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Abstract

Chinese Hamster Ovary (CHO) cells are widely employed as host cells for biopharmaceutical production. The manu-
facturing of biopharmaceuticals poses several challenges, including restricted growth potential and inadequate
productivity of the host cells. MicroRNAs play a crucial role in regulating gene expression and are considered highly
promising tools for cell engineering to enhance protein production. Our study aimed to evaluate the effects of miR-
107, which is recognized as an onco-miR, on erythropoietin-producing CHO cells (CHO-hEPQ). To assess the impact
of miR-107 on CHO cells, a DNA plasmid containing miR-107 was introduced to CHO-hEPO cells through transfec-
tion. Cell proliferation and viability were assessed using the trypan blue dye exclusion method. Cell cycle analysis

was conducted by utilizing propidium iodide (PI) staining. The quantification of EPO was determined using an immu-
noassay test. Moreover, the impact of miR-107 on the expression of downstream target genes was evaluated using
gRT-PCR. Our findings highlight and underscore the substantial impact of transient miR-107 overexpression, which
led to a remarkable 2.7-fold increase in EPO titers and a significant 1.6-fold increase in the specific productivity of CHO
cells (p <0.01). Furthermore, this intervention resulted in significant enhancements in cell viability and growth rate
(p<0.05). Intriguingly, the overexpression of miR-107 was linked to the downregulation of LATS2, PTEN, and TSCT
genes while concurrently driving upregulation in transcript levels of MYC, YAR mTOR, and S6K genes within transgenic
CHO cells. In conclusion, this study collectively underscores the feasibility of utilizing cancer-associated miRNAs

as a powerful tool for CHO cell engineering. However, more in-depth exploration is warranted to unravel the precise
molecular intricacies of miR-107's effects in the context of CHO cells.
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Introduction

As a result of the increasing market demand for bio-
logical products, biopharmaceutical companies are
compelled to undertake expansion initiatives to accom-
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challenging-to-produce proteins (Keysberg et al. 2021;
Lalonde and Durocher 2017).
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CHO cells produce 70% of biopharmaceuticals and
nearly all mAbs (Lalonde and Durocher 2017). Their
widespread usage is attributed to several factors,
including high productivity, consistent growth char-
acteristics, suitability for large-scale industrial cultiva-
tion, adaptability to diverse chemically defined media,
reduced susceptibility to human viral infections, and
the ability to perform human-compatible glycosyla-
tion (Dahodwala and Lee 2019; Kim et al. 2012; Kunert
and Reinhart 2016; Lai et al. 2013; Tihanyi and Nyitray
2020). The unveiling of the Chinese Hamster and CHO-
K1 genomes has significantly facilitated the targeted
genetic engineering of CHO cells (Brinkrolf et al. 2013;
Lewis et al. 2013; Xu et al. 2011).

Despite the widespread use of CHO cell platforms
for producing recombinant proteins, inherent limita-
tions remain in the production and secretion of many
complex proteins. These limitations encompass low
productivity, growth impediments, expression instabil-
ity, inadequate resistance to culture-related stresses,
and excessive production costs (Kaneyoshi et al. 2019).
Hence, diverse endeavors have aimed to enhance the
performance of CHO-producing cell lines to heighten
productivity. The predominant strategy for host cell
engineering has involved the overexpression of genes
that promote cell proliferation, longevity, stress resist-
ance, apoptosis evasion, protein production, and secre-
tion. Notably, the overexpression of essential genes
involved in cell metabolism, protein biosynthesis, and
glycosylation has been proven to be effective in aug-
menting growth, productivity, and product quality
superiority (Fischer et al. 2015a, b; Keysberg et al. 2021;
O’Flaherty et al. 2020; Tihanyi and Nyitray 2020).

A promising new cell engineering strategy gaining
traction is the manipulation of micro-RNA (miRNA)
(Huhn et al. 2019). The endogenous, highly conserved
short non-coding RNAs, known as miRNAs, regulate
gene expression within eukaryotic cells (Berezikov
2011). With their compact 7-8 nucleotide recognition
sequences, miRNAs can post-transcriptionally modu-
late the expression of numerous protein-coding genes
or entire pathways (Bartel 2009; Hackl et al. 2011; Tih-
anyi and Nyitray 2020). A single miRNA can regulate
multiple mRNA targets without straining the cell’s
translational machinery. This unique property has
sparked growing interest within the biopharmaceuti-
cal industry, highlighting microRNAs as potent tools
for cell engineering (Jadhav et al. 2013; Valdés-Bango
Curell and Barron 2018). Therefore, the miRNA regu-
latory system is a practical molecular approach for
orchestrating entire cell signaling pathways. Despite
the progress, further investigations remain impera-
tive to unravel the full extent of miRNA effects and
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mechanisms on recombinant protein expression in
CHO cells (Liu et al. 2022).

