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Abstract

Objectives: This study aims to investigate the function of the protein arginine methyltransferase 5 (PRMT5) and fibroblast
growth factor receptor 3 (FGFR3)/Akt signaling axis in the epithelial-mesenchymal transition (EMT) of human lung cancer.
Methods: The mRNA and protein expression levels of PRMT5, FGFR3, p-Akt, and EMT markers are determined by quantitative
real-time PCR and Western blotting, respectively; the expression and localization of PRMT5, p-Akt, and proliferating cell nuclear
antigen are detected by immunofluorescence; the human lung cancer cell proliferation is measured by MTS assay. Results:
PRMT5 and FGFR3 are highly expressed in human lung cancer tissues and are closely related to lymphatic metastasis.
Moreover, down-regulation of PRMTS5 by lentivirus-mediated shRNAs or inhibition of PRMT5 by specific inhibitors attenuates
FGFR3 expression, Akt phosphorylation, and lung cancer cell proliferation. Further studies show that silencing PRMTS5 impairs
EMT-related markers, including vimentin, collagen I, and B-catenin. Conversely, ectopic expression of PRMT5 increases FGFR3
expression, Akt phosphorylation, and EMT-related markers, suggesting that PRMT5 regulates metastasis probably through the
FGFR3/Akt signaling axis. Conclusion: PRMT5/FGFR3/Akt signaling axis controls human lung cancer progression and metastasis
and also implies that PRMT5 may serve as a prognostic biomarker and therapeutic candidate for treating lung cancer.
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Introduction ,
Department of Pulmonary Medicine, Shanghai Jinshan Tinglin Hospital,

The lethality rate of human lung cancer has ranked near the top
in recent years, and lung cancer is regarded as a highly deadly
and aggressive tumor, especially nonsmall cell lung cancer
(NSCLC)."? It has been shown that more than 90% of cancer-
related deaths in NSCLC are promoted by tumor progression,
especially metastasis. Human lung adenocarcinoma, a major
subtype of NSCLC, is more liable to metastasize than lung squ-
amous carcinoma at the early stage.”* Therefore, exploring the
molecular mechanisms of lung adenocarcinoma metastasis is
essential, which could discover new therapeutic targets for
treating lung cancer at an early stage.
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Accumulating evidence suggests that protein arginine methyla-
tion is one of the most common post-translational modifications,
which control kinase activity, protein stability, interaction, translo-
cation, and localization.” Protein arginine methyltransferase 5
(PRMTS) belongs to the type II arginine methyltransferase that pro-
duces the symmetrical dimethylation of histone or non-histone
protein substrates at the arginine residues, which are engaged in
various fundamental cellular processes, including DNA replication,
reparation and transcription, RNA splicing, protein degradation,
cell metabolism, cell cycle progression, proliferation, ribosome bio-
genesis, anti-apoptosis, and signaling transduction.®® Dysfunction
of PRMTS? is closely linked to different human cancers, including
lung cancer. It has been reported that PRMTS5 governs lung cancer
cell growth and duplication through PI3K/Akt signaling cascades,
whereas down-regulation of PRMTS5 expression facilitates lung
cancer cell apoptosis induced by resveratrol via Akt/glycogen syn-
thase kinase 3p signaling pathway.'® Previous studies have shown
that PRMTS was involved in tumorigenesis and inhibited tumor
suppressor F-box and WD repeat domain-containing 7 to
promote c-Myc expression and induce pancreatic cancer cell prolif-
eration.'! However, to date, few studies have revealed the biolog-
ical functions of PRMTS in the regulation of metastasis in human
lung cancer, and the related molecular mechanisms are still
unknown.

In this study, we aim to investigate the function of the PRMTS
and fibroblast growth factor receptor 3 (FGFR3)/Akt signaling
axis in the epithelial-mesenchymal transition (EMT) of human
lung cancer and uncover the crucial role of PRMTS/FGFR3/Akt
in metastasis in human lung cancer and reveal the underlying
molecular mechanisms.

Materials and Methods

Lung Cancer Tissues Collection

Fresh human lung cancer tissues and matched adjacent normal
tissues were collected between January 2018 and January 2020
from patients who accepted surgical treatment in Minhang hospi-
tal, Fudan University. Total 15 matched tissue samples including,
normal lung tissues, lung tumor and lymph nodes without metas-
tasis and lymph nodes with metastasis, were collected and were
immediately flash frozen in liquid nitrogen. Then, those samples
were used for further experiments and assays. The study was
approved by the Ethical Committee of Shanghai Jinshan Tinglin
Hospital. The ethic approved number is SBKT-2017-12081.

Cell Culture and Chemicals

The ASTC-a-1 cells were obtained from the Department of
Medicine, Jinan University (Guangzhou, China) and the
A549 cells were obtained from ATCC. ASTC-a-1 and A549
cells were cultured in Dulbecco’s Modified Eagle’s Medium
(1:1) (DMEM, Gibco, Thermo Fisher Scientific) supplemented
with 10% (v/v) fetal bovine serum (FBS, Sigma cat# F2442),
50 units/mL penicillin, and 50 mg/mL streptomycin. H1299
cells were cultured in RPMI-1640 containing with 10% (v/v)

FBS, 50 units/mL penicillin, and 50 mg/mL streptomycin.
The cells were maintained at 37 °C with 5% CO, in an incuba-
tor. PRMTS specific inhibitor GSK591 was purchased from
Sigma (cat# SML-1751). The PRMTS potent inhibitors
GSK3326595 (cat# S8664) and EPZ015666 (cat# S7748)
were purchased from Selleck Chemicals.

