animals in research at
Department of Zoology, Faculty of Science, Tanta University,

Egypt.
Published by Sciedu Press

2.2 Chemical and reagents

Cisplatin (cis-diamminedichloroplatinum (II); CIS) was re-
constituted in distilled water and stored at 4°C until used.
Phosphate buffer saline (PBS) and trypan blue was prepared
fresh. All reagents and chemicals were purchased from
Sigma Aldrich Co., USA.

2.3 Ehrlich ascites tumor model

Ehrlich ascitic carcinoma (EAC) is a transplantable, poorly
differentiated malignant carcinoma cell line which appears
originally as a spontaneous breast carcinoma in CD1 mice.
It grows in a solid or an ascitic form. CD1 mice were used to
establish our own line through in vivo serial transplantation
for tumor growth. Tumor cell suspensions were prepared
in phosphate buffer saline (PBS) at final concentrations of
2.5 x10° viable EAC/ml. In all experimental protocols de-
scribed, mice were inoculated with intraperitoneal (i.p.) in-
jection on day 0 with 108 viable EAC cells per mouse in a
volume of 0.2 ml. EAC viability, assessed by the trypan blue
dye exclusion method, was always found to be 95% or more.
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Figure 1. Effects of CIS treatment on the numbers of tumor
cells. Mice were challenged with 105 EAC cells through i.p.
injection (day 0) and then treated with 10 or 40 ug
CIS/mouse as described in the Materials and Methods. The
mice were sacrificed on day 14 post tumor challenge to
count the total yield of EAC cells in the peritoneal exudates
cells. Data are presented as mean &+ SD. *P < .01 as
compared to control.

2.4 Treatment of EAC-bearing mice with CIS

Naive mice (n = 6 group) were challenged with 105 EAC
cells through ip. injection (day 0). One group was i.p.
treated with PBS as a positive control. Mice were i.p. treated
with PBS or CIS (10 or 40 pg/mouse) on days 1, 3, 4, 5, and
6 post tumor challenges and then sacrificed either on day 7
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or on day 14 of treatment (see Figure 1). Another group was
challenged with 106 EAC cells through i.p. injection (day 0),
treated with 40 pg/mouse CIS on days 8, 10, 11, 12 and 13
and then sacrificed on day 14. Tumor cells from the ascetic
fluid as well as splenocytes from spleen were harvested from
all animals for PCR analysis.

2.5 Preparation of splenocytes

The spleen cells were passed through 100-pm-pore-size ny-
lon mesh filters (BD Biosciences, CA, USA) to obtain a
single cell suspension of splenocytes. Erythrocytes were
then depleted with ammonium chloride-potassium chloride
(ACK; Invitrogen, Carlsbad, CA) buffer.”%! Spleen suspen-
sion was prepared and counted using hemocytometer after
staining with trypan blue dye exclusion to identify viable
from dead cells.

2.6 Assessment of tumor growth

Seven days or fifteen days after i.p implantation (105 EAC
cells), mice were sacrificed and EAC cells were collected.
Tumor cells were grown slowly from day 1 to 7 post cell inoc-
ulation and then aggressively after day 7 onward. To insure
that all tumor cells were harvested, the peritoneal cavity was
washed twice by 5 ml PBS and all cells were pooled. Cells
were washed for at least twice. After making an appropriate
dilution, total number of tumor cells was determined with
trypan blue exclusion assay. Harvested cells were diluted
with saline (0.9%) to the required concentration used in each
experiment and counted with hemocytometer.

2.7 RNA extraction and cDNA syntheses

Total RNA, containing miRNA, was extracted from spleen
and tumor cells from control and treated samples using RNA
extraction kit (Thermoscientific) according to the manufac-
turer’s protocol. First strand cDNA Synthesis Kit (Thermo-
scientific) was used according to the manufacturer’s protocol
using oligo(dT)18 primers. The reaction was terminated by
heating at 70°C for 5 min. and the reverse transcription
product was used directly in PCR amplification.

2.8 RT-PCR

PCR analysis for miRNA-146a and miRNA-155 were de-
scribed previously (Wang P, 2010). RT primer for miRNA-
155 was miRNA-155 F: 5° CTC GTG GTT AAT GCT AAT
TGTGA and miRNA-155 R: 5’-GTGCAGGGTCCGAGGT.
The expression of pri-miRNA-146a was determined with
the following primers: 5’-GAG ATT ACA GGC TTG CAC
CAC A-3’ (forward) and 5’-TGCCAG CAG TTC CAC GCT
TCA C-3’ (reverse). The following PCR conditions were
used: initial denaturation at 94°C for 3 min; 94°C for 30 s,
55°C for 30 s, 72°C for 1 min, for 35 cycles; final extension
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at 72°C for 10 min were performed. All reactions were per-
formed in triplicate. After PCR, products were separated on
an ethidium bromide-stained 1% agarose gel. The band in-
tensity as indicator of the relative expression of miRNA-146a
and miR-155 was calculated using ImageJ ® software.