Several studies have used miRNAs to enhance cellu-
lar productivity in CHO cells based on previous under-
standing of the capabilities of miRNAs (Bazaz et al. 2023;
Kelly et al. 2015; Singh et al. 2022). The optimization of
the CHO cell line for enhanced protein production has
been effectively achieved through miRNA overexpres-
sion (e.g., miR-23, miR-2861, miR-17) or downregulation
(e.g., miR-7, miR-14, miR-106b) (Coleman et al. 2019;
Fischer et al. 2015a, b; Jadhav et al. 2014; Kelly et al. 2015;
Xu et al. 2019a). A recent study utilized the CRISPR/
Cas9 genome editing system to delete miR-744, aiming to
enhance CHO bioprocess performance (Raab et al. 2019).
Moreover, manipulation of miRNA-mediated regula-
tion has been applied to amplify the production of chal-
lenging-to-express novel biotherapeutics (Schoellhorn
et al. 2017; Tharmalingam et al. 2018). Notably, a recent
investigation successfully increased cell growth, survival,
and productivity by overexpressing miR-32 in CHO cells
(Bazaz et al. 2023).

Various strategies have been employed to identify
miRNAs as a target for cell engineering. A prominent
approach involves screening methods to select miRNAs
with the potential to enhance cell productivity using pre-
viously identified miRNAs in human cancer research,
which have been found to influence cell growth prop-
erties (Inwood et al. 2018). Dysregulated miRNAs that
modulate cell growth have been extensively documented
in human cancers, acting either as proliferation promot-
ers or cell death signal inhibitors (Peng and Croce 2016).
Specific miRNAs have been assessed for their capacity to
enhance recombinant protein expression (Inwood et al.
2018). Additionally, contemporary bioinformatics evalua-
tions offer precise avenues for uncovering miRNA targets
with greater accuracy.

In this study, we sought to leverage the potential of
miRNAs derived from cancer-associated upregulated
miRNAs to enhance the productivity of CHO cells. By
considering miR-107’s regulatory function in human
cancer and its conserved sequence between humans and
hamster genomes (Crisetulus griseus), coupled with an
exploration of both predicted and validated target genes
of miR-107 and its effects on cell proliferation, growth,
and viability, we hypothesized that the overexpression
of miR-107 in our CHO-hEPO cells could yield elevated
viable cell density and enhances protein production.

In this research, our focus centers on evaluating the
effects of transient miR-107 overexpression on crucial
aspects of CHO-K1 cell behavior. Specifically, we inves-
tigate its influence on cellular growth, viability, and pro-
ductivity within a CHO-K1 cell line engineered for stable
recombinant Erythropoietin (EPO) expression. EPO, a
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naturally occurring glycoprotein hormone with a molec-
ular mass of 30.4 kDa, is synthesized by renal peritubular
cells and primarily stimulates red blood cell production
(Jelkmann 2013, 2016).

Additionally, conducting a comprehensive literature
review and employing in silico analysis has determined
that miR-107 affects cell growth and protein synthesis
by targeting specific genes. Among the identified target
genes, we examined the expression levels of LATS2 and
PTEN, along with their respective cellular pathways.
The YAP and PI3K signaling pathways facilitate cellular
growth and protein synthesis. The genes whose expres-
sion levels were measured by qPCR included PTEN,
TSCI, LATS2, MTORI, S6K, YAB and MYC.

Our study investigates the potential of miR-107 as a
modulator of these cellular attributes, providing a foun-
dation for understanding its role in optimizing biophar-
maceutical production.

Material and methods

Cell lines and cell culture

The CHO-K1 cell line was donated by the Pasture Insti-
tute (Tehran, Iran). CHO cells producing human Eryth-
ropoietin (CHO-hEPO) were prepared in our laboratory
at Golestan University of Medical Sciences as part of a
project funded by grant number 111167. This cell line
was derived from a CHO-K1 cell line transfected with
a plasmid containing the human EPO gene (accession
number M11319) and the puromycin resistance gene.
The generation of the stable CHO cell line producing
hEPO was achieved by subjecting the cells to selective
pressure using 5 pg/ml puromycin. The cell lines were
cultured in DMEM-F12 media (Gibco, Life Technologies
Inc., New York, USA), supplemented with 1% (v/v) peni-
cillin/streptomycin (Sigma—Aldrich, MO), and 10% (v/v)
fetal bovine serum (Gibco, Life Technologies Inc., New
York, USA), at 37 °C in a humidified atmosphere contain-
ing 5% CO,,.

