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A novel antitumor peptide inhibits proliferation and migration and promotes
apoptosis in glioma cells by regulating the MKK6/p38 signaling pathway
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Protein- or peptide-based therapeutics have emerged as an innovative strategy for the treatment of cancer. Our previous
research demonstrated that tripartite motif 9 short isoform (TRIMYs) is a tumor suppressor in glioma. In this report,
we investigated whether a new peptide derived from TRIM9s, named T9sP, inhibits glioma progression and determined
the possible molecular mechanism. The CCK-8 proliferation assay was performed in LN229 and U251 glioma cells. The
scratch-wound assay was used to determine the migration of the cells. Apoptosis was assessed by flow cytometry using
Annexin V-FITC/PI double staining method. The relative protein expression levels were detected by immunoblot analysis.
The cell-penetrating peptide TAT was fused with T9sP to form TAT-T9sP. TAT-T9sP efficiently penetrated through the
cell membrane of both LN229 and U251 cells. TAT-T9sP inhibited proliferation and migration and promoted apoptosis of
glioma cells. TAT-T9sP activated p38 signaling by upregulating MKK6, and a p38 inhibitor, SB203580, reversed the inhibi-
tory effects of TAT-T9sP on glioma cells. These results indicated the potential of TAT-T9sP for the development of a new

anti-glioma medicine.
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Glioma is a primary malignant intracranial tumor that
accounts for 50-60% of primary tumors of the central
nervous system (CNS) [1]. According to the glioma classi-
fication criteria of the World Health Organization (WHO),
glioblastoma (GBM) is the most malignant type of glioma
and accounts for approximately 56% of glioma [2]. The
annual incidence of GBM is approximately 6/100,000 world-
wide, and it has increased over the last ten years [3, 4]. GBM
patients usually have a poor prognosis with a median survival
of approximately 10 months [5]. Despite recent advances in
multiple combined therapies, including maximal surgical
resection and chemoradiotherapy, the survival rate of GBM
patients remains low [6-8]. Thus, the investigation of novel
effective therapeutic strategies for the treatment of glioma is
needed and is challenging.

Recently, protein/peptide therapeutics have emerged as
a new strategy for treating multiple cancers [9]. Proteins/
peptides are a group of important therapeutic agents with
unique advantages, such as high specificity, low toxicity, and
easy manipulation [10]. The p53p-Ant peptide, composing
the COOH-terminal peptide of p53 and truncated homeobox

domain of Antennapedia (Ant), inhibited cell proliferation
by inducing rapid apoptosis in a Fas-dependent manner
in glioma cell lines [11]. The synthetic peptide LyeTxI-b
inhibited cell growth, increased autophagy, disrupted cell
membrane integrity, and induced necrosis in glioma cell lines
and showed mild cytotoxicity in several non-tumor cell lines
[12]. The anticancer activity of the Dermaseptin-PS1 peptide
involved the disruption of the cell membrane and induction
of intrinsic apoptosis in glioma [13]. A combination of vicro-
statin plus temozolomide was effective in the treatment of
intracranial glioma in mice [14]. Several peptides have been
used to treat glioma; however, novel peptides, which may
potentially be developed into new drugs, are still needed.

In our previous study on the molecular function of
TRIMY in glioma, we made an interesting observation
[15]. TRIM9 has two isoforms, the full-length TRIMY,
named TRIMOI (700 amino acids), and the short isoform
of TRIMY, named TRIMYs (550 amino acids). TRIM9Ys,
and not TRIMY], suppressed glioma progression by mutual
stabilization with MKK6 to potentiate the p38 signaling.
Furthermore, TRIM9s could interact with MKKS6, while
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TRIMO], TRIM91-SD (TRIMOI minus the shared domain
with TRIM9s), or TRIM91-UD (TRIM9] minus the unique
domain of TRIMYI) did not interact with MKK6 [15]. This
observation suggested that the antitumor effect of TRIM9s
on glioma may be due to a specific sequence of TRIM9s
(TSEGKALQQYPSERELRGI), named T9sP. As protein/
peptide cargoes usually have relatively low cell membrane
permeability, the cell-penetrating peptide (CPP) TAT
(GGRKKRRQRRR), a commonly used short peptide for
drug delivery in glioma [16], was utilized to facilitate the
intracellular delivery of T9sP. In the present paper, our main
objective is to survey the biological effects and the under-
lying molecular mechanisms of TAT-T9sP in glioma.