2.9 Statistical analysis

Numerical data obtained from each experiment were ex-
pressed as mean + SD. Using GraphPad Prism version 4.0
software, statistical differences between experimental and
control groups were assessed using the Student z-test. P
values less than .05 were considered statistically significant.
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Figure 2. Effects of CIS treatment on the total numbers of
splenocytes. Mice were i.p. treated with PBS or CIS (10 or
40 pg/mouse) on days 1, 3, 4, 5, and 6 post tumor challenges
and then sacrificed on day 7 post tumor challenge and then
sacrificed either on day 7 or on day 14. Another group was
challenged with 105 EAC cells through i.p. injection (day 0)
and then treated with 40 pg/mouse CIS on days 8, 10, 11, 12
and 13 and then sacrificed on day 14.

3. RESULTS

3.1 CIS treatment induced anti-tumor effects against
EAC cells
Then, we established the tumor burden after inoculation of
EAC cells and the antitumor effects of treatment with CIS.
The numbers of EAC cells were 133.25 x10° + 40 counted
on day 7 and 2,921 x10% + 1,271 counted on day 14 of
tumor inoculation (see Figure 1). Treatment of mice with 10
pg/mouse CIS induced a marked reduction in the tumor cell
count (68.35 x10% + 45.35) on 7 days and (44.15 x 108 +
24.48) 14 days post treatment. As expected, the anti-tumor
effect of treatment mice with 40 ug/kg CIS was higher than
those obtained after treatment with 10 pg/kg CIS, where
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treatment with 40 pg/kg CIS for two weeks induced higher cessation of CIS.
anti-tumor (14.86 x 10% & 3.73) effects than one week (43.2
x10% 4+ 29.1). However, the tumor cells grew back after
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Figure 3. Effects of CIS on miRNA-146a gene expression in spleen and EAC after 1 week of EAC inoculation. CD1 mice
(n=15) were i.p. inoculated with 108 EAC on day O and treated with 10 or 40 pg of CIS on days 1, 3, 4, 5, and 6 post EAC
inoculation. Mice were then sacrificed on day 7. Total mRNA was extracted from spleen and tumor cells and the expression
level of miRNA was determined relative to untreated tumor bearing mice. The experiment was performed in triplicate and
the data are presented as mean + SD.
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Figure 4. Effects of CIS on miRNA-146a gene expression in spleen and EAC after 2 weeks of EAC cells inoculation. Mice
were treated with 10 ug or 40 pg/mouse CIS for two weeks. RNA of spleen and tumor cells was extracted 1 or 2 weeks
post-treatment and the expression level of miRNA was determined relative to untreated tumor bearing mice. The
experiment was performed in triplicate and data are presented as mean + SD.

3.2 CIS treatment induced alteration in the numbers of or late time of tumor inoculation. As shown in Figure 2,

splenocytes a significant decrease in spleen cell count was observed in
control tumor-bearing mice after one week (68.8 + 13.92)
and two weeks (36.67 4 11.2) of tumor inoculation as com-
pared with mice with no tumor (171.66 £ 1.5). Treatment
of mice with 10 ug of CIS during the first week of tumor

First, we established the effects of tumor on the number of
splenocytes in presence or absence of chemotherapy. EAC
burden was evaluated by counting the number of viable cells
with or without treatment with different doses of CIS at early

Published by Sciedu Press 81
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growth resulted in decreases in the number of spleen cells
counted on days 7 (53.65 + 17.33) and increased on days 14
(89.28 £ 43.9). Treatment of EAC-bearing mice with 40 pg
of CIS at this time points also induced similar effects on the
total number of spleen cells counted on day 7 (80 £ 21.3) or
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day 14 (25.72 £ 15.9). Of note, treatment with 40 pg CIS
from days 7-13 resulted in a similar effects when the spleen

cells were counted on day 14 of tumor inoculation (46.75 +
32.15).
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Figure 5. Effects of CIS on miRNA-155 gene expression in spleen and EAC after 1 week of EAC cells. Mice were treated
with 10 pg or 40 pg/mouse CIS for two weeks. After one week post-treatment, RNA of spleen and tumor cells was
extracted 1 week post-treatment and the expression level of miRNA was determined relative to untreated tumor bearing
mice. The experiment was performed in triplicate and data are presented as mean + SD.
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Figure 6. Effects of CIS on miRNA-155 gene expression in spleen and EAC after 2 weeks of EAC cell inoculation. Mice
were treated with 10 pug or 40 pg/mouse CIS for two weeks. RNA of spleen and tumor cells was extracted 1 or 2 weeks
post-treatment and the expression level of miRNA was determined relative to untreated tumor bearing mice. The
experiment was performed in triplicate and data are presented as mean + SD.
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3.3 CIS treatment induced alterations in miRNA expres-
sion

To examine the correlation between miRNA expression and
tumor response to CIS therapy, we analyzed the gene ex-
pression of miRNA-155 and miRNA-146 in the presence or
absence of CIS treatment at different time points using RT-
PCR. We used 10 and 40 pg/mouse CIS for either one week
or two weeks and in both cases we quantified the expression
level of miRNAs 24 hours and 7 days after the last treatment
point of CIS.