MicroRNA selection

The process of miRNA selection for potential CHO
cell engineering candidates began with a comprehen-
sive review of pertinent studies focusing on upregulated
miRNAs implicated as regulators of cell proliferation in
human cancer research. Furthermore, to ensure cross-
species applicability, we specifically targeted miRNAs
with conserved sequences in humans and hamsters
(Crisetulus griseus) (Additional file 2: Figure S1). Subse-
quently, candidate target mRNAs with potential binding
sites for individual miRNAs were pinpointed through
a systematic search across publicly available databases
enriched with prediction algorithms. Notably, these
databases included RNA22, Targetscan, miRWalk, and
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miRanda, which can be accessed respectively at https://
cm.jefferson.edu/rna22/, http://genes.mit.edu/targe
tscan/,  http://mirwalk.umm.uni-heidelberg.de, and
http://www.microrna.org/mammalian/index.html). ~ To
enhance the analytical rigor, our study exclusively consid-
ered target genes that emerged as hits across all four algo-
rithms. Also, extended scrutiny was performed to find
validated target genes from the scientific literature and
the miRTarBase database (Additional file 1). The selected
microRNA candidate, cgr-miR-107 (MIMAT0023734;
AGCAGCAUUGUACAGGGCUAUC), was sourced
from the comprehensive miRBase repository (www.
mirbase.org).

Plasmid construction and transfection

To achieve the overexpression of miR-107 in CHO-hEPO
cells, a cassette encompassing the sequence of miR-107
was synthesized (Gene Scripts, China) (see Additional
file 2: Figure S2). This sequence was cloned into the
PB513b-1 Vector system (SBI, USA) between the Spel
and EcoRI sites. The resulting construct, the PB-miR-
107-GFP vector, was utilized for subsequent transfection
procedures (Fig. 1B). In parallel, the PB513-b1 vector was
also transfected into a distinct cell group and was used as
a Mock control.

Briefly, 2 x 10° viable CHO- hEPO cells in the exponen-
tial growth phase were seeded into a 6-well plate. Subse-
quently, they were transfected with the desired plasmid
using ScreenFect®A according to the manufacturer’s
protocol. Non-transfected CHO-hEPO cells (NT) were
incorporated as an additional control group for rigorous
comparison. This enabled a comprehensive examination
of productivity, growth, and viability, thereby enhancing
the accuracy of the experimental results.

RNA extraction and quantification of mRNA and miRNA
levels

Total RNA extraction from three distinct cell groups,
miR-107, NT, and Mock, was performed using TRIzol®
reagent (Biobasic, Canada) per the manufacturer’s pro-
tocol. RNA quality was quantified and assessed using the
Picodrop Microliter UV/Vis Spectrophotometer Model
PICOPETO1 (Picodrop, UK).

Total RNA, comprising 1 pg, underwent reverse tran-
scription using the BONmiR stem High Sensitivity
MicroRNA 1st Strand cDNA Synthesis kit (BonYakhte,
Iran) following the manufacturer’s protocol. Specific
stem loops were utilized in the reverse transcription pro-
cess to capture miRNAs.

Quantitative PCR (qPCR) for miRNA involved the uti-
lization of specific miR-107 forward and universal reverse
primers in conjunction with the SYBR green master mix
(Ampliqon, Denmark). The U6 snRNA gene served as the
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Fig. 1 Overexpression of miR-107 in CHO Cells. A Fluorescence microscopy image displaying successful transfection. B Schematic view

of the PB-miR-107-GFP vector. C Comparative analysis of miR-107 expression levels using gRT-PCR in miR-107 transfected cells, Mock

and non-transfected (NT) cells. The miRNA expression is illustrated as fold-change relative to the controls and normalized to U6 snoRNA. The
statistical significance of differences between miR-107 transfected cells and controls was determined (**** p<0.0001)

reference gene. The reactions were conducted on the Ste-
pOne real-time PCR System (Applied Biosystems, USA).

For assessing mRNA levels, reverse transcription was
executed using the Yekta Taihiz Azma cDNA Synthesis
Kit (YT4500; Tehran, Iran). The beta-actin gene was used
as an internal control for mRNA quantification.

Notably, each experiment was accurately conducted in
triplicate to ensure precision and reliability. The delta-
delta Ct method was employed to determine the fold
change (FC) between the control and treatment groups.
Graphical representation of data includes error bars
depicting standard deviation (SD). The list of primers and
stem-loop sequences used is provided in Table S1.

