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A CFH peptide-decorated liposomal gl

oxymatrine inactivates cancer-associated
fibroblasts of hepatocellular carcinoma
through epithelial-mesenchymal transition
reversion
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Abstract

Cancer-associated fibroblasts (CAFs) deteriorate tumor microenvironment (TME) and hinder intra-tumoral drug deliv-
ery. Direct depleting CAFs exists unpredictable risks of tumor metastasis. Epithelial-mesenchymal transition (EMT)

is a critical process of CAFs converted from hepatic stellate cells during hepatocellular tumorigenesis; however, until
now the feasibility of reversing EMT to battle hepatocellular carcinoma has not been comprehensively explored. In
this study, we report a CFH peptide (CFHKHKSPALSPVGGG)-decorated liposomal oxymatrine (CFH/OM-L) with a high
affinity to Tenascin-C for targeted inactivating CAFs through reversing EMT, which is verified by the upregulation of
E-cadherin and downregulation of vimentin, N-cadherin, and snail protein in vivo and in vitro. After the combination
with icaritin-loaded lipid complex, CFH/OM-L obviously boosts the comprehensive anticancer efficacy in both 3D
tumor spheroids and stromal-rich tumor xenograft nude mouse models. The combinational therapy not only effec-
tively reversed the in vivo EMT process but also significantly lowered the collagen, creating favorable conditions for
deep penetration of nanoparticles. More importantly, CFH/OM-L does not kill but inactivates CAFs, resulting in not
only a low risk of tumor metastasis but also a reprogramming TME, such as M1 tumor-associated macrophages polari-
zation and natural killer cells activation. Such strategy paves a moderate way to remold TME without depleting CAFs
and provides a powerful tool to design strategies of combinational hepatocellular carcinoma therapy.

Keywords: Liposomal oxymatrine, Cancer-associated fibroblasts, CFH peptide, Epithelial-mesenchymal transition,
Tumor microenvironment, Hepatocellular carcinoma

*Correspondence: quding1985@hotmail.com; ychen202@hotmail.com
2 Jiangsu Province Academy of Traditional Chinese Medicine, 100 Shizi
Road, Nanjing 210028, China

Full list of author information is available at the end of the article

©The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://orcid.org/0000-0002-1217-1865
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12951-022-01311-1&domain=pdf

Guo et al. Journal of Nanobiotechnology ~ (2022) 20:114

Page 2 of 19

e

Graphical Abstract

Background

Cancer-associated fibroblasts (CAFs) increasingly
attract much attention in the treatments of various
desmoplastic tumors treatment [1-5]. As the most
population of stromal cells, CAFs are responsible for
the tumor microenvironment (TME) with plenty of

collagen, fibronectin and proteoglycans, which hinder
the deep penetration of nanoparticles into the inner of
the tumors. In addition, CAFs also secrete various types
of cytokines, such as transforming growth factor-p
(TGF-B), hepatocyte growth factor, C-X-C motif
chemokine ligand 12 (CXCL12), and platelet-derived
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growth factor, which are one of the main culprits for
the pro-tumoral malignant environment. Furthermore,
CAFs usually distribute between the tumor and vascu-
lar epithelial cells, that could compete with tumor cells
to eat the nanoparticles leaking from the blood vessels
[6]. According to the current mainstream consensus,
CAFs play a central role in the crosstalk between vari-
ous immune signals in the tumor, and also have been
considered as the most promising breakthrough to
reshape the TME [7].

Previous reports have validated that depleting CAFs
was able to improve the anticancer efficacy in the treat-
ments of prostate, breast, and pancreatic cancer; how-
ever, the researchers also alert the consequential risk of
tumor migration [8, 9]. In addition, further TME immu-
nosuppression has to be faced up because abnormally-
increased CD4"Foxp3' Tregs have been observed in
myofibroblast-depletion tumors [9]. Regulating the
behavior of CAFs in the TME, instead of direct killing,
is becoming a promising way to improve the malignant
TME. Recently, Nie and coworkers inactivated CAFs bio-
functions via silencing CXCL12, such a non-CAFs deple-
tion strategy effectively enhanced the anticancer efficacy
via remolding the TME [10].

During hepatocellular tumorigenesis, epithelial-mes-
enchymal transition (EMT) is the critical step that regu-
lates the transformation of hepatic stellate cells to CAFs
[11]. However, until now we still know little about the
feasibility of EMT reversion for CAFs inactivation and
TME activation in hepatocellular carcinoma therapy. As
reported previously, the intervention of EMT achieved
a few positive responses in the treatment of breast can-
cer [12, 13]. In view of this, we hypothesize that interfer-
ing with the process of EMT might block the production
of CAFs and thereby counteract its role of bridge of
immune crosstalk in TME. Unfortunately, few small-mol-
ecule compounds have been demonstrated with a definite
reversion toward EMT in hepatocellular carcinoma so
far.

Oxymatrine (OM), a quinolizidine alkaloid extracted
from the dry roots of Sophora flavescens, is capable of
balancing the synthesis-degradation of extracellular
matrix and controlling the collagen deposition in liver.
Notably, OM can also reduce the secretion of TGF-$1
through down-regulating the high mobility group box-
1, which deactivated TGF-Pl-mediated activation of
hepatic stellate cells [14]. Combined with these informa-
tion, we believe that OM is a promising compound that
could be used for reversing EMT and inactivating CAFs
in the TME of hepatocellular carcinoma. Based on the
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preliminary study, we found that the non-selective bio-
distribution and undesired physicochemical properties
of OM are limiting the application of EMT reversion [15,
16]. A suitable drug delivery is highly desired for OM.