Plasmids

We generated the lentivirus containing 2 human PRMT5-shRNAs
to knock down PRMTS5 expression in lung cancer cells. The
human PRMTS targeting sequences were shown below:
shRNAIL, 5-GGATAAAGCTGTATGCTGT-3’;  shRNA2:
5-GCCATCTATAAATGTCTGCTA-3'. In order to package
the lentivirus containing PRMT5-shRNAs, the helper plasmids
MD2G and PAX2 were used (Addgene). In addition, we gener-
ated the human Flag-PRMT?5 plasmid to perform the gain-of-
function experiments. The human PRMTS5 cDNA was subcloned
into the Flag vector and verified by sequencing.

Gene Expression Assay

In order to carry out gene expression analysis, the total RNA was
extracted from human normal and lung cancer tissues or A549
cells using TRIzol reagent (Cat# 15596-018; Invitrogen) according
to the manufacturer’s protocol. Subsequently, an equal amount of
RNA (1 pg) was used to perform the reverse transcription using
Bio-Red PCR thermal cycler (C1000). Next, the SYBR green fluo-
rescent Dye (cat# 1725272; Bio-Rad) was subjected to the quan-
titative real-time PCR (qRT-PCR) for gene expression analysis
using an ABI7500 PCR machine (Applied Biosystems™). The
following primers were used in this study: human PRMTS5
forward: 5-CCTGTGGAGGTGAACACAGT-3' and revise:
5'-AGAGGATGGGAAACCATGAG-3’; FGFR3 forward:
5'-CATCCGGCAGACGTACACGC-3" and revise: 5'-ACTG
TACACCTTGCAGTGGA-3'; B-catenin forward: 5-AAAG
CGGCTGTTAGTCACTGG-3' and revise: 5-CGAGTCA
TTGCATACTGTCCAT-3'; Collagen I forward: 5'-GAGG
GCCAAGACGAAGACATC-3' and revise: SSCAGATCAC
GTCATCGCACAAC-3; vimentin forward: 5-AGTCCAC
TGAGTACCGGAGAC-3’ and revise: 5-CATTTCACGCA
TCTGGCGTTC-3'; E-cadherin forward: 5'-ATTTTTCCCTC
GACACCCGAT-3' and revise: 5-TCCCAGGCGTAGACCA
AGA-3’; GAPDH, forward: 5-CCATGTTCGTCATGGGTG
TG-3' and revise: 5'-CAGGGGTGCTAAGCAGTTGG-3'.
GAPGH served as an internal control. The relative mRNA
expression level was calculated by the method of AA-Ct.

Construction of PRMT5 Stable Knockdown Cell Line

To generate a PRMTS stable depletion cell line, the lentivirus
containing scramble or PRMT5-shRNAs was co-transfected
along with the helper plasmids MD2G and PAX2 into 293 T
cells using LipofectamineTM 3000 (cat# L3000015,
Invitrogen) transfection reagent (Invitrogen, cat# 11668019)
according to the manufacturer’s protocol. The culture media
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was harvested, and the viral titer was pre-determined after 48 h.
To further generate the PRMTS stable knockdown cell line,
A549 cells were infected with the indicated lentivirus with an
equal amount of virus particles and then selected with puromy-
cin (1 mg/mL, Sigma, cat# p9620) for 48 h. The non-infected
cells were killed, and the PRMTS depletion stable cells were
used for the indicated experiments.

Cell Transfection

A549 cells were seeded into the 6-well plates and were transfected
with flag-vector or human flag-PRMT?5 plasmid when the cells
were grown at around 70% using the LipofectamineTM 3000
(cat# 13000015, Invitrogen) transfection reagent according to
the manufacturer’s protocol. The cells were harvested for
Western blotting analysis after 48-h post-transfection.