Cell cycle analysis

To assess the impact of miR-107 overexpression on cell
cycle progression, CHO-hEPO-miR-107, Mock, and non-
transfected CHO-hEPO (NT) cells were subjected to pro-
pidium iodide (PI) staining (BioLegend, England). Initially,
1x 10° cells per group were counted, washed with PBS, and
fixed with 70% ethanol. The fixed cells were resuspended in
PBS containing 100 pg/ml RNase A and incubated at 37 °C
for 30 min. Finally, the cells were stained with 50 pg/ml PI
in a dark environment for 15 min. The cell cycle distribu-
tion was evaluated using a BD Accuri C6 flow cytometer.
Pulse processing was used to exclude cell doublets. This
can be achieved by using the pulse area versus pulse width.
Subsequently, it was applied to the PI histogram plot. The

percentage of cells in each phase of the cell cycle was quan-
tified using ModFit software (BD Biosciences).

EPO quantification viaimmunoassay
To evaluate the impact of miR-107 overexpression on pro-
ductivity, 2x10° CHO-hEPO cells were transfected with
the PB-miR-107-GFP vector (referred to as the miR-107
group) and with pb531-b1 (serving as a Mock) in a 6-well
plate. Non-transfected CHO-hEPO cells (NT) were used
as an additional control group. The cell culture supernatant
from each group (miR-107, Mock, and NT) was collected,
and the concentration of secreted EPO was measured.
EPO concentration was quantified using the Immu-
lite EPN kit (L2KEPN2) produced by Siemens (Llanb-
eris, Gwynedd, UK). The analysis was facilitated using the
IMMULITE 2000 XPi immunoassay system, an automated
chemiluminescent immunoassay analyzer, following the
protocols outlined by the manufacturer (Siemens Health-
ineers, Germany). The specific productivity (pg/cell/day)
was derived through the following Eq. 1, where CP (pg/
ml) represents the EPO concentration, and VCC (cells/mL)
denotes the viable cell concentration (Maccani et al. 2014).

_cp
~ VCC

q, x 10°. (1)

Evaluation of cellular growth and viability

To assess the effect of miR-107 overexpression on growth
rate and viability, 5x 10* CHO-hEPO cells were seeded in
a 24-well plate. Twenty hours after seeding, the cells were
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transfected with the desired vectors. The viable cell den-
sity (VCD) and their overall viability in each group (miR-
107, Mock, and NT) were assessed 24, 48, and 72 h after
transfection using the trypan blue dye exclusion method.

Statistical data analysis

All statistical analysis was conducted using Graph-
Pad PRISM version 8.4.3 (GraphPad, USA). To assess
discrepancies between various groups and determine
the statistical significance of these variations, the One-
Way or two-way analysis of variance (ANOVA) was
employed, with a pre-established significance level of
0.05 (p-value<0.0 5). All graphical representations of
data indicate mean + standard deviation (SD).

Results
The successful overexpression of miR-107 Enhances CHO
cell growth and viability
The successful transfection of miR-107 was verified
through fluorescence microscopy, which revealed that
the transfected CHO-K1 cells displayed a distinct green
fluorescence signal (Fig. 1A). This was further supported
by qPCR analysis, which demonstrated a significant
increase in miR-107 expression, approximately 400-fold,
in cells subjected to miR-107 transfection compared to
Mock and NT groups (Fig. 1C; p<0.0001).

Cell proliferation and viability are essential factors
that exert a substantial influence on total productivity.
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A comparative assessment of growth patterns across
cell groups was conducted. Figure 2A showcases an evi-
dent increase in peak VCD in CHO-hEPO cells express-
ing miR-107 compared to Mock but showed a slight
increase compared to NT (p<0.05). Notably, the growth
of Mock appeared slightly decreased compared to NT,
possibly attributed to transfection-induced stress. Also,
the viability of both miR-107 expressing CHO cells and
Mock on the day following transfection exhibited a mod-
est decline, potentially attributable to the transfection
reagent’s transient toxicity. However, within 48 and 72
h post-transfection, cells overexpressing miR-107 dem-
onstrated a significant recovery in viability compared to
both Mock and NT cells (p <0.05) (Fig. 2B).

Overexpression of miR-107 promotes cell cycle progression
Given that cell proliferation is closely associated with
the progression of the cell cycle, we conducted a com-
parative analysis of the cell-cycle profiles between cells
overexpressing miR-107 and control cells. In the NT cell
group, approximately 40.19%+1.36 standard deviation
(SD) of the cells was observed to be in the GO/G1 phase,
while 44.03% +5.52 SD were found in the S phase, and
15.79% +4.16 SD were in the G2/M phase. Comparatively,
in the Mock group, 45.11% +0.04 SD of the cells were in
the GO/G1 phase, 40.03% £ 0.71 SD were found in the S
phase, and 14.86% +0.67 SD were in the G2/M phase.
In the miR-107 group, 31.06% + 2.5 of the cells were in
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Fig. 2 Comparative analysis of cell growth, viability, EPO titer, and specific cell productivity (qp). A, B Effect of miR-107 overexpression on viable