Tenascin-C, overexpressing in CAFs of stroma-rich
solid tumors [17, 18], has a high affinity to the fragment
of FH peptide, presenting a potential CAF-targeted
ligand for drug delivery [19, 20]. Herein, we design a
new cysteine-end FH peptide (CFH) (CFHKHKSPAL-
SPVGGGQG) and decorate on the surface of OM-loaded
liposomes (CFH/OM-L), aiming for CAFs-targeted deliv-
ery and EMT reversion. As depicted in Scheme 1, CFH/
OM-L has a high affinity with tenascin-C overexpressing
on the surface of CAFs, reverses the EMT process, low-
ers the collagen deposition, and reduces CAFs abun-
dance, thereupon then creating a favorable environment
for deep penetration of nanoparticles and activating the
TME for boosted anticancer efficacy. Furthermore, the
lipid complex co-loading icaritin and coix seed oil (IC-
ML), a reported anti-angiogenesis nanoparticle is com-
bined with CFH/OM-L to validate the rationality of our
design [21]. Benefiting from the improvement on intra-
tumoral drug delivery, as well as the reshaped TME,
IC-ML penetrates deeply inside the tumor and presents
the more powerful anticancer ability against hepatocel-
lular carcinoma. Overall, the CAFs-targeted delivery of
OM performed by CFH/OM-L exhibits a safe and effec-
tive approach to improve the drug delivery and TME,
making a valuable reference for the stromal-rich tumor
therapies.

Results and discussion

Synthesis of DSPE-PEG,4qo-CFH

The synthetic route of DSPE-PEG,,y,-CFH was shown
in Additional file 1: Fig. S1. The CFH peptide was con-
jugated with DSPE-PEG,,,-MAL via the Michael addi-
tion between the thiol segments and the double bonds
of maleic groups [22]. As shown in Additional file 1:
Fig. S2, The S-H stretching vibration of CFH peptide
was observed in a range of 2500-2600 cm™'. Notably
after linked with DSPE-PEG,,, the signal of the thiol
groups was disappeared. In addition, the N-H stretch-
ing vibration at ~3360.5 cm™! and C=O stretching
vibration at ~1712.1 cm™" of DSPE-PEG,,-CFH were
both significantly stronger than the bare lipid. As for
the "TH-NMR characterization, the peaks at ~6.77 ppm
of DSPE-PEG,y,-MAL ascribed as the MAL groups
disappeared after conjugation with CFH peptide (Addi-
tional file 1: Fig. S3), suggesting a complete reaction
between the thiol and MAL groups. According to the
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Scheme 1 Schematic diagram of CFH/OM-L reversing EMT process of CAFs activation derived from hepatic stellate cells (HSCs) and consequent
boosting hepatocellular carcinoma therapy with IC-ML. After accumulation at hepatocellular carcinoma sites, CFH/OM-L actively enters into
TGF-B1-activated CAFs via high affinity between CFH peptide and tenascin-C. CFH/OM-L can educate activated CAFs into quiescent HSCs
through EMT reversion, which is proofed by the upregulation of E-cadherin and the downregulation of vimentin, N-cadherin, and snail protein.
The reduction of CAFs leads to TME reprogramming, such as collagen reduction, M1 tumor-associated macrophages (TAMs) polarization, NK cells
activation, and so on. The CFH/OM-induced TME activation not only damages tumorigenesis but also assists IC-ML to penetrate deeply, thereby
enhancing the comprehensive anticancer efficacy

MALDI-TOF MS spectrum, the molecular weight of theoretical molecular weight sum of CFH peptide and
DSPE-PEG,,,,-CFH was measured as ~4100 (Addi- DSPE-PEG,;,,-MAL. All the obtained results suggest a
tional file 1: Fig. S4), which was in accordance with the = successful synthesis of DSPE-PEG,,-CFH.
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Table 1 Pharmaceutical characterizations of OM-L and CFH/

OM-L
Formulations Size (nm) PDI Zeta EE (%)
potential
(mV)
OM-L 116.90+1.10 0.09+0.01 —4800+121 82254093
CFH/OM-L 125304096 0084002 —3830+247 87.124+0.78

Data are represented as mean+SD,n=6

Preparation and characterization of CFH/OM-L
CFH/OM-L was prepared by a pH-gradient method as
reported previously [16]. As shown in Table 1; Fig. 1A,
the average particle size and EE of CFH/OM-L were
125.30+0.96 nm and 87.12+0.78%, respectively. The
morphology of CFH/OM-L displayed as spherical parti-
cles around 120 nm with a narrow dispersion. The zeta
potential of CFH/OM-L was slightly higher than that of
OM-L (Fig. 1B), which was probably due to the shielding
of CFH peptide on the outer layer. The particle size and
zeta potential of CFH/OM-L did not display significant
changes regardless of the incubation with mice plasma
for 24 h or the treatment with phosphate buffered saline
(PBS) for 40 days (Additional file 1: Fig. S5A, B). As
shown in Additional file 1: Fig. S5C, both of CFH/OM-L
and OM-L were capable of sustainedly releasing OM in
PBS of pH 7.4. With the decrease of pH, the OM was
released much faster from CFH/OM-L than that in pH
7.4. The 24 h-cumulative release of OM from CFH/OM-L
was 43.58 +1.25% and 78.49+1.33% in pH 7.4 and 5.5,
respectively (Fig. 1C). It suggests that CFH/OM-L may
slowly release OM in normal tissues, and unload cargo
faster after entering tumor tissues and being internalized
by targeted cells. Besides, the pharmaceutical characteri-
zations of IC-ML were also studied as exhibited in Addi-
tional file 1: Fig. S6, which was similar to our previous
report [21].

CAFs cellular uptake of CFH/OM-L

The in vitro CAFs model of hepatocellular carcinoma was
built as reported previously [23]. As shown in Fig. 1D, the
expression of a-SMA in LX-2 cells significantly increased
after the treatment with TGF-B1. Likewise, the fluores-
cence signal of Tenascin C in CAFs model was obviously
stronger than that of the untreated group, which was in
accordance with the previous report [23]. Tenascin C is
one of the most characteristic makers expressed in CAFs,
it has been considered as a potential ligand for targeted
drug delivery to the CAFs in the tumor microenviron-
ment. The peptide sequence of CFH with a high affinity
to tenascin C is designed through phage display peptide
library selection. The binding affinity of CFH peptide to
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tenascin C reached 4.58+1.4 pM detected by Surface
Plasmon Resonance, which is one of the most specific
peptides for CAFs in published papers [19]. As for the
internalization studies, the intracellular fluorescence of
CFH/C6-L-treated cells was significantly higher than that
of C6-L group, in addition, such an enhancement could
be attenuated by the competitive inhibition with free
CFH peptide (Fig. 1E-G). The above-mentioned results
indicate that CFH/C6-L enters into the CAFs in the
Tenascin C-mediated pathway. As presented in Fig. 1H,
the internalization of CFH/C6-L was suppressed in the
presence of sucrose and genistein. Besides, low tempera-
ture also hinders the cellular uptake of CFH/C6-L. These
results suggest that CAFs cellular uptake of CFH/OM-L
is probably associated with the Tenascin C-, clathrin- and
caveolin-mediated pathways with the involvement of
energy.