Western Blotting Analysis

Western blotting was performed as described previously.?’
Briefly, the total proteins were extracted from A549 cells or
normal human tissues, and lung cancer tissues using the lysis
buffer (20 mmol/L Tris, PH 7.4, 2 mmol/L EDTA, 2 mmol/L
EGTA, 1 mmol/L sodium orthovanadate, 1% Triton X-100,
150 mmol/L NaCl, 50 mmol/L sodium fluoride, 0.1% SDS, and
100 mmol/L phenylmethylsulfonyl fluoride) and then were centri-
fuged for 10 min at 4 °C. The proteins were separated in sodium
dodecyl sulfate/polyacrylamide gel electrophoresis (SDS/PAGE)
and transferred to the PVDF membranes (cat#1620177;
BioRed). Next, the membranes were washed 4 times with TBST
for 10 min and blocked with 5% non-fat milk for 1 h at room tem-
perature. The membrane was incubated with the following anti-
bodies: PRMTS (cat# sc-376937; Santa Cruz Biotechnology),
Symmetric Di-Methyl Arginine Motif [sdme-RG] MultiMab™
(cat# 13222; Cell Signaling Technology), phospho-Ser473-Akt
(cat# 4060; Cell Signaling Technology), total Akt (cat# 4691;
Cell Signaling Technology), p-catenin (cat¥ 8480; Cell
Signaling Technology), Collagen I (cat# ab34710; Abcam),
FGFR3 (cat# 4574; Cell Signaling Technology), vimentin (cat#
5741; Cell Signaling Technology), E-cadherin (cat# 14472; Cell
Signaling Technology), and f-actin (cat# sc-47778, Santa Cruz
Biotechnology). After incubation, the membranes were washed
4 times with TBST for 5 min and incubated with goat anti-mouse
conjugated to HRP secondary antibody (cat# sc-2005; Santa
Cruz Biotechnology) or goat anti-rabbit conjugated to HRP sec-
ondary antibody (cat# sc-2004; Santa Cruz Biotechnology) for
2h at room temperature. Immunoreactivity was detected by
SuperSignal West Pico Chemiluminescent Substrate Western blot-
ting detection reagents (cat# 34580; Thermo Fisher Scientific).

Immunofluorescence

A549 were cultured on glass coverslips and incubated over-
night to establish adherence. The cells were fixed with 3.7%-4%
paraformaldehyde for 15 min at room temperature and then permea-
bilized with ice-cold methanol for 15 min at —20 °C. The cells were

incubated in blocking buffer (PBS containing 5% normal goat
serum and 0.3% Triton X-100) for 1 h at room temperature,
followed by incubation with anti-PRMTS (cat# sc-376937;
Santa Cruz Biotechnology), anti-proliferating cell nuclear antigen
(cat## 13110; Cell Signaling Technology), anti-phospho-Ser473-
Akt (cat# 4060; Cell Signaling Technology), and anti-actin antibody
(cat# 4970; Cell Signaling Technology or cat# sc-47778; Santa
Cruz Biotechnology) (diluted 1:100 in blocking buffer) at 4 °C
overnight. Cells were washed 4 times for 5 min in PBS and then
incubated for 2 h with Alexa Fluor 488-conjugated goat anti-rabbit
secondary antibody (cat no. A-11034; Thermo Fisher) for
p-serd73-Akt, PCNA, and actin; Alexa Fluor 568-conjugated goat
anti-mouse secondary antibody (cat no. A-11004; Thermo Fisher)
for PRMTS (diluted 1:500 in blocking buffer) at room temperature.
Nuclei were stained with DAPI (cat no. D9542; Sigma) for 15 min
at room temperature before observation. The images were captured
with a confocal microscopy system (LSM700, Zeiss).

Cell Proliferation Assay

A549, H1299, and ASTC-a-1 cells were seeded in 96-well
plates and then maintained in the presence of vehicle or indi-
cated PRMTS inhibitors before adding 20 pL CellTiter 96
AQueous One Solution per well (Promega Corporation,
Madison, WI. cat# G3582). Plates were incubated for 2 h, and
then the OD490 (absorbance) was determined with a microplate
reader (Tecan Infinite 200). Wells containing medium only
served as background for the measurement. In some experi-
ments, PRMTS stable depletion A549 cells were seeded in
96-well plates and cultured at different time points, and the
cell proliferation was measured as described above.

Statistical Analysis

All experiments were performed in triplicate under identical
conditions, and the data were shown as meansz+ SD.
Unpaired 2-tailed Student’s #-test analyzed differences
between the 2 groups. The difference with P <.05 was consid-
ered statistically significant.

Results

PRMT5/FGFR3/Akt Signaling Axis is Hyperactivated in
Human Lung Cancer Tissues

It has been shown that PRMTS is involved in various types of
human cancer progression and is considered as an oncogene,’
whereas how PRMTS exerts its function in human lung cancer is
still unclear. Our previous studies have shown that PRMTS5 facili-
tated lung cancer cell growth and replication by activating Akt.'?
Nevertheless, how PRMT5 regulates Akt activity is still
unknown. To validate the clinical relevance of PRMTS5 expression
in human lung cancer, we first analyzed the mRNA expression
level of PRMTS and FGFR3 using clinical samples. We found
that PRMTS and FGFR3 mRNA expression level was higher in
lung cancer tissues than in normal tissues (Figure 1A). To further
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Figure 1. PRMT5/FGFR3/Akt axis is highly expressed in human lung cancer tissues. (A) The relative mRNA expression levels of PRMTS and
FGFR3 were measured by qRT-PCR in human lung cancer tissues and adjacent normal tissues (n=15). **P <.01 versus normal tissues. (B)
PRMTS, FGFR3, and phospho-Akt protein expression levels were detected by Western blotting in adjacent normal tissues (n) and human lung
cancer tissues (t). (C and D) PRMTS and FGFR3 expression levels were determined by Western blotting in adjacent normal tissues (n), human
lung cancer tissues (t), and with (+) or without (—) lymph node metastasis.