cell density and cell viability of CHO-hEPO cells during a 3-day culture period after transfection, respectively. C Comparative analysis of total EPO
titer in miR-107 transfected CHO cells with NT and Mock controls, showing a 2.7-fold increase in miR-107 overexpressed cells productivity. D
Comparative analysis of specific cell productivity (q,) in miR-107 transfected CHO cells than NT and Mock controls, revealing a 1.6-fold increase in g,
of miR-107 overexpressed cells (* p<0.05, **p<0.01, ***p<0.001, **** p<0.001)
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the GO/G1 phase, 52.63% +1.96 SD were found in the S
phase, and 16.31%+0.54 SD were in the G2/M phase.
The analysis revealed that the overexpression of miR-107
led to a reduction in the proportion of cells residing in
the G1/GO0 phase (0.66-fold) while concurrently increas-
ing the accumulation of cells in the S phase (1.45-fold)
in comparison with the control group (p<0.01; Fig. 3).
These findings suggest that miR-107 orchestrates its reg-
ulatory influence on cell growth by fostering cell cycle
progression, specifically at the G1/S transition phase.
These findings align with the observed increase in cell
proliferation in miR-107 overexpressing cells. Therefore,
it could be argued that the observed acceleration in cel-
lular growth exhibited by cells over-expressing miR-107
can be attributed to an augmented proportion of cells in
the S phase.

The Overexpression of miR-107 led to a Significant
Enhancement in both the Specific Productivity and EPO
Titer

We conducted a study to investigate the impact of miR-
107 overexpression in CHO-hEPO cells on the pro-
duction of specific productivity and final EPO titer. To
address this inquiry, we collected the cell culture super-
natant from cells transfected with miR-107, as well as
from Mock and NT cells. Subsequently, we measured
the concentration of secreted EPO. The EPO titer was
quantified at 1.49 pg/ml+0.4 SD for the NT group, 1.23
pg/ml+0.3 SD for the mock group, and 3.4 pg/ml+0.18
SD for the miR-107 group. The measurement of qp
resulted in values of 2.3 pg/cell/day (pcd) 0.3 SD for the
NT group, 2.4 pcd+0.09 SD for the mock group, and 4
pcd +0.16 SD for the miR-107 group. As shown in Fig. 2
(C, D), miR-107 overexpressing cells exhibited a remark-
able 2.7-fold increase in EPO titer and a significant 1.6-
fold increase in specific productivity when compared
to the control cells (p<0.01). Hence, it appears that the
overexpression of miR-107 not only enhances cellular

NT Mock
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proliferation but also influences protein production in
CHO-hEPO cells.

Potential molecular insights into miR-107-mediated
pathways

Evidence suggests that miR-107 holds the potential to
emerge as a noteworthy contender for promoting cell
growth and augmenting protein production. As depicted
in Additional file 2: Figure S3, miR-107 interfaces with an
array of cellular processes, including promoting prolifer-
ation and protein synthesis, alongside inhibiting ubiqui-
tin-mediated proteolysis and apoptosis.

miR-107 has been shown to contribute to the regula-
tion of cell cycle progression and the promotion of tumor
cell survival by modulating various intracellular signal-
ing pathways. Numerous investigations on cancer have
highlighted the oncogenic effects of miR-107. It has been
proven that miR-107 exerts its influence on cell growth by
selectively targeting and regulating various proteins that
play a crucial role in cell proliferation, such as FOXO1,
TGFBR2, LET-7, DAPK, KLF4, PTEN, BTRC, LATS2,
TDG, CASPASE-1, GSDMD-N, TLR4, TPM1, WNT3A,
PAR4 (PAWR), CDKS, NF1, PLD1/2, PKC, FAT4, AXIN2,
SIAH1, CD36, TRAF3 and DIABLO (SMAC) (Chen
et al. 2012, 2011, 2019; Gao et al. 2019; Han et al. 2020,
2022; Jiang et al. 2017; Jin et al. 2022; Li et al. 2020, 2014,
2018, 2021; Liu et al. 2020; Liu and Xie 2018; Pinho et al.
2020; Qian et al. 2021; Ren et al. 2019; Roldo et al. 2006;
Shrestha et al. 2014; Song et al. 2014; Wang et al. 2019,
2018, 2016; Zhang et al. 2015a, b, 2019a, 2015a; Zhang
et al. 2020, 2016; Zhao et al. 2019).