Materials and methods

Chemicals and reagents. T9sP, FITC-T9sP, TAT-T9sP,
FITC-TAT-T9sP, scrambled control peptide (Scr,
GQLYEAQRKGITEPSSRLE) generated by the permutation
of T9sP sequence, FITC-Scr, TAT-Scr, and FITC-TAT-Scr
were designed and synthesized by Beierbo (Nanjing, China).
Ultra-high performance liquid chromatography (HPLC)
system was performed to purify all the peptides, resulting in
purity >98%. Dulbecco’s modified eagle medium (DMEM),
phosphate-buffered saline (PBS, pH7.4), fetal bovine serum
(FBS), penicillin-streptomycin-glutamine (100x), and trypsin
contains EDTA and phenol red (0.25%) were purchased from
Thermo Fisher Scientific (Waltham, MA, USA). Peptide
stocks (10 mM) were prepared in PBS and stored in aliquots
at -80°C until use. A p38 inhibitor (SB203580) was obtained
from Selleck (Houston, Texas, USA). The primary antibodies,
including phosphorylated p38 MAP kinase (#9211), p38
MAP kinase (#8690), phosphorylated ERK1/2 (#9101),
ERK1/2 (#9102), phosphorylated JNK (#9251), JNK (#9252),
and P-actin (#4970) were obtained from Cell Signaling
Technology (Danvers, MA, USA). MKK6 antibody (51094-
1-AP) was purchased from Proteintech (Hubei, China).
The secondary antibody (peroxidase affinity-purified goat
anti-rabbit IgG, 111-035-003) was obtained from Jackson
Immuno-Research (PA, USA).

Cell culture. The normal human glial cell line HEB was
obtained from Beierbo (Nanjing, China). The human GBM
cell lines including LN229 and U251 were purchased from
the Cell Bank of the Chinese Academy of Sciences (Shanghai,
China). Complete medium (DMEM supplemented with 10%
FBS and 1% antibiotics) was used for supporting the growth
of all the cell lines. Cells were cultured under the same condi-
tions, including humidified air, 5% CO, concentration, and
37°C constant temperature. Cells, in the log phase of growth,
were chosen for the following experiments.

Invitro cellular uptake. LN229 and U251 cells were seeded
in 6-well cell culture plates upon reaching 70% confluence.
All the cell lines were treated with FITC-Scr, FITC-TAT-
Scr, FITC-T9sP, or FITC-TAT-T9sP, respectively. After 24 h
of incubation, the cells were evaluated under a fluorescence

microscope (Olympus IX71, Tokyo, Japan). Furthermore, the
amount of intracellular green fluorescence was determined
by using a Guava EasyCyte 6HT-2L flow cytometer (Milli-
pore, Boston, USA).

Cell proliferation assay. To detect cell proliferation, a cell
counting kit-8 (CCK-8) assay (Beyotime, Shanghai, China)
was performed as described by experimental instructions of
the manufacturer. All the cell lines (HEB, LN229, and U251
cells) were seeded in 96-well cell culture plates at optimum
density in 100 pl of culture medium, and then treated with
a series of different concentrations of TAT-Scr, TAT-T9sP, or
TAT-T9sP plus SB203580 for 24 h. 10 pl of CCK-8 solution
was added to each well and the plates were incubated in the
37°C incubator for 1 h. The absorbance was determined at
450 nm by a Synergy 2 microplate reader (BioTek, Winooski,
USA).

Wound healing assay. The LN229 and U251 (1x10° cells/
well) glioma cells were seeded in 6-well cell culture plates and
were allowed to completely adhere overnight. A consistent
wound gap between the cells was generated by a disposable
pipette tip. Subsequently, the cells were washed with PBS and
exposed to TAT-Scr, TAT-T9sP, or TAT-T9sP plus SB203580
for 24 h. The wound was photographed using a phase-contrast
microscope (Olympus IX71, Tokyo, Japan), and the wound
field was quantified and expressed using the Image] software.
The relative migration rate was evaluated according to the
equation: The percent wound closure (%) = [wound distance
(0 h) - wound distance (n h)]/wound distance (0h) x100%.