confirm these results, PRMTS and FGFR3 protein expression was
detected by Western blotting. As shown in Figure 1B, PRMTS and
FGFR3 protein expression was significantly increased in lung
cancer tissues compared with normal tissues. Moreover, Akt phos-
phorylation was dramatically increased in lung cancer tissues,
whereas the total Akt expression was unchanged. These results
imply that PRMT5 regulates Akt activity by regulating FGFR3.
Subsequently, we measured the PRMTS and FGFR3 expression
in normal tissues, lung cancer tissues, and with or without lymph
node metastasis tissues. We found that PRMTS5 and FGFR3 were
overexpressed in lymph nodes with metastasis compared with

normal tissues but not in lymph without metastasis (Figure 1C
and D). Our results suggest that PRMTS/FGFR3/Akt signaling is
closely related to lung cancer metastasis.

Down-Regulation of PRMT5 Reduces FGFR3/Akt
Signaling in Lung Cancer Cells

To investigate the effects of PRMTS on FGFR3/Akt signaling and
cell proliferation in lung cancer cells, we first generated the PRMTS5

stable knockdown cell line (A549 cells). As shown in Figure 2A
and B, silencing PRMTS5 markedly reduced the expression levels
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Figure 2. Silencing of PRMTS impairs FGFR3/Akt signaling in lung cancer cells. (A) A549 cells were infected with lentivirus containing
PRMT5-shRNAs, and the indicated protein expression levels were detected by Western blotting. Representative pictures were shown. (B) The
indicated protein expression levels were quantified. *P <.05 versus Scr, n=3. (C) The PRMTS expression and localization were measured by
immunofiuorescence in PRMTS depletion A549 cells. Representative pictures were shown (n=3). Scale bar =50 pm. (D) The phospho-Akt-Ser473
expression and localization were measured by immunofluorescence in PRMTS5 depletion A549 cells. Representative pictures were shown (n=3). Scale
bar = 50 pum. (E) The proliferation marker PCNA expression was measured by immunofiuorescence in PRMTS depletion A549 cells (n = 3). Scale bar=
50 pm. (F) Cell viability was determined by MTS assay in PRMTS5 depletion A549 cells (n=4). *P<.05 versus Scr, n=3.
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of FGFR3 and Akt phosphorylation. Furthermore, down-
regulation of PRMTS also significantly decreased the cellular sym-
metric dimethylarginine (SDMA) expression, representing readout
of PRMTS enzymatic activity, suggesting that PRMTS regulates
FGFR3/Akt signaling in lung cancer cells. To further explore the
effects of PRMTS5 on FGFR3/Akt signaling and cell proliferation,
immunofluorescence was carried out in PRMTS5 depletion cells. As
shown in Figure 2C, PRMTS was located in the cytosol and cell
surface (indicated by arrows) in control cells, implying that
PRMTS5 may directly interact with FGFR3, while PRMTS5 expres-
sion almost completely disappeared in PRMTS5 depletion cells,
including cell surface. As shown in Figure 2D, phosphorylated
Akt expression is visible, and activated Akt is located on the cell
surface in control cells, while phosphorylated Akt expression
almost completely disappeared in PRMTS5 depletion cells, includ-
ing cell surface (indicated by arrows). These results suggest that
PRMTS5 regulates FGFR3/Akt signaling in lung cancer cells.
Next, the effects of PRMTS depletion on cell proliferation in
lung cancer cells were evaluated. As shown in Figure 2E, PCNA,
a cell proliferation marker, was distinctly reduced in PRMTS5
knockdown cells compared with control cells, and the cell viability
was dramatically decreased as well (Figure 2F). Altogether, our
results demonstrate that PRMTS5 controls lung cancer cell prolifer-
ation via FGFR3/Akt signaling.

Inhibition of PRMT5 Represses FGFR3/Akt Signaling in
Lung Cancer Cells

To further confirm our hypothesis above, we block PRMTS activity
with 3 specific inhibitors (EPZ, GSK595, and GSK591) which are
commonly used in many investigations and clinical trial studies. As
shown in Figure 3A, inhibiting PRMTS activity by specific inhib-
itors markedly impaired the expression levels of FGFR3 and Akt
phosphorylation. Moreover, inhibition of PRMTS also signifi-
cantly decreased the cellular SDMA expression. To further evalu-
ate the effects of PRMTS inhibitors on FGFR3/Akt signaling and
cell proliferation, immunofluorescence was performed upon treat-
ment of PRMTS inhibitor GSK591. As shown in Figure 3B, phos-
phorylated Akt expression is visible and activated Akt located on
the cell surface in cells treated with vehicle, while phosphorylated
Akt expression was almost completely disappeared in cells treated
with PRMTS? inhibitor GSK591, including cell surface. As shown
in Figure 3C and D, PCNA, a cell proliferation marker, was dis-
tinctly reduced in cells treated with PRMTS5 inhibitor compared
with control cells treated with vehicle. In addition, the cell viability
was dramatically decreased as well under PRMTS inhibitor treat-
ment compared with control cells (Figure 3E). Collectively, these
results confirm our findings that PRMTS regulates lung cancer
cell proliferation via FGFR3/Akt signaling.