Expression of collagen in CAFs in vitro

CAFs are the most abundant stromal cells in the TME,
which produce excessive collagen deposition to hin-
der intra-tumoral deep penetration of nanoparticles
[24]. Herein, we investigated whether CFH/OM-L
could inhibit the collagen secretion of CAFs in vitro. As
shown in Fig. 11, the collagen I secretion of CAFs was
increased by the activation of TGF-f1. However, when
CAFs treated with CFH/OM-L, the expression of col-
lagen I was greatly reduced compared with the model
group (P<0.01). Furthermore, the picrosirius red staining
method was also employed to evaluate the expression of
collagen. The images presented that the treatment with
OM-L and CFH/OM-L can both reduce the level of col-
lagen (Fig. 1]). The aforementioned results indicate that
CFH/OM-L effectively inhibits the collagen secretion of
CAFs in vitro, which is beneficial to reduce the delivery
resistance of nanomedicines in tumor stroma.

EMT reversion in vitro

EMT is considered as one of the most significant
events in the transformation of hepatic stellate cells
into CAFs, leading to an obstacle of intracellular drug
delivery and promoting tumor metastasis. Although
previous studies observed the reduction of CAFs in
several OM-based anticancer treatments, including
breast cancer, colon cancer and non-small lung can-
cer [25-27], its feasibility of regulation of EMT toward
CAFs in hepatocellular carcinoma is still uncertain
until now. To investigate whether CFH/OM-L inhib-
its the activation of CAFs through regulating EMT,
the characteristic proteins of CAFs and EMT were
observed by immunofluorescence staining. As shown
in Fig. 2A-C, the expression of a-SMA, vimentin,
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Fig. 1 Liposome characterizations, cellular uptake and inhibition of collagen expression in CAFs. A Appearance, particle size, and TEM image of
CFH/OM-L. B Zeta potential of OM-L and CFH/OM-L. Data are represented as mean 4 SD, n =3, *P<0.05. C Accumulative release profile of OM
from CFH/OM-L in PBS with different values. Data are represented as mean 4 SD, n=3, ***f <0.001. D Immunofluorescence images of a-SMA

and Tenascin Cin LX-2 and TGF-f1-activated LX-2 cells. E Fluorescence images of CAFs uptake after treatments with various formulations. Scale
bar: 100 um. F CAFs uptake of C6-L, CFH/C6-L, and CFH/C6-L + CFH peptide detected by flow cytometry. (G) Intracellular fluorescence intensity
measured by flow cytometry. Data are represented as mean =+ SD, n=3.**P<0.01. H Cellular uptake mechanism studied by specific internalization
inhibitors. Data are represented as mean = SD, n= 3. Compared with the control group, *P<0.05, **P < 0.01, **P<0.001. I The expression of
Collagen I in various formulation groups measured by ELISA assay. Data are represented as mean 4 SD, n=3. Compared with the model group,
**P<0.01.J Picrosirius red staining of total collagen in various formulation groups. Scale bar: 200 um. The positive staining cells were quantified in 3
randomly selected fields per section. Data are represented as mean = SD, n= 3. Compared with the PBS group, **P<0.01
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Fig. 2 CFH/OM-L reverses CAFs activation and EMT in vitro. Immunofluorescence staining of A a-SMA, B vimentin, C N-cadherin and D E-cadherin
after TGF-B1-activated LX-2 cells were treated with various formulations. Scale bar: 20 um. Representative images of western blot depicting
bands for E N-cadherin, vimentin, F snail and G E-cadherin in various formulation groups. Quantification of H N-cadherin, I vimentin, J snail and
K E-cadherin expression after treatments with different formulations. Data are represented as mean = SD, n= 3. Compared with the normal group,
#P<0.05; compared with the PBS group, *P< 0.05, **P <0.01

N-cadherin of TGF-Bl-activated LX-2 cells were sig-
nificantly decreased after treatments with CFH/OM-L
and OM-L. Notably, free OM hardly worked on EMT
process, which was ascribed to its low internaliza-
tion. The expression of characteristic proteins of EMT
were also investigated by western blot method. As
shown in Fig. 2E, F, H-J, CFH/OM-L can remarkably
downregulate the expression of N-cadherin, vimentin
and snail compared with the PBS-treated group. Fur-
thermore, CFH/OM-L was capable of increasing the
level of E-cadherin (Fig. 2D), which was significantly
higher than the PBS-treated group (Fig. 2G, K). The

above-mentioned effects of CFH/OM-L are almost
as powerful as that of FH/OM-L. In view of that FH
peptide is a known ligand of affinity with Tenascin C
[23], the advantages of EMT reversion of CFH/OM-L
over OM-L are probably related to the improved
internalization.

In vivo distribution studies

To study the biodistribution of CAFs-targeted liposomes,
the stromal-rich xenograft nude mice model was
employed in this part. As shown in Fig. 3A, free dye did
not distribute at the tumor site but rapidly eliminated
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Fig. 3 Distribution and penetration of DiD formulations in vivo. A Biodistribution of DiD signal in stromal-rich xenograft-bearing nude mice
treated with free DiD, DiD-L, CFH/DID-L at predetermined intervals. B The fluorescence images of ex vivo tumors in various formulation groups
at 24 h post-administration. The fluorescence intensity of ex vivo (C) tumors and D normal tissues of xenograft-bearing nude mice treated with
various formulations at 24 h post-administration. Data are represented as mean = SD, n=3, **P<0.01. E Immunofluorescent section of tumors of
tumor-bearing mice treated with free DiD, DiD-L, and CFH/DiD-L at 24 h post-administration. The blue is the nucleus stained by DAPI, the green
represents the CAFs labelled with the a-SMA antibody and the red indicates various DiD-labelled formulations