Migration assay. The cell migration assay was performed
using Transwell plates (BD, New Jersey, USA) as previ-
ously reported [17]. The pictures were photographed in six
randomly selected fields under the microscope with Image-
Pro Insight software (Olympus IX71, Tokyo, Japan).

Cell apoptosis assay. The cells were collected after
TAT-Scr, TAT-T9sP, or TAT-T9sP plus SB203580 treatment
for 24 h. Then, the Annexin V-FITC/propidium iodide
(PI) flow cytometric analysis was performed to identify the
apoptotic cells. The collected cells were washed with cold PBS
and centrifuged at 1000x g for 5 min. The supernatant was
discarded, the cells were resuspended in Annexin V-FITC
binding solution and then stained with Annexin V-FITC
and PI (Beyotime, Shanghai, China) in the dark for 20 min
at room temperature (20-25°C). The apoptotic cells were
investigated by flow cytometry on a Guava EasyCyte 6HT-2L
instrument.

Western blot. The cells treated with peptides were lysed
with ice-cold RIPA lysis buffer (MultiSciences Biotech, China)
at the indicated time points. The protein content was assayed
by using the bicinchoninic acid (BCA) method. The proteins
were denatured by loading buffer at 100°C for 5 min, and
equal amounts of protein were loaded onto sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) gel.
Immediately afterward, the proteins were electrotransferred
to polyvinylidene difluoride (PVDF) membranes at 350 mA.
The membranes were incubated with blocking buffer for 1 h
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at room temperature followed by incubated with antibodies
against MAPKs, MKK®, or B-actin at the optimal dilution
with gentle agitation overnight at 4°C. After washed three
times, the membranes were incubated with the secondary
antibody for 1 h at room temperature. Finally, the immunore-
active proteins were observed using standard ECL substrates
(Thermo, USA) by a Tanon-4600 imaging system (Tanon,
Shanghai, China).

Statistical analysis. All experiments were repeated at least
three times and the data are shown as the mean + standard
deviation (SD). Statistical analysis of group comparison was
determined by GraphPad Prism 5.0 software. The differences
between two groups and multi-groups were analyzed with
unpaired Student’s t-test and one-way ANOVA followed by
Tukey analysis, respectively. The significance of differences
was at p-value of <0.05.

Results

TAT-T9sP peptide and in vitro uptake. To enhance
the transmembrane permeability, the T9sP peptide or Scr
peptide was fused with TAT to form TAT-T9sP or TAT-Scr,
respectively, as illustrated in Figure 1A. The peptide had a
purity > 98% and a molecular mass of 3598.1 Da according to
the UHPLC analysis (Supplementary Figure S1A) and mass
spectrometry, respectively (Supplementary Figure S1B).
To monitor the uptake, fluorescein isothiocyanate (FITC)
was used to label TAT-T9sP or TAT-Scr to generate FITC-
TAT-T9sP or FITC-TAT-Scr. The cells were incubated with
FITC-Scr, FITC-TAT-Scr, FITC-T9sP, or FITC-TAT-T9sP
for 24 h, and fluorescence microscopy was used to analyze
the cellular internalization of these peptides. As shown in
Figure 1B, strong green fluorescence was observed in the
cells exposed to FITC-TAT-Scr and FITC-TAT-T9sP, and
low green fluorescence was detected in the cells exposed
to FITC-Scr and FITC-T9sP. This observation was also
confirmed by a flow cytometry experiment. As shown in
Figures 1C-1F, the green fluorescence intensity was signifi-
cantly enhanced in the cells treated with FITC-TAT-Scr and
FITC-TAT-T9sP and was barely increased in the cells treated
with FITC-Scr and FITC-T9sP. As Scr and T9sP were unable
to efficiently penetrate the cell membrane, TAT-Scr and
TAT-T9sP were used in the subsequent experiments. These
results suggested that TAT-T9sP could penetrate through the
cell membrane.

TAT-T9sP inhibited cell proliferation and migration
and promoted cell apoptosis. To determine the antitumor
effects of TAT-T9sP on glioma, different concentrations
of TAT-T9sP were added to HEB, LN229, and U251 cells.
The CCK-8 assay results indicated that TAT-T9sP was not
cytotoxic to HEB cells (Figure 2A). The viability of LN229
cells treated with TAT-T9sP was gradually decreased in a
dose-dependent manner, and TAT-Scr was not cytotoxic
to the LN229 cells (Figure 2B). The ICs, value of TAT-T9sP
in LN229 cells was 350.2 uM (Supplementary Figure S2A).