PRMT5 Regulates Lung Cancer Cell Metastasis Through
FGFR3/Akt Signaling Axis

We next determined EMT biomarkers expression to probe the
molecular basis for PRMT5-mediated cell metastasis, including

vimentin, collagen I, f-catenin, and E-cadherin. As shown in
Figure 4A and C, down-regulation of PRMTS5 significantly
reduced the expression of mesenchymal markers, including
vimentin, collagen I, and f-catenin, both at mRNA and
protein level, whereas PRMTS5 depletion dramatically induced
epithelial marker E-cadherin expression. In order to further
confirm our results, we reintroduced Flag-PRMTS5 in PRMTS5
depletion cells. As shown in Figure 4B and D, the re-expression
of PRMTS significantly increased the expression of mesenchy-
mal markers, including vimentin, collagen I, and f-catenin, both
at mRNA and protein level, whereas PRMTS5 re-expression dra-
matically reduced epithelial marker E-cadherin expression.
Finally, we also found that re-expression of PRMTS5 markedly
elevated the expression levels of FGFR3 and Akt phosphoryla-
tion in PRTMS depletion cells, which are closely related to
tumor cell metastasis. Altogether, our findings suggest that
PRMTS5 modulates lung cancer cell metastasis by activating
FGFR3/Akt signaling axis.

Discussion

So far, it is well known that PRMTS is considered as an onco-
protein and engaged in various human cancer progression and
development by regulating different signaling pathways.'?
Thus, PRMTS5 has become an up-and-coming candidate for
treating human cancers. Nevertheless, it is still completely
unknown whether PRMTS5 controls cancer cell metastasis,
and the related molecular mechanisms are also obscure, espe-
cially in human lung cancer. The findings in the current study
showed that PRMTS5/FGFR3 and phosphorylated Akt were
highly expressed in human lung cancer tissues and were
closely related to lymph nodes with metastasis (Figure 1).
This phenomenon implies that PRMT5 may control lung
cancer metastasis by regulating FGFR3/Akt signaling axis.
Our further investigation showed that silencing PRMTS by
lentivirus-mediated shRNAs or inhibiting PRMTS by specific
inhibitors, not only reduced the expression levels of FGFR3
and phosphorylated Akt but also prevented lung cancer cell pro-
liferation (Figures 2 and 3). These results further confirmed our
hypothesis that PRMTS governed lung cancer cell growth by
regulating FGFR3/Akt signaling axis. Moreover, down-
regulation or re-expression of PRMTS5 decreased or promoted
EMT-related markers (Figure 4) and FGFR3/Akt signaling
axis (Figures 2 to 4), including vimentin, collagen I, and
B-catenin, respectively, indicating that PRMTS5 modulates
lung cancer cell metastasis activating FGFR3/Akt signaling
axis. These results suggest that PRMTS could be served as a
novel target for treating human lung cancer therapy and raise
the possibility that PRMT5 promotes human lung cancer cell
proliferation and metastasis by controlling FGFR3/Akt signal-
ing axis (Figure 5).

A previous study has demonstrated that down-regulation of
PRMTS repressed cell duplication at the G1 phase, and PRMTS
activity was regulated by CDK4/cyclin D1 complex through the
phosphorylation of MEP50.'* Moreover, PRMT5 promotes
liver cancer cell proliferation by inhibiting BTG2 expression
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metastasis markers were measured by qRT-PCR in PRMTS depletion A549 cells, which overexpressed Flag-PRMTS (n=4). *P<.05 versus
Vector. (C). The indicated protein expression levels were detected by Western blotting in PRMTS5 depletion A549 cells. Representative pictures
were shown (n=3). (D) The indicated protein expression levels were detected by Western blotting in PRMTS depletion A549 cells, which
overexpressed Flag-PRMTS. Representative pictures were shown (n=3).
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Figure 5. The proposed model of the PRMTS/FGFR3/Akt axis regulates metastasis in human lung cancer.

and up-regulation of cyclin E1 and cyclin D1."> Furthermore,
PRMTS methylated CDT1 and E2F1 to promote cells entry
G1-to S-phase and cycle progression.'*'®!” These observations
indicate that PRMTS is essential for cell proliferation via regu-
lation of cell cycle progression and imply that PRMTS is a
pivotal upstream mediator for cancer cell proliferation. In the
present study, we showed that silencing or inhibiting PRMTS
by shRNAs or inhibitors prevented lung cancer cell growth,
which not only suggested that PRMTS regulates cancer cell pro-
liferation and metastasis but also indicates that PRMTS is a crit-
ical upstream regulator for human lung cancer cell growth.