from the body. DiD-L presented a visible tumor accu- among all the in vivo and ex vivo samples (Fig. 3A, B).
mulation at 2-24 h post injection. In comparison, CFH/  Such enhancement of tumoral retention is probably
DiD-L showed an overwhelming fluorescence signal associated with the high affinity between CFH peptide
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and Tenascin C. As for the tumoral distribution, the
fluorescence intensity of tumor excised from CFH/DiD-
L-treated mice was 3.24-fold higher than that of DiD-L
group (Fig. 3C). After treatment with CFH/DiD-L and
DiD-L, the fluorescence signal distributed in both liver
and spleen, which is attributed to the liposome-related
innate capture by the reticuloendothelial system (Fig. 3D)
[28]. According to the fluorescence of various normal tis-
sues at 24 h, the CFH ligand did not influence the bio-
distribution behaviors (Fig. 3D). Next, the CAFs were
marked with green anti-a-SMA antibody, and the intra-
tumoral penetration of various formulations labelled
with red were further investigated by CLSM. As shown in
Fig. 3E, DiD-L primarily accumulated in the outer layer
of tumors. In comparison, the signal of CFH/DiD-L sig-
nificantly overlapped with that of CAFs inside the tumor
tissue as indicated by white arrows. These results sug-
gest that the modification of CFH peptide could not only
assist the liposome accumulate in the tumor but also dis-
tribute around the CAFs, creating a favorable condition
for the following regulation of EMT processes.

Deep penetration in vitro and in vivo

According to our assumptions, CFH/OM-L can inhibit
CAFs activation and collagen expression through revers-
ing EMT process of CAFs, which is theoretically favora-
ble to deep tumor penetration of nanoparticles. To verify
CFH/OM-L-resulted deep penetration, the 3D multicel-
lular tumor sphere was employed as the in vitro model.
As shown in Fig. 4A, the penetration depth of C6-NPs
in CFH/OM-L-pretreated (100 uM) 3D tumor sphere
reached 120 um, which was significantly deeper than that
of the control. This is because that CFH/OM-L effectively
inhibits the expression of collagen, reducing the diffusion
resistance of C6-NPs in the 3D tumor spheres. Notably,
the concentration of CFH/OM-L remarkably influenced
the penetration of C6-NPs. CFH/OM-L with a low con-
centration (40 pM) fails to deliver enough OM into the
CAFs, and that with a high concentration (200 M) prob-
ably triggers cytotoxicity against tumor sphere, which
reduce the overall cellular uptake of 3D tumor spheres
(Additional file 1: Fig. S7).
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In normal tissues, the distance between the histocyte
and blood vessels is about 50-100 pm, whereas tumor
cells often reside >100 um away from the adjacent blood
vessels because of the stroma barriers, hindering the
penetration of antitumor drugs [29, 30]. As reported
previously, the penetration distance of doxorubicin and
paclitaxel was even less than 40-50 pm after exuding
from the tumor blood vessels [31, 32]. As extensively
proved, CAFs and collagen notably hinder the delivery
of nanoparticles in tumor stroma. In order to investigate
the effect of CFH/OM-L on penetration in vivo, CFH/
OM-L was administrated into stromal-rich xenograft
tumor-bearing nude mice once every day for consecu-
tive 5 days, and the saline, OM and OM-L administration
groups were served as controls (Fig. 4B). The expression
of a-SMA and collagen of tumor sections in CFH/OM-
L-treated mice both significantly decreased compared
to that of OM or the saline groups (P<0.05) (Fig. 4C and
Additional file 1: Fig. S8). The results suggest that CFH/
OM-L can effectively alleviate desmoplasia by inhibiting
CAFs activation and collagen deposition in tumor.

Next, we further investigated the intratumoral distri-
bution of second-wave injection of DiD-NPs in vivo. The
DiD signal at the tumor of CFH/OM-L-treated mice was
2.5-fold higher than that of the saline group (P<0.05)
(Fig. 4D, E), indicating that pre-treated CFH/OM-L was
beneficial to DiD-NPs accumulation by alleviating tumor
desmoplasia. As shown in Fig. 4F, DiD-NPs were mainly
close to the tumor edge (0.1 mm) in the OM-pretreated
group. The intratumor penetration of DiD-NPs in OM-
L-pretreated group increased up to 0.4 mm, in com-
parison, a deeper penetration of DiD-NPs (1.5 mm) was
observed in CFH/OM-L group. In addition, due to the
treatment with CFH/OM-L, the strong red fluorescence
was observed in center of the tumor sections as indi-
cated by white arrows, suggesting that CFH/OM-L plays
important roles in promoting intratumoral penetration of
nanoparticles. It is worth noting that the repeated injec-
tions of CFH/OM-L do not result in significant inhibition
of tumor growth. Therefore, the anticancer efficacy of
combinational CFH/OM-L and IC-ML was studied in the
following part.

(See figure on next page.)

Fig. 4 CFH/OM-L promotes deep penetration and intratumor distribution in vitro and vivo. A The fluorescence images and quantitative
penetration of C6-NPs in 3D tumor spheres treated with CFH/OM-L (100 uM). Scale bar: 200 um. The intra-3D tumor sphere fluorescence profile is
plotted by Image)J software. B Scheme of EMT reversion for tumor deep penetration in vivo. Step 2 represents the administration with various OM
formulations and step 3 represents single injection with DiD-NPs. C a-SMA and Masson’s trichrome staining of tumor sections in various formulation
groups. D The NIR images of tumor-bearing mice and ex vivo tumors, DiD-NPs is administrated after 24 h of treatments with the number (1), (2),

(3), and (4), which represent the daily administration with saline, OM, OM-L, CFH/OM-L to mice, respectively, and E quantitative fluorescence of

the ex vivo tumors. Data are represented as mean 4 SD, n=3, *P<0.05. F Immunofluorescence and quantitative intratumoral distribution after
treatment with the DID-NPs at 24 h post the last administration of the OM formulations. The green represents blood vessels stained with CD31
antibody and the red represents the DiD-NPs. The scale bar is 500 um. The representative region of tumor tissues is indicated by the yellow line
(0-1.5 mm) and the corresponding fluorescence intensity profile is plotted through ImagelJ software
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Antitumor efficacy toward 3D tumor spheroids