Additionally, the bioinformatics algorithm has identi-
fied several predicted genes, including BTRC, FOXO,
PTEN, LATS2, NF1, TGFBR2, and AXIN2, that overlap
with validated genes. From the identified target genes,
the LATS2 and PTEN genes were selected because of
their significant involvement in proliferation and protein
synthesis pathways. We compared the expression levels
of LATS2 and PTEN, as well as their downstream genes

miR-107
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Fig. 3 miR-107 promotes cell cycle progression. Cell cycle analysis of CHO cells was conducted using flow cytometry. The results revealed
enhanced cell cycle progression due to miR-107 overexpression compared to Mock cells. Fractions of cell cycle phases were compared using

a two-way analysis of variance (ANOVA). * p <0.05, ** p < 0.01
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(TSC1, mTORI, S6K, YAD and MYC), in cells expressing
miR-107 and in control cells.

The qPCR analysis indicated that miR-107 expressing
cells significantly reduced LATS2, PTEN, and TSCI gene
expression by approximately 2, 3.5, and 2 times, respec-
tively, compared to the control cells (Fig. 4; p<0.01).
Furthermore, these data revealed substantial elevations
in the expression levels of YAB, mTOR, S6K, and MYC
genes, with increases of approximately 1.7, 1.5, 2.3, and
11 times, respectively, in cells overexpressing miR-107
compared to control cells (p<0.01). These findings sug-
gested that miR-107 plays a pivotal role in modulating
these crucial genes, contributing to enhanced cell growth
and protein production.

Based on the acquired findings, we have presented a
theoretical framework elucidating the potential mecha-
nism of miR-107’s functionality. By repressing PTEN and
activating the PI3K pathway, miR-107 enhances protein
synthesis through mTOR1 stimulation. Notably, miR-107
leads to elevated YAP levels by suppressing LATS2. Con-
sequently, YAP activation triggers the MYC and mTOR1
pathways (Wang et al. 2021)), which leads to increased
proliferation and protein synthesis (Additional file 2: Fig-
ure S4).

Discussion

Chinese Hamster Ovary (CHO) cells have become a cor-
nerstone in producing complex and challenging proteins
and glycosylated proteins (Keysberg et al. 2021). Vari-
ous genetic engineering strategies have been employed
to boost productivity. In recent years, miRNAs have
emerged as promising tools for enhancing CHO cell
productivity by modulating cellular mechanisms such as
proliferation, apoptosis, and post-translational modifica-
tion (Inwood et al. 2018; Jadhav et al. 2013). The manipu-
lation of miRNAs in CHO cells to enhance productivity
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has been a focal point of numerous investigations (Tih-
anyi and Nyitray 2020).

The oncogenic characteristics of miR-107 have been
observed across diverse cancer studies. miR-107 is
known to regulate multiple intracellular signaling media-
tors, contributing to cell cycle progression and bolstering
tumor cell survival. Extensive research has been dedi-
cated to comprehending the impact of miR-107 on cell
growth and proliferation across various human cancers,
as described in the previous section.

Notably, an investigation on ovarian cancer revealed
that miR-107-mimic significantly increased cell prolif-
eration and invasiveness in SKOV3 cells. This study also
showed that miR-107 can modulate the XIAP/caspase-3
signaling pathway by targeting SMAC (Han et al. 2022).
Furthermore, elevated expression of miR-107 has been
noted in bladder cancer (Yu et al. 2018), breast cancer
(Pan et al. 2023), and gastric cancer (Chen et al. 2019). In
these contexts, miR-107 directly targets PTEN, facilitat-
ing the activation of the PI3K/AKT signaling pathways.
This assertion is corroborated by the consistent inverse
relationship between miR-107 levels and PTEN in tumor
samples (Chen et al. 2019; Pan et al. 2023; Yu et al. 2018).

However, it is noteworthy that certain studies in the
field of cancer have reported findings that indicate an
anti-tumor effect of miR-107. For example, elevating
miR-107 levels in MiaPACA-2 and PANC-1 cells led to
reduced cell growth in vitro, linked to the suppression of
cyclin-dependent kinase 6 (CDK6), a potential target of
miR-107 in pancreatic cancer (Lee et al. 2009). Another
research highlighted that miR-107 suppresses the growth
of prostate cancer cells through its interaction with cyclin
El (Zhang et al. 2019a, b). The effects of miRNAs exhibit
a degree of variability depending on the cell type, sug-
gesting a context-dependent nature of their actions.