Our previous study showed that PRMTS facilitated lung
cancer cell growth by regulating AKT activity.'?> However,
how PRMTS controls AKT activity is still unknown. More
and more evidence has shown that FGFR3 was found in
NSCLC, which has a crucial role in lung cancer initiation and
progression.'® Additionally, FGFR3 played a vital role in a
variety of biological processes, including differentiation, devel-
opment, cell metabolism, proliferation, invasion, angiogenesis,
and carcinogenesis by several intracellular pathways,'® includ-
ing the PI3K/AKT % and Ras/Raf/MEK signaling pathways.?'
The current study showed that PRMTS controlled lung cancer
cell proliferation by regulating FGFR3/Akt signaling axis.
Furthermore, a recent novel study reported that PRMTS inter-
acts with AKT and methylated AKT-R15 to promote tumor
metastasis, providing direct evidence to show how PRMTS5
controls AKT activity as well.*

EMT is the most critical event in human cancer progression,
development, and metastasis, which is also linked to the func-
tions of various human cancers, including migration, invasion,
and tumor initiation.”>** It has been shown that EMT was

tightly controlled by Akt in various types of human cancer,
including lung cancer. Akt is the master regulator for tumor
cell survival, proliferation, and anti-apoptosis.>> Dysfunction
of Akt signaling has participated in different human diseases,
such as autoimmune, metabolic diseases, cardiovascular disor-
ders, and cancer.”® However, how PRMTS5 regulates EMT in
human lung cancer cells and the underlying molecular mecha-
nism remains unknown, although previous studies have
shown that PRMTS regulates cancer cell proliferation by
PI3K/PTEN/Akt signaling. In the present study, we showed
that PRMTS regulated EMT by activating FGFR3/Akt axis in
lung cancer cells using PRMT5-stable depilation cells. A
recent study showed that PRMTS was positively associated
with FGFR3 expression and promoted lung cancer growth
and metastasis through miR-99.%® Nevertheless, this study did
not fully show how PRMTS regulates EMT in human lung
cancers; the related mechanism is still unclear. In the present
study, we showed that PRMTS and FGFR3 were highly
expressed in human lung cancer tissues and were closely
related to lymphatic metastasis. Moreover, down-regulation of
PRMTS by lentivirus-mediated shRNAs or inhibition of
PRMTS by specific inhibitors attenuates FGFR3 expression,
Akt phosphorylation, and lung cancer cell proliferation.
Further studies showed that silencing PRMTS impairs
EMT-related markers, including vimentin, collagen I, and
B-catenin. Conversely, ectopic expression of PRMTS increases
FGFR3 expression, Akt phosphorylation, and EMT-related
markers, suggesting that PRMT?S regulates metastasis probably
through the FGFR3/Akt signaling axis.

There are limitations to this work. While PRMTS5/FGFR3/
Akt signaling axis control lung cancer cell proliferation and
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metastasis, future studies should further identify how PRMTS5
directly or indirectly controls FGFR3 activity. In this work,
the number of clinical tumor samples from human individuals
was relatively small. Future investigation will be required to
confirm the positive correlation among PRMTS5, FGFR3, and
p-Akt. Moreover, the mechanism by which PRMTS regulates
FGFR3 is still not fully understood, but it may also involve
methylation of FGFR3 or other related targets, which was not
directly detected in this work. Finally, as noted above, the
downstream factors of the PRMTS5/FGFR3 signaling axis in
metastasis need to be further identified.

Conclusion

Our findings demonstrate that PRMTS is an ectopic expression
in human lung cancer tissues. In addition, our studies uncover
that PRMTS promotes human lung cancer cell proliferation
probably via FGFR3/Akt signaling axis. The noteworthy
feature of our findings is that PRMTS5 regulates the activation
of the FGFR3/Akt signaling axis, which then affects the expres-
sion of the downstream targets involved in metastasis. Most
importantly, we established the relationship between PRMTS5
and FGFR3/Akt signaling axis in human lung cancer. The
new insights into regulating the FGFR3/Akt signaling axis gov-
erned by PRMTS elicit a new mechanism of PRMTS carcino-
genic function in human lung cancer.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Ethical Approval

The study was approved by the Ethical Committee of Shanghai Jinshan
Tinglin Hospital. The ethic approved number is SBKT-2017-12081.

Funding

The authors disclosed receipt of the following financial support for the
research, authorship, and/or publication of this article: This work was sup-
ported by Project of Shanghai Municipal Health Commission (201940102,
201940280), Specialist Fund of Central Hospital of Shanghai Minhang
District  (YJXK-2021-02-005), and Supported Specialist Fund of
Shanghai Jinshan Tinglin Hospital (TLZK2020-FO1).

ORCID iDs

Yonghua Zheng https:/orcid.org/0000-0002-7799-9612
Jingjing Lu https:/orcid.org/0000-0003-2841-3117
References

1. Jonna S, Subramaniam DS. Molecular diagnostics and targeted
therapies in non-small cell lung cancer (NSCLC): An update.
Discov Med. 2019;27(148):167-170.

2. Herbst RS, Morgensztern D, Boshoff C. The biology and manage-
ment of non-small cell lung cancer. Nature. 2018;553(7689):446-
454. doi: 10.1038/nature25183

10.

11.

12.

13.

15.

16.

17.

18.

19.