IC-ML is a “small-in-large” lipid complex simultane-
ously loading icaritin and coix seed oil developed by our
group, which is capable of retarding the tumor growth
through an anti-angiogenesis strategy [21]. Due to the
low administrated dose and limited penetration of large-
sized IC-ML, the effectiveness is highly restricted. Here
we explored the feasibility of synergism of CFH/OM-L
and IC-ML for inhibiting the growth of the 3D tumor
spheroids. As shown in Fig. 5A, CFH/OM-L had no obvi-
ous cytotoxicity against the 3D multicellular tumor sphe-
roids; however, CFH/OM-L can significantly improve

the inhibition of tumor spheroids growth after combined
with IC-ML (P<0.01). In addition, the area of the tumor
spheroids was recorded in a long-term anti-prolifera-
tion study for 12 days. As depicted in Fig. 5B, the tumor
sphere area of combined treatment group was signifi-
cantly lower than that of the untreated group (P<0.01)
and IC-ML group (P<0.01) at day 12. The images and
H&E-stained sections of tumor spheres were consist-
ent with the above results (Fig. 5C). The structure of 3D
tumor spheroids was partially damaged in IC-ML group.
Notably, the normal cell nucleuses were barely observed
in tumor spheres treated with CFH/OM-L +IC-ML. The
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above results demonstrate that the combined treatment
possesses a synergistic anti-proliferation effect against
3D tumor spheres.

Antitumor efficacy in vivo

The scheme of the combination treatment with CFH/
OM-L and IC-ML was exhibited in Fig. 5D. As shown in
Fig. 5E, F, IC-ML slightly restrained the tumor growth
probably because of the poor penetration and low dose
at the target sites. In comparison, after combinational
administration of CFH/OM-L and IC-ML, the size of the
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stromal-rich xenograft tumor was significantly shrink
compared to the other groups. Likewise, the tumor
inhibition ratio of CFH/OM-L+IC-ML was beyond
60%, which was obviously higher than that of the two
mono treatments (P<0.05) (Fig. 5G). The average tumor
weight of mice treated with CFH/OM-L+IC-ML was
significantly less than the two mono treatments, and
even reduced by 2 times than that of the saline group
(Fig. 5H), suggesting the considerable effectiveness of
combinational therapy. As for the survival period, CFH/
OM-L +IC-ML treatment presented the longest survival

Saline CFH/OM-L

a-SMA

E-cadherin N-cadherin Vimentin Masson

Snail

Fig. 6 In vivo EMT reversion. A Fluorescence images and B the corresponding quantification of a-SMA-positive area of tumor sections in various
formulation groups. C Masson’s trichrome staining images and D the corresponding quantification of collagen in various formulation groups.
Immunohistochemical staining images and the corresponding quantification of E, F vimentin, G, H N-cadherin, I, J E-cadherin, and K, L snail in
various formulation groups. All quantitative data are represented as mean = SD, and quantified by 3 randomly selected observation fields using
ImagelJ software. Compared with the saline group, *P<0.05, **P <0.01, ***P<0.001
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time among all the groups (Fig. 5I). As displayed in
Fig. 5], the H&E staining images showed obvious tumor
necrosis in CFH/OM-L +IC-ML group. Accordingly, the
Ki67-positive area of the tumor sections after treatment
with CFH/OM-L +IC-ML was obviously lower than the
other groups. TUNEL assay validated that the combina-
tional therapy induced a large number of apoptotic tumor
cells, which was consistent with the data about tumor
inhibition rate. Overall, combinational CFH/OM-L and
IC-ML gained the overwhelming anticancer performance
among all the treatments.

EMT reversion in vivo

As shown in Fig. 6A-D, the red a-SMA signal and the
blue collagen zone in the tumor of CFH/OM-L-treated
mice both significantly weakened in comparison to the
saline group. Remarkably, the combinational CFH/OM-L
and IC-ML further decreased the level of a-SMA and
collagen compared to the mono CFH/OM-L group. IC-
ML-mediated anti-angiogenesis can alleviate the stub-
bornness of the TME and thereby hinder the generation
of CAFs, which is a potential reason for further reduc-
tion of CAFs/collagen in combinational treatment [21].
As the largest population of stromal cells in the TME,
CAFs are involved in the secretion of collagen and Th2
cytokines, resulting in the recruitment of immunosup-
pressive cells, increase of interstitial fluid pressure, and
compression of tumor blood vessels, which are response
to the obstacles of drug delivery and antitumor therapy
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[33-37]. According to the previous report, EMT is not
only involved in the transformation of CAFs from hepatic
stellate cells but also increase invasiveness and metasta-
sis of the tumors [38]. As shown in Fig. 6E-L, compared
to the saline-treated mice, the expression of E-cadherin
in the tumor sections of CFH/OM-L&IC-ML-treated
mice was an increase of ~10.98-fold, while the level of
N-cadherin, vimentin and snail expression were decrease
of ~10.31-, ~4.22- and ~5.71-fold, respectively. The
changes in the above-mentioned four markers of EMT
process suggest that combinational CFH/OM-L and
IC-ML holds promising potential in reversing EMT dur-
ing the hepatocellular tumorigenesis [39-41].

TME regulation and characterizations

CAFs are one of the culprits in the tumor immuno-
suppressive microenvironment. On the one hand, the
desmoplastic TME induced by CAFs hinders the accu-
mulation of immune cells in deep tumor tissue [42]. On
the other hand, CAFs interfere with adaptive immune
responses by inactivating the functions of dendritic
cells and suppressing T cells proliferation & infiltration
in the TME [43]. As expected, the combinational treat-
ment with CFH/OM-L and IC-ML not only significantly
improved the infiltration CD86™ cells but also remarka-
bly suppressed the CD206" population inside the tumors
by eliminating collagen barriers constructed by CAFs
(Fig. 7A-D), suggesting that such combinational therapy
could effectively induce the M1 polarization of TAMs. In
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addition, the mono administration of IC-ML also able to
upregulated the expression of CD86 and downregulated
the level of CD206, which might be associated with the
crosstalk between anti-angiogenesis and TAMs polari-
zation [21]. Due to this, CFH/OM-L and IC-ML syner-
gistically contribute to the TAMs M1 polarization. The
crosstalk between CAFs and immunosuppressive cells
would “cold” the TME, further reducing the tumor-killing
capacity of immune cells. For example, Mace et al. dem-
onstrated that pancreatic CAFs could repolarize TAMs
to the M2 type through producing colony-stimulating
factor, IL-6, VEGF, SDF-1 and MCP-1 [44]. Therefore,
we infer that the regulatory effect of combination ther-
apy on macrophage M1 polarization might be associ-
ated with the crosstalk between CAFs and monocytes/
macrophages mediated by cytokines such as TGF-f1 and
IL-6.