We found decreases in the miRNA-146a expression level in
both spleen and tumor cells of treated tumor-bearing mice
as compared to its expression level in tumor-free mice and
in untreated-tumor bearing mice when measured 1 week and
2 weeks after treatment (see Figures 3 and 4). On the other
hand, the miRNA-155 expression level was considerably in-
creased in spleen and tumor cells upon treatment with CIS in
a dose-dependent manner (see Figures 5 and 6) as compared
to tumor-free and untreated-tumor bearing mice.

To test whether tumor relapse after chemotherapy re-
versemiRNA expression level, RNA was extracted from
treated tumor bearing mice one week and two weeks post-
treatment followed by RT-PCR. Our results showed that
treatment of EAC-bearing mice with 40 pg/mouse CIS in-
duced decreases in the expression levels of miRNA-146a
in spleen even after two week post-treatment but the ex-
pression level in tumor cells remains the same two week
post-treatment. The expression level of miRNA-155 in the
spleen of tumor-bearing mice treated with 40 pg/mouse CIS
slightly increased after two weeks post-treatment. In contrast,
its expression level markedly increased in tumor cells after
two weeks post treatment with a value of relative expression
more than its expression in tumor-free and untreated-tumor
bearing mice.

4. DISCUSSION

Our results reveal that in EAC-bearing mice, miRNA-155
expression level considerably increased in the spleen and
tumor cells upon CIS treatment as compared to tumor-free
and untreated-tumor bearing mice. In line with our results,
clinical studies showed increases in the gene expression of
miRNA-155 in breast cancer tissues.?:??! In line with this
notion, miRNA-155 was found to be the most commonly
up-regulated miRNAs in solid and hematological malignan-
cies.[?*]

Not surprisingly, a tight control of miRNA-155 expression
is required to avoid malignant transformation, as evidenced
by miRNA-155 over expression in many cancers of B-cell
origin.[?¥! In the current study, we found that tumor itself

Published by Sciedu Press

induced increases in the miRNA-155 expression levels in
spleen and tumor cells as compared to its expression in
tumor-free and untreated tumor-bearing mouse. This ef-
fect increases with the tumor progression. Treatment with
CIS as anticancer drug increased miRNA-155 transcription
level. This effect was sustained even after two weeks post
CIS treatment.

Similar to the modulatory effects of CIS on miRNA, the
effects of other immunosuppressive drugs have also been re-
ported. It was found in this study that the anti-inflammatory
effects of hydroxychloroquine and prednisone in female
NZB/W lupus mice are dependent on their capability to mod-
ulate the miRNA expression levels of miRNA, where these
drugs induced reduction in miRNA-146a and miRNA-155
expression in plasmacytoid dendritic cells, they induced in-
creases in miR-155 expression in T and B lymphocytes and
monocytes./>*) MiRNA-155 and -146a miRNAs were found
to be upregulated in both purified splenic B and T cells
from MRL-Ipr mice with lupus.!>>! Similarly, miRNA-146a
was decreased in freshly isolated splenic lymphocytes from
estrogen-treated mice, where increasing its higher activity
inhibited the LPS-induced IFN-v and iNOS expression in
mouse splenic lymphocytes.?!

Interestingly, the increased profile of miRNA was associated
with increases in the numbers of spleen cells and reduction in
the number of tumor cells, indicating that miRNA-155 might
be involved in anticancer immune responses. This is likely to
be possible since upregulation of miRNA-155 expression has
been reported in activated immune cells.””! This suggested
association between the increase in miRNA-155 expression
and anti-tumor immunity could be explained by the increases
in its expression under the effects of inflammatory stimuli.
For instance, miRNA-155 expression was found to be in-
duced by toll-like receptor (TLR) signals such as TLR2,
TLR3, TLR4, and TLRY, or stimulation with cytokines such
as IL-1, TNF-q, and IFN-3,1'>141 indicating to the involve-
ment of miRNA-155 in enhancing immune responses. In
the immune system, miRNA-155 was found to be unique in
its ability to shape the transcriptome of activated myeloid
and lymphoid cells controlling diverse biological functions
ranging from inflammation to immunological memory.!?8!
Although, we have not investigated its role in anti-EAC im-
munity, previous studies suggested a role for miRNA-155 in
suppression of undesirable RNAs. For instance, it was found
that RNA virus infection induces miRNA-155 expression in
macrophages via retinoic acid-inducible gene I/JNK/NF-kB
dependent pathway but TLR/MyD88-independent pathway,
which promoted type I IFN signaling pathway and the sup-
pression of viral replication.
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Opposite to miRNA-155, we found that tumor itself induces
increases in the expression level of miRNA-146 as compared
to its expression in tumor-free and untreated tumor-bearing
mouse. This effect increases with the tumor progression. In
line with our results, miRNA-146 was found to be highly
expressed in the plasma and in tissues of non-small cell
lung,®! oral squamous cell carcinoma'®*”! and thyroid carci-
noma tissues."*! Interestingly, these levels decreased after
tumor surgery of oral squamous cell carcinoma.!