Relli V, Trerotola M, Guerra E, Alberti S. Abandoning the notion
of non-small cell lung cancer. Trends Mol Med. 2019;25(7):585-
594. doi: 10.1016/j.molmed.2019.04.012

Wood SL, Pernemalm M, Crosbie PA, Whetton AD. The role of
the tumor-microenvironment in lung cancer-metastasis and its
relationship to potential therapeutic targets. Cancer Treat Rev.
2014;40(4):558-566. doi: 10.1016/j.ctrv.2013.10.001

Wu Q, Schapira M, Arrowsmith CH, Barsyte-Lovejoy D. Protein
arginine methylation: From enigmatic functions to therapeutic tar-
geting. Nat Rev Drug Discovery. 2021;20(7):509-530. doi: 10.
1038/s41573-021-00159-8

Stopa N, Krebs JE, Shechter D. The PRMTS5 arginine methyltransfer-
ase: Many roles in development, cancer and beyond. Cell Mol Life
Sci. 2015;72(11):2041-2059. doi: 10.1007/s00018-015-1847-9

Kim H, Ronai ZA. PRMTS Function and targeting in cancer. Cel/
Stress. 2020;4(8):199-215. doi: 10.15698/cst2020.08.228
Motolani A, Martin M, Sun M, Lu T. The Structure and Functions
of PRMTS in Human Diseases. Life. 2021;11(10): 1074. doi: 10.
3390/1ife11101074

Shailesh H, Zakaria ZZ, Baiocchi R, Sif S. Protein arginine meth-
yltransferase 5 (PRMTS5) dysregulation in cancer. Oncotarget.
2018;9(94):36705-36718. doi: 10.18632/oncotarget.26404

LiY, Yang Y, Liu X, Long Y, Zheng Y. PRMTS5 promotes human
lung cancer cell apoptosis via Akt/Gsk3beta signaling induced by
resveratrol. Cell Transplant. 2019;28(12):1664-1673. doi: 10.
1177/0963689719885083

Qin Y, Hu Q, Xu J, et al. PRMTS enhances tumorigenicity and gly-
colysis in pancreatic cancer via the FBW7/cMyc axis. Cell Commun
Signal. 2019;17(1):30. doi: 10.1186/5s12964-019-0344-4

Zhang S, Ma Y, Hu X, Zheng Y, Chen X. Targeting PRMT5/Akt
signalling axis prevents human lung cancer cell growth. J Cell Mol
Med. 2019;23(2):1333-1342. doi: 10.1111/jcmm.14036

Yuan Y, Nie H. Protein arginine methyltransferase 5: A potential
cancer therapeutic target. Cell Oncol. 2021;44(1):33-44. doi: 10.
1007/s13402-020-00577-7

Aggarwal P, Vaites LP, Kim JK, et al. Nuclear cyclin D1/CDK4
kinase regulates CUL4 expression and triggers neoplastic
growth via activation of the PRMTS5 methyltransferase. Cancer
Cell. 2010;18(4):329-340. doi: 10.1016/j.ccr.2010.08.012

Jiang H, Zhu Y, Zhou Z, et al. PRMTS5 Promotes cell proliferation
by inhibiting BTG2 expression via the ERK signaling pathway in
hepatocellular carcinoma. Cancer Med. 2018;7(3):869-882. doi:
10.1002/cam4.1360

Bertoli C, Skotheim JM, de Bruin RA. Control of cell cycle tran-
scription during G1 and S phases. Nat Rev Mol Cell Biol.
2013;14(8):518-528. doi: 10.1038/nrm3629

Cho EC, Zheng S, Munro S, et al. Arginine methylation controls
growth regulation by E2F-1. EMBO J. 2012;31(7):1785-1797.
doi: 10.1038/emboj.2012.17

Moes-Sosnowska J, Chorostowska-Wynimko J. Fibroblast growth
factor receptor 1-4 genetic aberrations as clinically relevant biomark-
ers in squamous cell lung cancer. Front Oncol. 2022;12:780650. doi:
10.3389/fonc.2022.780650

Katoh M. Therapeutics targeting FGF signaling network in human
diseases. Trends Pharmacol Sci. 2016;37(12):1081-1096. doi: 10.
1002/med.21288


https://orcid.org/0000-0002-7799-9612
https://orcid.org/0000-0002-7799-9612
https://orcid.org/0000-0003-2841-3117
https://orcid.org/0000-0003-2841-3117
http://doi.org/10.1038/nature25183
http://doi.org/10.1016/j.molmed.2019.04.012
http://doi.org/10.1016/j.ctrv.2013.10.001
http://doi.org/10.1038/s41573-021-00159-8
http://doi.org/10.1038/s41573-021-00159-8
http://doi.org/10.1038/s41573-021-00159-8
http://doi.org/10.1038/s41573-021-00159-8
http://doi.org/10.1038/s41573-021-00159-8
http://doi.org/10.1007/s00018-015-1847-9
http://doi.org/10.1007/s00018-015-1847-9
http://doi.org/10.1007/s00018-015-1847-9
http://doi.org/10.1007/s00018-015-1847-9
http://doi.org/10.15698/cst2020.08.228
http://doi.org/10.3390/life11101074
http://doi.org/10.3390/life11101074
http://doi.org/10.18632/oncotarget.26404
http://doi.org/10.1177/0963689719885083
http://doi.org/10.1177/0963689719885083
http://doi.org/10.1186/s12964-019-0344-4
http://doi.org/10.1186/s12964-019-0344-4
http://doi.org/10.1186/s12964-019-0344-4
http://doi.org/10.1111/jcmm.14036
http://doi.org/10.1007/s13402-020-00577-7
http://doi.org/10.1007/s13402-020-00577-7
http://doi.org/10.1007/s13402-020-00577-7
http://doi.org/10.1007/s13402-020-00577-7
http://doi.org/10.1007/s13402-020-00577-7
http://doi.org/10.1016/j.ccr.2010.08.012
http://doi.org/10.1002/cam4.1360
http://doi.org/10.1038/nrm3629
http://doi.org/10.1038/emboj.2012.17
http://doi.org/10.3389/fonc.2022.780650
http://doi.org/10.1002/med.21288
http://doi.org/10.1002/med.21288