The viability of U251 cells treated with TAT-T9sP was also
diminished in a clear dose-dependency, and TAT-Scr was
not cytotoxic to U251 cells (Figure 2C). The ICs, value of
TAT-T9sP in U251 cells was 206.7 uM (Supplementary
Figure S2B). As TAT-T9sP was cytotoxic in LN229 cells at a
concentration of 40 uM and in U251 cells at a concentration
of 20 pM, the TAT-T9sP concentration of 40 uM was chosen
for the following experiments.

Cell migration is an essential stage for cancer metastasis;
hence, the effect of TAT-T9sP on cell migration was examined
using the scratch-wound assay. The wound closure was almost
complete at 48 h in LN229 cells treated with TAT-Scr, and
the wound was partially closed at 48 h in LN229 cells treated
with TAT-T9sP as shown in Figure 2D. The relative migra-
tion rate was statistically analyzed as shown in Figure 2E.
Similar to the observations in LN229 cells, TAT-T9sP, but not
TAT-Scr, significantly inhibited the migration of U251 cells
as shown in Figure 2F The statistical analysis of the relative
migration rate in U251 cells was shown in Figure 2G. The
Transwell migration assay was also performed to evaluate
the effect of TAT-T9sP on cell migration. As shown in Figure
2H, compared with TAT-Scr, TAT-T9sP significantly inhib-
ited the migration of LN229 and U251 cells. The statistical
analysis results of the relative migration rate in LN229 and
U251 cells are shown in Figures 2I and 2J.

Furthermore, the effect of TAT-T9sP on apoptosis was
examined using the FITC-Annexin V/PI assay. As shown
in Figures 2K and 2L, TAT-T9sP treatment increased the
average ratio of cells that were in early apoptosis from 3.84%
to 20.44%, and the average ratio of cells that were in late
apoptosis or already dead was increased from 2.08% to 4.44%
in LN229 cells. As shown in Figures 2M and 2N, TAT-T9sP
treatment increased the average ratio of cells that were in
early apoptosis from 3.31% to 22.04%, and the average
ratio of cells that were in late apoptosis or already dead was
increased from 3.85% to 8.99% in U251 cells. However, no
significant changes were observed in LN229 and U251 cells
treated with TAT-Scr.

TAT-T9sP activated p38 signaling by upregulating
MKK6. According to our previous reports, TRIMOs
suppresses GBM progression by stabilizing MKK6 to
enhance p38 signaling; thus, we sought to determine
whether the TAT-T9sP peptide derived from TRIM9s influ-
ences the MKK6/p38 axis. The levels of MKK6 and p-p38
were significantly increased after TAT-T9sP treatment, and
SB203580 significantly reversed this effect in LN229 cells
(Figure 3A). The statistical analysis is shown in Figures 3B
and 3C. Similar results were detected in U251 cells, as shown
in Figure 3D. The statistical analysis is shown in Figures 3E
and 3E Then, we investigated whether TAT-T9sP influences
other MAPKs. As shown in Figures 3G-3I, small changes
in the protein levels of ERK, p-ERK, JNK, and p-JNK were
detected after the cells were treated with TAT-T9sP. These
results suggested that TAT-T9sP activated p38 signaling by
upregulating MKK6.
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Figure 1. Peptide design and cellular uptake in vitro. A) Scheme of the structure of TAT-T9sP and TAT-Scr. B) The cells were treated with PBS as the
control group (Ctrl), FITC-Scr, FITC-TAT-Scr, FITC-T9sP, or FITC-TAT-T9sP for 24 h, and representative cell images were captured under a fluores-
cence microscope (with phase-contrast as a control). Scale bars, 100 pm. C, D) The green fluorescence intensity in the cells after different treatments
assayed by flow cytometry. E, F) Statistical analysis of the fluorescence intensity in cells determined by flow cytometry. ***p<0.001 vs. Ctrl