The NK cells are considered as a positive force for
activating the TME; however, the immunosuppressive
TME restricts the activity and amount of NK cells, lim-
iting their immune-elimination effectiveness toward
the tumor cells [45]. As shown in Fig. 7E, F, all the
three treatments significantly increased the amounts of
CD161-positive cells of the tumor sections in compari-
son to the saline group (P<0.05), suggesting that CFH/
OM-mediated EMT reversion and IC-ML-mediated anti-
angiogenesis collaboratively raised the infiltration of the
NK cells [46, 47], which is believed to create a favorable
TME for various antitumor treatments. Taken together,
the above results demonstrate that the enhancement
of the combinational therapy on antitumor efficacy is
mainly attributed to the EMT reversion and the resulted
TME remodeling.

Safety evaluation

In order to investigate the safety of combinational CFH/
OM-L and IC-ML, the blood routine, liver/spleen index,
and H&E staining of main normal tissues were studied.
As shown in Additional file 1: Fig. S9, the core indicators
of blood routine, such as WBC, RBC, HGB, and PLT, did
not present any significant abnormalities after various
treatments. As the liver and spleen index, there was no
significant changes between the combination therapy and
the control (Additional file 1: Fig. S10). According to the
H&E-stained sections of the main normal tissues, espe-
cially the liver sections, no necrosis or inflammation was
observed in different groups (Additional filel: Fig. S11).
It again confirms that CFH/OM-L-induced EMT rever-
sion offers a safe approach to reeducate the TME as well
as assist other antitumor therapies.
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Conclusions

In summary, we have developed a CAFs-targeted
liposomal system (CFH/OM-L) capable of inducing
EMT reversion, activating the TME, and promoting
intra-tumoral drug delivery of therapeutic nanoparti-
cles (IC-ML). More notably, the combinational CFH/
OM-L and IC-ML strengthens the anticancer efficacy
via inactivating the production of CAFs, suppressing
the expression of collagen, and increasing the infiltra-
tion of immunocompetent cells. This study provides a
novel CAFs-targeted EMT reversion strategy for TME
remolding and adjuvant treatment of hepatocellular
carcinoma.

Materials and methods

Materials

OM was purchased from Liangwei Biological Technol-
ogy Co., Ltd (Nanjing, China). Icaritin was obtained
from Feiyu Biological Technology Co., Ltd (Nantong,
China). Hydrogenated soybean phosphotidylcholine
(HSPC) was purchased from AVT Pharmaceutical Tech
Co., Ltd (Shanghai, China). Cholesterol was bought from
Huixing Co., Ltd (Shanghai, China). 1,2-Distearoyl-sn-
glycero-3-phosphatiylethanol-amine-N-[methoxy (poly-
ethyleneglycol)-2000] (DSPE-PEG,,,) was offered by
Lipoids GmbH (Ludwigshafen, Germany). CFH peptide
(CFHKHKSPALSPVGGG) was synthesized by GL Bio-
chem Co., Ltd (Shanghai, China). DSPE-PEG,,,-maleim-
ide (DSPE-PEG,,,-MAL) was provided by Ponsure
Biotech, Inc (Shanghai, China). 1,1’-Dioctadecyl-3,3,3’,3’-
tetramethylindodicarbocyanine perchlorate (DiD) was
obtained from Ruitaibio Co., Ltd (Beijing, China). Cou-
marin 6 (C6) was purchased from Aladdin Biochemi-
cal Technology Co., Ltd (Beijing, China). Cell counting
kit-8 (CCK-8) was purchased from Dojindo Laboratories
(Tokyo, Japan). The enzyme linked immunosorbent assay
(ELISA) kits of collagen I was bought from Elabscience
Biotechnology Co., Ltd (Wuhan, China). Tenascin C pro-
tein primary antibody was obtained from R&D Systems,
Inc. (Minneapolis, MN, USA). The protein primary anti-
bodies of a-SMA, vimentin, N-cadherin, E-cadherin
and snail were purchased from Cell Signaling Technol-
ogy (Danvers, MA, USA). Vimentin, CD86, CD206 and
CD161 primary antibodies were offered by Abcam and
Biorybt (Cambridge, UK). GAPDH protein primary anti-
body and AlexaFlour 555/488-labeled secondary anti-
bodies were purchased from Proteintech Group, Inc (IL,
USA). Other chemicals were of analytical grade unless
otherwise stated.
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Synthesis of DSPE-PEG,,,-CFH

As reported previously, DSPE-PEG,y,,-MAL and CFH
peptide with a molar ratio of 1/2 were stirred in N,N-
dimethylformamide at room temperature [22]. After 4
days of reaction, the raw product was on dialysis (molecu-
lar weight cut-off, MWCO: 3000 Da) with running deion-
ized water for 12 h, followed by lyophilization for further
use. The chemical structure of DSPE-PEG,,,-CFH was
confirmed by Fourier transform infrared spectroscopy
(FT-IR, Tensor 27, Bruker Optik GmbH, Ettlingen, Ger-
many), hydrogen spectrum nuclear magnetic resonance
(*H NMR, Bruker Optik GmbH, Ettlingen, Germany),
and matrix-assisted laser desorption/ionization time-of-
flight mass spectrometry (MALDI-TOF MS, Bruker Dal-
tonics, USA).

Preparation and characterizations CFH/OM-L and IC-ML
CFH/OM-L was prepared by a pH-gradient method
as reported previously [16]. Briefly, HSPC/cholesterol/
DSPE-PEGy/DSPE-PEGy,,-CFH with a molar ratio of
38/19/0.5/1 were mixed in 2 mL aliquots of chloroform
and obtained a thin lipid film under reduced pressure.
The blank liposomes were gained after successive hydra-
tion with citric acid solution (150 mM) and ultrasonica-
tion. Next, the pH of the liposomes was adjusted to 8.0
via sodium carbonate solution (300 mM), followed by
dropping OM solution and incubating in 50 °C to yield
CFH/OM-L. Likewise, the OM-L was prepared with a
similar method but without DSPE-PEG,;,,-CFH. The
FH/OM-L were prepared by a similar method but replac-
ing DSPE-PEGy,,-CFH with DSPE-PEG,,,-FH [20]. For
fluorescence labelling, C6-loaded liposomes (C6-L and
CFH/C6-L) and DiD-loaded liposomes (DiD-L and CFH/
DiD-L) were prepared by the aforementioned method
but replacing OM with corresponding probes.