In the present study, treatment with CIS inhibited miRNA-
146a transcription levels both in spleen cells and in EAC cells
at a dose of 10 pug/mouse. At 40 ug/mouse, however, CIS
could not inhibit miRNA-146a expression level even when
the treatment was lasted for two weeks. Indeed, miRNA-
146a has been found to directly down-regulate the produc-
tion of pro-inflammatory cytokines by acting as a negative-
feedback effector on the inflammatory signaling pathway
initiated by NF-kB and JAK STAT signaling pathway.!'®!
These effects were suggested to be augmented by certain
doses of anticancer treatments. Furthermore, ovalbumin-
induced asthma coincided with higher expression levels of
miRNA-146a and -146b in CD4+ T cells immediately after
the beginning of the disease. Treatment with dexamethasone
under this setting induced down-regulation of the expression
level of miRNA-146a associated with a positive linear cor-
relation with the infiltration of the inflammatory cells into
the inflammatory foci.®?! As such, it could be suggested
that miRNA-146a and -b are proinflammatory factors, where
the effects of immunosuppressive anticancer drugs may be
mediated by their ability to down-regulate miRNA-146a ex-
pression.

In contrast to its proinflammatory effects, miR-146a has also
been found to act as a negative feedback regulator of inflam-
mation. For instance, its absence in C57BL/6 mice leads
to defined myeloid sarcomas and lymphomas which were
associated with chronic myeloproliferation in bone marrow
and with higher nuclear p65.3! Similarly, miRNA-146a has
been found to express a negative correlation with TNF-« in
vitro secretion by monocytes derived from mice infected with
periodontal pathogens; the effects was also associated with
decreases in the downstream pathways including IRAK-1
and TRAF6.034

Recent studies indicated that miRNA-155 level can be
used as a screening marker for various cancers.*>! For in-

84

stance, sera of colorectal cancer patients showed upregulated
miRNA-155 expression level.*®! Further, miRNA-155 was
found to enhance proliferation and invasion capabilities of
colon,7! prostate!! and cervical*®! and bladder cancers.[*"!
MiRNA-155 targets SHIP1, an inhibitor of the PI3K/Akt
pathway, resulted in monocytic differentiation and apoptosis
and abolishes the anti-leukemic effects of epvonedistat. More
importantly, reduction of miRNA-155 expression pharma-
cologically in vivo prolonged the survival of mice engrafted
with leukemic cells.!*!]

Knockdown of miRNA-155 sensitizes glioma cells to the
chemotherapy with temozolomide and markedly inhibited
lymphoproliferative disease by stimulating BIM-dependent
CD4+ T cell apoptosis!*?! by targeting the MAPK13 and
MAPK 14-mediated oxidative stress and apoptosis.[**! Fur-
ther, murine cancer such as B16-F10 melanoma and Lewis
lung carcinoma tumors were found to grow much quicker
in miRNA-155-/- mice along with an increase of myeloid-
derived suppressor cells accumulation in tumors, which ex-
pressed higher migration capability and expression levels of
multiple chemokines.*4!

Interestingly, recent studies reported that miRNA-155 is re-
quired for the antitumor responses of CD8+ T cells,[*>! where
miRNA155-/- CD8+ T cells were ineffective at controlling
tumor growth coincided with induction of suppressor of cy-
tokine signaling-1 (SOCS-1) and the resultant deficiency in
cytokine signaling. By contrast, over expression of miRNA-
155 resulted in enhancement of the antitumor adoptive im-
munotherapy to mediate profound antitumor responses even
in absence of application of immune ablation. This enhanced
T-cell responsiveness limited amounts of homeostatic yc
cytokines and resulted in delayed cellular contraction and
sustained cytokine production.

Taken together, our results suggest that miRNA-155 and
miRNA-146a might play contrasting effects on tumor and
immune cells, where the transcription level of miRNA-146a
decreased in EAC and spleen cells, the transcription level
of miRNA-155 increased. These data shed a light on the
impact of tumor burden and its responses to chemotherapy
on micRNA expression.
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