As previously stated, the selection of miR-107 was
based on its oncogenic characteristics in different types
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of cancers and its involvement in multiple cellular path-
ways, such as cell proliferation, enhanced protein synthe-
sis, and suppression of protein degradation. Consistent
with our expectations, the overexpression of miR-107 in
CHO-hEPO cells resulted in notable impacts on cell via-
bility, growth, and specific productivity. Remarkably, the
miR-107 overexpression led to a substantial elevation in
EPO concentration by approximately 2.7-fold compared
to the Mock cells. Furthermore, the growth and viability
of miR-107-overexpressing cells exhibited enhancements
compared to both the Mock and non-transfected control
cells. Specific productivity also experienced a notable
boost, showing a 1.6-fold improvement compared to the
Mock and non-transfected cells.

Interestingly, the Mock cells displayed similarities with
non-transfected cells regarding specific productivity.
However, a slight decrease was noted in viability and via-
ble cell density compared to non-transfected cells. This
decrease could be attributed to the additional burden
on the cells during transfection. Moreover, the upregu-
lation of miR-107 significantly promoted cell prolifera-
tion, as evidenced by a higher proportion of cells in the S
phase of the cell cycle. This finding indicates a direct cor-
relation between miR-107 overexpression and cell cycle
progression.

The qPCR analysis revealed a 400-fold increase in
miRNA expression in cells transfected with miR-107.
This heightened expression of miR-107 in our CHO-
hEPO cells, coupled with its recognized role in regulat-
ing cell proliferation, suggests that the overexpression of
miR-107 contributes to the increased VCD and specific
productivity of CHO cells. The miR-107 effects on CHO-
hEPO cells could be attributed to the downregulation of
LATS2, PTEN, and TSCI genes, as well as the upregula-
tion of mTOR, S6K, MYC, and YAP.

The PTEN (phosphatase and tensin homolog) protein,
which functions as a tumor suppressor, counteracts the
effects of the PI3K pathway. This antagonist role extends
to PI3K, an upstream activator of the mammalian Tar-
get of Rapamycin (mTOR). By suppressing PTEN and
activating the PI3K pathway, protein synthesis could be
enhanced through mTORI1 stimulation(Song et al. 2012).
The mTOR emerges as a central orchestrator among the
key players in regulating protein synthesis. Its far-reach-
ing influence spans transcription, translation, and protein
synthesis, culminating in the regulation of cell growth
(Asnaghi et al. 2004). The inhibition of mTOR is relieved
by the downregulation of the TSCI gene, which acts as
an inhibitor of mTOR. As part of this intricate network,
the Ribosomal Protein S6 Kinase B1 (S6K) gene plays a
pivotal role. This gene fuels protein synthesis, cellular
growth, and proliferation within the mTOR signaling
pathway.
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The Large Tumor Suppressor Kinase 2 (LATS2) gene
regulates the Yes-Associated Protein (YAP). The down-
regulation of LATS2 expression results in elevated YAP
levels, a vital factor in cell growth and proliferation
(Croci et al. 2017; Goodman et al. 2015). On another
front, MYC is classified as a proto-oncogene encoding a
nuclear phosphoprotein that actively participates in vari-
ous cellular processes, including apoptosis and cell cycle
progression. Amplification of the MYC gene is a common
occurrence in different types of human cancers (Chen
et al. 2018; Chen and Olopade 2008; Kalkat et al. 2017;
Schaafsma et al. 2021).

It seems that the downregulation of PTEN and TSCI
can potentially activate the PI3K pathway, subsequently
resulting in the upregulation of mTOR and S6K, thereby
enhancing protein synthesis. Additionally, the increase in
YAP levels by suppressing LATS2 further promotes cell
proliferation and protein synthesis by activating MYC
and mTORI (refer to Additional file 2: Figure S4).

Moreover, there is potential for future investigation
into the remaining target genes, such as BTRC, FOXO1,
NF1, TGFBR2, and AXIN2. BTRC is involved in various
pathways, including the regulation of activated PAK-2p34
through proteasome-mediated degradation (Toma-Fukai
and Shimizu 2021; Winston et al. 1999; Zhou et al. 2013).
FOXO1 plays a pivotal role in various essential cellular
processes by regulating gene expression programs that
govern apoptosis, cell-cycle progression, and resistance
to oxidative stress (Carter and Brunet 2007). NF1 func-
tions as a tumor suppressor gene. This particular gene
serves as a GTPase-activating protein, which plays a
crucial role in inhibiting the activity of the RAS/MAPK
pathway by expediting the hydrolysis of GTP bound to
Ras(Upadhyaya et al. 2012). TGFBR2 regulates the tran-
scription of genes associated with cell proliferation, cell
cycle arrest, and tumorigenesis (Sivadas and Kannan
2014; Wieser et al. 1995). The AXIN2 gene plays a crucial
role in regulating the Wnt/B-catenin signaling pathway.
This pathway involves various cellular processes such as
cell proliferation, migration, apoptosis, and other func-
tions (Li et al. 2015). A more comprehensive analysis of
the expression levels of these potential target genes could
provide valuable insights into the intricate mechanism
exerted by miR-107.