The average particle size, zeta potential, polydispersity
index (PDI) of the OM-L and CFH/OM-L were meas-
ured by dynamic light scattering (DLS, ZetasizerNano 90,
Malvern, Worcestershire, UK). The morphology of OM-L
and CFH/OM-L were observed with transmission elec-
tron microscopy (TEM, HT7700, Hitachi, Tokyo, Japan).

The encapsulation efficiency (EE) of OM-L and CFH/
OM-L was determined by the ultrafiltration method as
described in the previous report [16]. The unencapsu-
lated drug was separated by the Nanosep tubes (MWCO:
10 kDa, Nanosep, Pall life sciences, USA) at a centrifuga-
tion rate of 13,000 rpm. The liposome was dissociated by
the 10% Triton X-100 to unload OM. The encapsulation
efficiency (EE) was calculated by the following equation,
EE (%) = (1 - Wunencapsulated drug/wtotal drug) x 100%, where
Wunencapsulated drug and wtotal drug represent the Weight of
unencapsulated and the initial feeding OM, respectively.
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As reported previously, IC-ML, a small-in-large lipid
complex consisting of icaritin and coix seed oil, was pre-
pared by a one-step emulsion & film hydration method
[21]. The C6- and DiD-labelled lipid nanoparticles
(C6-NPs, DiD-NPs) were also prepared according to our
previous report [21]. The surface properties, morphol-
ogy and other pharmaceutical parameters of IC-ML were
characterized with a method reported previously [21].

Drug release in vitro

Aliquots of CFH/OM-L placed in the dialysis bags (MW
10 kD) were immersed in various mediums as follows, (1)
0.01 M acetate buffer solution (ABS, pH 5.5); (2) 0.01 M
phosphate buffer solution (PBS, pH 6.5), (3) 0.01 M PBS
(pH 7.4). Likewise, the release profiles of OM and OM-L
were also investigated in 0.01 M PBS (pH 7.4) by the
method aforementioned. The accumulative release of
OM was determined by HPLC (Waters ACQUITY Arc,
Waters Corporation, MA, USA).

Cell culture

Human hepatic stellate cells (LX-2) and hepatocellular
carcinoma cells (HepG2) were cultivated in Dulbecco’s
Modified Eagle’s Medium (DMEM) with 10% (v/v) fetal
bovine serum, 1% penicillin (100 U/mL), and streptomy-
cin (100 mg/mL) in an incubator with 37 °C and 5% CO,,.

Induction of CAFs in vitro

As previous reported [20], LX-2 cells (1 x 10* cells/well)
were seed on the circular polylysine-coated glass sheets
in 24-well plates for 24 h. The cells were then incubated
with DMEM containing 10 ng/mL TGEF-f1 for another
24 h. To verify the activation, a-SMA and tenascin C pro-
tein were identified by immunofluorescence [48].

Cellular uptake

Thirty thousand of CAFs were seeded in 24-well plate for
24 h. Next, CAFs were treated with free C6, C6-L, CFH/
C6-L and CFH/C6-L+ CFH peptide (1 mg/mL) at a C6
concentration of 100 ng/mL for 2 h, followed by rins-
ing the cells with PBS thrice. Each sample was observed
by the fluorescence microscope (VHY-700, Olympus,
Tokyo, Japan) immediately. Afterward, the cell suspen-
sion was obtained with trypsinization, dispersed in 500
pL of PBS, and then analyzed by flow cytometry (FAC-
SCalibur, BD Biosciences, CA, USA) by counting 10,000
events, successively.

To explore the cellular uptake mechanisms of CFH/
C6-L, the TFG-P1-activated CAFs were pretreated with
amiloride (133 pg/mL), genistein (54 pg/mL), sucrose
(154 mg/mL) at 37 °C, respectively. As well, the cells
were also incubated with PBS at 4 °C in advance. After
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1 h of preincubation, the CAFs were treated with CFH/
C6-L for another 2 h in the presence of above-mentioned
inhibitors at 37 °C. The fluorescence intensity of cells
was quantified by flow cytometry (FACSCalibur, BD Bio-
sciences, CA, USA).

EMT reversion in vitro

Fifty thousand of TFG-P1-activated CAFs were seeded
into 12-well plate, followed by treating with FBS-free
DMEM, OM, OM-L and CFH/OM-L at an OM con-
centration of 32 uM for 24 h, respectively. a-SMA,
vimentin, N-cadherin, E-cadherin and snail proteins in
various groups were observed through immunofluores-
cence staining or western blotting assay according to the
standard protocol [25].

The expression of collagen in CAFs was stained by
the picrosirius red. Briefly, The CAFs were washed with
500 pL of PBS thrice. Next, 800 pL of 4% paraformal-
dehyde was added into each well for 15 min, and then
washed with 500 pL of PBS twice. Afterward, the cells
were stained with 600 pL of picrosirius red staining
solution for 30 min, and again rinsed with 1 mL of PBS
thrice. After ethanol dehydration and air-dried, the
stained cells were observed by the inverted microscope
immediately [49]. In addition, the collagen I of CAFs
was quantified using by the corresponding ELISA kit
(Elabscience, Wuhan, China) according to the standard
protocol.

Penetration in multicellular 3D tumor spheroids

The 3D tumor spheroids of mixed HepG2 and LX-2 cells
were constructed according to the previous report [50].
Aliquots of CFH/OM-L at the OM concentration rang-
ing from 40 to 200 pM was incubated with the 3D tumor
spheroids for 24 h. Next, C6-NPs at a C6 concentration of
100 ng/mL was added to the 3D tumor spheroids. After
10 h of incubation, 3D tumor spheroids were observed
by confocal laser scanning microscope (CLSM, TCS SP8,
Leica, Gemmary) to obtain Z-stack images (10 pm inter-
val/scan). The penetration depth of C6-NPs inside the 3D
tumor spheroids was quantified by LAS X software.