SB203580 reversed the inhibitory effects of TAT-T9sP
on glioma. TAT-T9sP inhibited tumor progression and
activated p38 signaling in glioma; thus, we examined if the
inhibitory effect of TAT-T9sP is dependent on p38 activa-
tion. SB203580, a specific ATP-competitive inhibitor of
p38 MAPK, was used to inhibit p38 activation. SB203580
abolished the inhibitory effect of TAT-T9sP on cell prolif-
eration in LN229 cells as shown in Figure 4A and in U251

cells as shown in Figure 4B. The ICy, value of TAT-T9sP was
upregulated from 350.2 uM to 412.9 uM in LN229 cells after
SB203580 treatment (Supplementary Figure S2C). The ICs,
value of TAT-T9sP was upregulated from 206.7 M to 270.4
uM in U251 cells after SB203580 treatment (Supplementary
Figure S2D). Moreover, SB203580 attenuated the inhibitory
effect of TAT-T9sP on cell migration in LN229 cells as shown
in Figure 4C-D and in U251 cells as shown in Figures4E
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and 4F SB203580 also released the inhibitory effect of
TAT-T9sP on cell migration as indicated in the Transwell
migration assay in LN229 cells and in U251 cells as shown in
Figures 4G-4I. Furthermore, SB203580 decreased enhanced
apoptosis induced by TAT-T9sP in LN229 cells as shown in
Figures 4]-K and in U251 cells as shown in Figures 4L and
4M. These results confirmed that the inhibition of TAT-T9sP
on glioma was dependent strongly on p38 activation.

Discussion

Chemotherapy with temozolomide (TMZ), bis-chloro-
ethyl nitrosourea (BCNU), or other cytotoxic agents is a
critical part of the standard treatment for GBM [18]. Despite
the advances in GBM knowledge and therapeutic drug devel-
opment, the prognosis of GBM patients remains poor [5]. In
thisresearch, the antitumor effect of anovel peptide TAT-T9sP
was examined in glioma in vitro. TAT-T9sP inhibited cell
proliferation and migration and promoted cell apoptosis by
upregulating MKKG6 to potentiate the p38 signaling pathway
in glioma. These results indicated the potential of TAT-T9sP
to be developed into a new anti-glioma medicine.

A LN229 D
TAT-T9sP - + + - - TAT-T9sP - +
SB203580 - - + - + SB203580 -
TAT-Scr - - - + + TAT-Scr_ -

MKK6é . ‘

During the last decade, the use of protein/peptide drugs
was the crucial strategy for treating cancer [19]. Compared
with chemotherapy and gene therapy, protein/peptide drugs
have many advantages such as high specificity, high tolerance,
low toxicity, and low genotoxicity [20]. Furthermore, advances
in protein engineering and molecular modeling enabled the
easy manipulation and application of peptides with short
amino acid sequences, thus making them more suitable for
clinical use [21]. The peptide FNIII14 is able to suppress cell
survival, potentiate TMZ cytotoxicity, and downregulate
Of-methylguanine-DNA methyltransferase (MGMT) levels
via the inactivation of integrins in vitro and in vivo in glioma
[22]. Epinecidin-1, an antimicrobial peptide (AMP), promotes
mitochondrial hyperpolarization, causes DNA damage,
and increases reactive oxygen species (ROS) generation to
induce cell death in GBM [23]. The AMP tilapia piscidin 4
(TP4) induces cell cytotoxicity by impairing mitochondria
and elevating intracellular ROS in GBM [24]. In the present
study, the T9sP derived from the C-terminus of TRIM9s was
confirmed as an effective antitumor peptide. T9sP inhibits cell
proliferation and migration and promotes cell apoptosis by
upregulating MKK6 to potentiate the p38 signaling.
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Figure 4. SB203580 reversed the inhibitory effects of TAT-T9sP on glioma. A, B) The cell proliferation was determined by the CCK-8 assay in the
cells after different treatments. C) The migration was evaluated by the scratch-wound assay in LN229 cells. Scale bar, 200 pm. D) Quantification of
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One of the main obstacles to the efficacy of active
proteins/peptides in tumor cells is low cell permeability
[25]. Various drug delivery systems, such as lipid-based
membrane nanocarriers, polymeric carriers, and inorganic