Zheng et al

20.

21.

22.

23.

24.

Katoh M, Nakagama H. FGF receptors: Cancer biology and ther-
apeutics. Med Res Rev. 2014;34(2):280-300. doi: 10.1016/j.tips.
2016.10.003

Ho BB, Bergwitz C. FGF23 signalling and physiology. J Mol
Endocrinol. 2021;66(2):R23-R32. doi: 10.1530/JME-20-0178
Huang L, Zhang XO, Rozen EJ, et al. PRMTS activates AKT via
methylation to promote tumor metastasis. Nat Commun.
2022;13(1):3955. doi: 10.1038/s41467-022-31645-1
Pastushenko I, Blanpain C. EMT Transition states during tumor
progression and metastasis. Trends Cell Biol. 2019;29(3):212-
226. doi: 10.1016/j.tcb.2018.12.001

Yilmaz M, Christofori G. EMT, the cytoskeleton, and cancer cell
invasion. Cancer Metastasis Rev. 2009;28(1-2):15-33. doi: 10.
1007/s10555-008-9169-0

25.

26.

27.

28.

Karimi Roshan M, Soltani A, Soleimani A, et al. Role of AKT and
mTOR signaling pathways in the induction of epithelial-
mesenchymal transition (EMT) process. Biochimie. 2019;165:229-
234. doi: 10.1016/j.biochi.2019.08.003

Manning BD, Toker A. AKT/PKB signaling: Navigating the
network. Cell. 2017;169(3):381-405. doi: 10.1016/j.cell.2017.04.
001

Huang L, Liu J, Zhang XO, et al. Inhibition of protein arginine meth-
yltransferase 5 enhances hepatic mitochondrial biogenesis. J Biol
Chem. 2018;293(28):10884-10894. doi: 10.1074/jbc.RA118.002377

Jing P, Zhao N, Ye M, et al. Protein arginine methyltransferase 5
promotes lung cancer metastasis via the epigenetic regulation of
miR-99 family/FGFR3 signaling. Cancer Lett. 2018;28(427):38-
48. doi: 10.1016/j.canlet.2018.04.019


http://doi.org/10.1016/j.tips.2016.10.003
http://doi.org/10.1016/j.tips.2016.10.003
http://doi.org/10.1530/JME-20-0178
http://doi.org/10.1530/JME-20-0178
http://doi.org/10.1530/JME-20-0178
http://doi.org/10.1038/s41467-022-31645-1
http://doi.org/10.1038/s41467-022-31645-1
http://doi.org/10.1038/s41467-022-31645-1
http://doi.org/10.1038/s41467-022-31645-1
http://doi.org/10.1016/j.tcb.2018.12.001
http://doi.org/10.1007/s10555-008-9169-0
http://doi.org/10.1007/s10555-008-9169-0
http://doi.org/10.1007/s10555-008-9169-0
http://doi.org/10.1007/s10555-008-9169-0
http://doi.org/10.1007/s10555-008-9169-0
http://doi.org/10.1016/j.biochi.2019.08.003
http://doi.org/10.1016/j.cell.2017.04.001
http://doi.org/10.1016/j.cell.2017.04.001
http://doi.org/10.1074/jbc.RA118.002377
http://doi.org/10.1016/j.canlet.2018.04.019

	 Introduction
	 Materials and Methods
	 Lung Cancer Tissues Collection
	 Cell Culture and Chemicals
	 Plasmids
	 Gene Expression Assay
	 Construction of PRMT5 Stable Knockdown Cell Line
	 Cell Transfection
	 Western Blotting Analysis
	 Immunofluorescence
	 Cell Proliferation Assay
	 Statistical Analysis

	 Results
	 PRMT5/FGFR3/Akt Signaling Axis is Hyperactivated in Human Lung Cancer Tissues
	 Down-Regulation of PRMT5 Reduces FGFR3/Akt Signaling in Lung Cancer Cells
	 Inhibition of PRMT5 Represses FGFR3/Akt Signaling in Lung Cancer Cells
	 PRMT5 Regulates Lung Cancer Cell Metastasis Through FGFR3/Akt Signaling Axis

	 Discussion
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