Anti-proliferation against multicellular 3D tumor spheroids
3D tumor spheroids were treated with CFH/OM-L,
IC-ML and CFH/OM-L+IC-ML for 24 h, respectively.
The concentration of IC and OM were set as 8 uM and 40
uM, respectively. After incubation, the tumor spheroids
were further stained with the CCK-8 (Dojindo Labora-
tories, Japan) for 4 h. The absorbance of each well was
recorded at 450 nm using a microplate reader (Varioskan
Flash; Thermo Fisher Scientific, MA, USA). The cell via-
bility (%) of tumor spheroids was calculated according to
advice protocol of CCK-8.
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In order to further evaluate the long-term anti-pro-
liferation of various formulations, the 3D tumor sphe-
roids were treated with CFH/OM-L, IC-ML and CFH/
OM-L+IC-ML once every two day. The area and mor-
phology of the 3D tumor spheroids were observed
using inverted microscope, followed by fixing with 4%
paraformaldehyde and staining with hematoxylin/eosin
(H&E) according to the protocol.

Stromal-rich xenograft tumor models

Prior to the experiment, male nude mice (BALB/c,
20+£2 g) were acclimated for at least 7 days with free
access to food and water in a 12 h light-dark cycle. Two
hundred microliters of cell suspension containing HepG2
cells (1 x107) and LX-2 cells (1 x 107) were subcutane-
ously injected into the right flank of the nude mice. The
stromal-rich xenograft tumor models were considered as
success once the tumor size reached 60—-80 mm?®.

NIR imaging in vivo

Once the xenograft tumor size of the models grew up
to 120—-150 mm?, the stromal-rich mice were randomly
assigned to 4 groups (n=3): saline, free DiD, DiD-L and
CFH/DiD-L. The mice were intraperitoneally injected
with above-mentioned formulations at a DiD dosage of
200 pg/kg. At 0.5-24 h post administration, the mice
were anesthetized by isoflurane and observed with near-
infrared (NIR) in vivo imaging system (IVIS Lumina II,
Xenogen, USA) to obtain NIR imaging. Next, the mice
were euthanized at 24 h post administration. The ex vivo
tumor tissues and organs (heart, liver, spleen, lung, kid-
ney) were excised for NIR imaging. The excitation and
the emission wavelength were set at 640 and 668 nm,
respectively. The fluorescence intensity of tumor tissues
and organs were quantified by the region-of-interests
tool. After preparation of frozen section, the anti-a-SMA
antibody was employed to observe the CAFs by CLSM.

Characterizations of fibroblast and collagen of tumors
Stromal-rich xenograft tumor-bearing nude mice were
randomly-divided into 4 groups (n=3): saline, OM,
OM-L and CFH/OM-L. The mice were intraperitoneally-
injected with above-mentioned formulations at an OM
dosage of 50 mg/kg, respectively. The administration was
performed once every day for 5 days. At the end of the
treatment, the mice were sacrificed and the tumors were
collected for Masson’s trichrome staining and o-SMA
immunohistochemical staining according to the corre-
sponding protocols [51].

Accumulation and penetration in vivo
Stromal-rich xenograft tumor-bearing nude mice were
randomly-divided into 4 groups (n=3): saline, OM,
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OM-L and CFH/OM-L. The mice were intraperitoneally-
injected with above-mentioned formulations at an OM
dosage of 50 mg/kg, respectively. The administration
was performed once every day for 5 days. At 24 h post
the last OM-based treatment, DiD-NPs were intraperito-
neally injected at a DiD dosage of 200 pg/kg. After 24 h,
the mice were anesthetized with online isoflurane, and
observed by NIR in vivo imaging system (IVIS Lumina II,
Xenogen, USA). The penetration of DiD-NPs inside the
tumor tissues was quantified by Image]J software [52].

Combinational antitumor efficacy in vivo
Fifty-two nude mice bearing stromal-rich xenograft
tumors were randomly divided into 4 groups, and the mice
were intraperitoneally injected the following formulations:
saline, CFH/OM-L, IC-ML and CFH/OM-L+IC-ML.
CFH/OM-L (50 mg OM/kg) and IC-ML (1.5 mg IC/
kg) were administrated once every day and once every
two day, respectively. The tumor size, body weight, and
survival time of mice were monitored during the treat-
ment. The long diameter (a) and short diameter (b) of
tumors were measured using vernier caliper. The volume
of the tumors was calculated according to the formula:
V=(axb?/2. After 16 days of post-xenograft implanta-
tion, the tumors of 5 mice randomly-selected from each
group were harvested, weighted and prepared the sections.
The remaining mice were observed the survival time. The
tumor index was calculated as the weight of the tumor to
the body weight. The inhibition ratio of tumor was calcu-
lated as 1 — (T g/ Tqyine)» Where T, and Ty, represent
the tumor index of the test and saline group, respectively.
H&E staining, TdT-mediated dUTP nick end labeling
(TUNEL) staining and immunohistochemistry of Ki67
were performed to evaluate the tumor necrosis, apop-
tosis, and proliferation, respectively [53]. The Masson
staining and immunofluorescence staining of a-SMA
were used to characteristic collagen and CAFs of the
tumors [54]. The in vivo EMT process of the tumor tis-
sues was verified via immunohistochemical staining of
vimentin, N-cadherin, E-cadherin and snail protein by
the protocols [55]. The M1 TAMs, M2 TAMs, and NK
cells were labelled with anti-CD86, anti-CD206 and anti-
CD161 antibodies according to the corresponding proto-
cols, respectively.

In vivo safety studies

After the treatments, the blood of mice was collected
through retro-orbital route. The number of white blood
cells (WBC), red blood cells (RBC), hemoglobin (HGB)
and platelets (PLT) were determined by automatic hema-
tology analyzer (AU5800, Beckman Coulter, USA). The
normal tissues of mice, such as heart, liver, spleen, lung
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and kidney, were harvested and weighted. The liver/
spleen index was calculated as the weight ratio of the
liver/spleen tissues to the body. H&E-stained sections
of various normal tissues were performed by the corre-
sponding protocol [56].

Data analysis

All Data presented in this study were shown as a
mean =+ standard deviation (SD). Statistical tests were
performed by SPSS 21.0 statistical software. ANOVA was
employed to evaluate the statistical significance. *P<0.05
and **P<0.01 represent significant and extremely signifi-
cant difference, respectively.
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