vehicles, have been designed to enhance the cell permeability
of these active proteins/peptides. An angiopep-2-functional-
ized lipid-based nanovector encapsulating nutlin-3a and iron
oxide nanoparticles could penetrate the blood-brain barrier
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(BBB) and selectively promote GBM cell death [26]. A
polycationic liposomal polyethyleneimine and polyethylene
glycol complex (LPPC) was developed to protect and deliver
n-butylidene phthalide (BP) into brain tumor sites. The BP/
LPPC was able to cross the BBB and decrease tumor volume
by ameliorating cell cycle arrest and triggering cell apoptosis
[27]. The PL3 peptide, which interacts with tenascin C, was
proven to enhance the function of an iron oxide nanoworm
and suppress GBM [28]. A PVAP-modified liposome
containing MTI-31 is efficiently internalized by tumor cells
and suppresses GBM proliferation in vitro and in vivo [29].
Chlorotoxin (CTX) is a highly specific peptide targeting
chloride channels (CIC-3) and matrix metalloproteinase
(MMP-2), which are overexpressed in glioma tumor cells.
CTX-conjugated PLGA nanoparticles containing morusin
are able to inhibit cell proliferation and promote apoptosis
in vitro [30]. A novel drug delivery system composed of red
blood cell (RBC) membrane, drug nanocrystals (NCs), and
a tumor-targeting RGD peptide selectively delivers NCs to
glioma with high specificity and enhanced antitumor efficacy
[31]. A cell-penetrating peptide R8-conjugated liposomes
(R8PLP), efficiently cross BBB and deliver doxorubicin to
the tumor region, leading to reduced tumor growth in vivo
and in vitro [32]. In the present study, CPP TAT was fused to
T9sP to form TAT-T9sP. TAT-T9sP efficiently penetrated the
cell membrane to enter the cytoplasm and inhibit cell growth.

Although our results indicated the possible future use
of TAT-T9sP as a novel antitumor peptide in glioma, our
research has some limitations. 1) The cytotoxicity of T9sP in
glioma was relatively low. The ICs, value of T9sP in LN229
cells was 350.2 uM, and the ICs, value in U251 cells was
206.7 uM. Compared with other antitumor peptides used in
glioma [11-13], it seems that the antitumor effect of T9sP
was mild. This phenomenon may be explained by a lack of
optimization of T9sP. Peptide optimization is a critical step
in the design and development of novel peptide drugs [33].
The sequence of T9sP was originally derived from the protein
sequences different between TRIM9s and TRIMOI according
to different biological functions of the proteins described in
our previous report [15]. Thus, T9sP may need additional
optimization, such as amino acid replacement, peptide
length adjustment, and special chemical modifications [34].
2) The T9sP delivery strategy was not fully investigated. In
the present study, only the CPP TAT was fused with the
T9sP peptide. The T9sP peptide may be delivered through
various protein delivery systems, such as liposomes, DNA
nanostructures, micelles, or nanogels [35]. 3) The molecular
mechanism of the effect of T9sP against glioma was not
fully investigated. The results demonstrated that T9sP inhib-
ited glioma progression through MKK6 stabilization and
p38 potentiation; however, the results are preliminary. For
example, what is the mechanism by which T9sP stabilizes
MKK6? Can T9sP influence other signaling pathways? What
is the precise role of p38 in the effects of T9sP against glioma?
4) The antitumor effect of T9sP was not investigated in vivo.

The present study was performed only in cell lines in vitro. It
is unknown whether T9sP is functional in vivo and whether
T9sP may have some side effects. 5) As the antitumor effect of
T9sP was mild, is it possible that a combination of T9sP with
chemotherapy or radiotherapy will have synergistic effects?
Overall, these questions should be addressed before T9sP is
developed into a novel peptide drug.

In conclusion, this work provides preliminary evidence to
support the possibility that T9sP may be further developed
into an innovative peptide for the treatment of glioma. In
the future, additional well-designed experiments should be
carried out.

Supplementary information is available in the online version
of the paper.
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Supplementary Figure S1. UHPLC chromatogram (A) and mass spectrum (B) of TAT-T9sP.
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Supplementary Figure S2. Cell viability assay. A) The relative cell viability of LN229 cells after treated by different concentrations of TAT-T9sP. B) The
relative cell viability of U251 cells after treated by different concentrations of TAT-T9sP. C) The relative cell viability of LN229 cells after treated by
different concentrations of TAT-T9sP combined with SB203580. D) The relative cell viability of U251 cells after treated by different concentrations of
TAT-T9sP combined with SB203580. Each experiment was repeated 3 times.