Multiple efforts have been made to enhance the
expression efficiency of challenging proteins in CHO
cells through miRNA manipulations. Notably, XU
et al. investigated the impact of miR-106b overexpres-
sion on IgG-producing CHO cells, reporting a sub-
stantial increase of 66% in the volumetric productivity
of CHO cells (Xu et al. 2019b). Additionally, Strotbek
and colleagues indicated the beneficial effects of stable
miR557-miR1287 overexpression in IgGl-expressing
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CHO cells, improving viable cell density and specific
productivity (Strotbek et al. 2013). A recent study
focused on miR-7, utilizing sponge decoy technology
for stable miRNA depletion. This investigation revealed
a 65% increase in cell growth, enhanced viability, and
an impressive over threefold boost in the yield of
secreted IgG protein in CHO-KI1 cells (Coleman et al.
2019). Recently, the overexpression of miR-32 in CHO
cells led to a notable enhancement in growth rate and
a remarkable 1.8-fold increase in productivity (Bazaz
et al. 2023).

In conclusion, this research represents the inaugu-
ral endeavor to explore the impact of miR-107 overex-
pression on CHO cell productivity within our current
knowledge scope. As widely acknowledged, the volu-
metric titer of the protein is directly proportional
to both the viable cell density (VCD) and the specific
productivity (q,). Our research findings demonstrated
that introducing miR-107 into CHO-hEPO cells engen-
ders elevated VCD and q,. To conduct more extensive
research, it is advisable to employ diverse strains or
varieties of CHO cells, as well as alternative industrial
host cells like HEK or SP2/0. Also, it is recommended
to utilize different protein-producing cells, such as
ETN or IgG-producing cells. Additionally, conducting
proteomics analysis is recommended to gain deeper
insights into the underlying mechanisms involving
miR-107. Furthermore, the synergistic combination of
this miRNA with others possessing regulatory roles in
growth and productivity could present promising ave-
nues for CHO cell engineering and subsequent produc-
tivity enhancement.

Abbreviations

CHO Chinese hamster ovary

miR-107  MicroRNA-107

MIRNAs  MicroRNAs

FBS Fetal Bovine Serum

GFP Green fluorescent Protein

VCD Viable cell density

ap Specific productivity

pcd Picogram/cell/day

EPO Erythropoietin

PI3K Phosphatidylinositol-3 kinases
PTEN Phosphatase and tensin homolog
TSC1 Tuberous Sclerosis 1

LATS2 Large Tumor Suppressor Kinase 2
mTOR Mammalian target of rapamycin
SeK Ribosomal Protein S6 Kinase B1
YAP Yes-Associated Protein

BTRC Beta-Transducin Repeat Containing E3 Ubiquitin Protein Ligase
FOXO1 Forkhead Box O1

NF1 Neurofibromin 1
TGFBR2  Transforming Growth Factor Beta Receptor 2

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513568-024-01670-y.

Page 9 of 11

Additional file 1. Sheet 1: miR-107's target genes predicted by 4
databases (miRWalk, miRanda, RNA22 and Targetscan). Sheet 2: miR-107's
target genes identified by MiRTarBase. Sheet 3: miR-107's target genes
identified through a literature review.

Additional file 2. Table S1. Sequences of primers and stem loops. Figure
S1. Conserved sequences of mir-107 in human, mouse, and Chinese
hamster. Figure S2. The cassette harboring miR-107: The flanking regions
are depicted in green, the loop region is represented by the purple
sequence, the miR-107 sequence is denoted by the red sequence, and the
miR-107* (antisense) sequence is indicated by the orange region. Figure
$3. miR-107 target gene pathways. The schematic representation illus-
trates pathways involving miR-107 target genes. The color-coded shapes
provide insight into the regulatory impact of miR-107 on gene expression.
Green shapes indicate downregulated genes, while purple shapes signify
upregulated genes. The lozenge shapes correspond to validated target
genes of miR-107, identified through literature review and MiRTarBase.
The parallelogram shapes denote predicted target genes of miR-107,
detected using predictive algorithms. Additionally, circle shapes represent
target genes of miR-107 identified through a combination of validated
and predicted approaches. Figure S4. Schematic view of our theoretical
framework for the mechanism of miR-107 in CHO cells. The data obtained
in gPCR analysis revealed the downregulation of LATS2, PTEN and TSC1
genes, as indicated by green arrows pointing downwards. At the same
time, the upregulation of YAP, MYC, mTOR, and S6K were denoted by
purple arrows pointing upwards.
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