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Summary

Kinases and phosphatases are important players in growth signaling and are involved in cancer development. For development of
targeted cancer therapy, attention is given to kinases rather than phosphatases inhibitors. Src homology region 2 domain-
containing protein tyrosine phosphatase2 (SHP2) is overexpressed in different types of cancers. We investigated the SHP2-
inhibitory effects of two new 5-aminosalicylate—4-thiazolinones in human cervical (HeLa) and breast (MCF-7 & MDA-MB-231)
cancer cells. /n-silico molecular docking showed preferential affinity of the two compounds towards the catalytic over the
allosteric site of SHP2. An enzymatic assay confirmed the docking results whereby 0.01 uM of both compounds reduced
SHP2 activity to 50%. On cellular level, the two compounds significantly reduced the expression of SHP2, KRAS, p-ERK
and p-STAT3 in HeLa but not in the other two cell lines. Phosphorylation of AKT and JNK was enhanced in HeLa and MCF7.
Both compounds exhibited anti-proliferative/anti-migratory effects on HeLa and MCF7 but not in MDA-MB-231 cells. These
results indicate that inhibition of SHP2 and its downstream pathways by the two compounds might be a promising strategy for

cancer therapy in some but not all cancer types.
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Introduction

Discovery of novel compounds that preferentially inhibit tu-
mor cell proliferation/migration by targeting proteins involved
in survival signaling such as kinases and phosphatases appear
to be an effective tool in cancer therapy [1] . Many tyrosine
kinase inhibitors are already approved as targeted therapeutics
for different types of cancers. On the other hand, to the best of
our knowledge, no tyrosine phosphatase inhibitors are ap-
proved although they are also important signal transducers.
Src homology 2 domain-containing protein tyrosine
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phosphatase 2 (SHP2) is one such protein that is widely in-
volved in transcriptional regulation, cytokine signaling, cellu-
lar differentiation and tumor cell proliferation and migration
[2]. SHP2 is encoded by PTPNI11 gene. Germline /somatic
mutations in this gene are reported to associate with syn-
dromes such as Noonan and LEOPARD as well as with tumor
development such as lung, breast, neuroblastoma, skin and
cervical cancers [3]. An elevated expression level of SHP2
has been observed in many of these cancers and is considered
as prognostic and predictive marker [4-6].

Phosphorylation of SHP2 activates many cellular signaling
pathways mainly RAS-MAPK, mTOR, and PI3K-AKT [2].
Moreover, its role associated with RAS-MAPK pathway in
proliferating tumor cells is widely recognized and accepted
[7, 8]. Protein tyrosine phosphatases (PTPs) and protein tyro-
sine kinases (PTKs) are required to activate these pathways
and are often overactivated in cancer cells [9]. Recent studies
have shown that the phosphatase activity of SHP2 regulates
RAS-MAPK pathway with the co-ordinated expression of
down-stream factors like c-Myc, signal transducer and activa-
tor of transcription-3 (STAT3) and zinc finger E-box binding
homeobox 1 (ZEB1) along with checkpoint kinases in breast
and cervical cancers [2, 10]. SHP2 expression was shown to
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be negatively regulated by STAT3 in some types of tu-
mors [9, 11]. Moreover SHP2 mediates tumor invasion
and metastasis in breast cancer cells. Therefore targeting
SHP2 by developing potent inhibitors may reduce tumor
cell growth and metastasis [12].

Few synthetic compounds have been reported previously
for their SHP2 inhibiting potentials. Those compounds target
either the catalytic site (such as: NSC 87877 and some
thiazolidinone derivatives), or the allosteric site (such as:
SHP099) of SHP2 (Fig. 1a). The recently developed com-
pound, SHP099, inhibits SHP2 and suppresses RAS-MAPK
signaling in tumor cells and xenograft models as well [12].

Salicylic acid derivatives are used in various ailments and
are known to have some anti-cancer properties as well [13].
We have previously synthesized and tested novel derivatives
of 5-aminosalicylate—4-thiazolinone for their anti- cancer ac-
tivities. Two of these derivatives showed good anti-cancer
effects on different cancer cell lines [14]. In the present study,
we investigated the effects of these two compounds on the
phosphatase activity of SHP2 and its downstream targets
and how this may modulate the proliferation and the migration
of cancer cells.
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Materials and Methods
Chemicals, antibodies and cell culture

Dulbecco’s Modified Eagles Medium (DMEM) and RPMI
1640 medium were purchased from Sigma Aldrich
(Darmstadt, Germany). For western blot, the antibodies;
SHP2, RAS and p-MAPK, Akt, p-Akt, JNK, p-JNK,
STAT3 and p-STAT3 and their respective mouse/rabbit
secondary antibodies were purchased from Cell
Signaling Technology (Danvers, MA, USA). For SHP2
inhibition assay, the IRSI peptide was purchased from
Peptide 2.0 Inc, (VA, USA). The SHP2 protein and
DiFMUP were purchased from Thermo Fisher Scientific
(Waltham, MA, USA). BpV was purchased from Sigma
Aldrich (Darmstadt, Germany). The synthesis of novel
HH compounds were elaborated previously [13, 14]. All
the stock solutions of HH compounds were made in 100%
DMSO and working solutions for HH compounds treat-
ment never exceeded 1% DMSO.

The cell lines were gifted from Radiobiology and
Experimental Radio Oncology lab, University Cancer
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Fig. 1 SHP-2 inhibitors. a Chemical structure of some previously reported SHP-2 inhibitors and our HH compounds. b Two dimensional (2D) overlay
between the thiazolidinone derivative (red) and our newly synthesized HH-3 compound (blue)
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Center, Hamburg University, Hamburg, Germany. HeLa
and F180 cells were cultured in DMEM while MCF-7
and MDA-MB-231 cells were cultured in RPMI medium
along with 10% FBS and 5% CO, in a humidified incu-
bator at 37° C. The cells were grown on polystyrene T75
(75cm?) culture flasks and all the experiments were per-
formed at ~70% cell confluency.

Molecular docking

The In-silico molecular docking study was performed
employing the program Autodock Vina [15]. The X-ray crys-
tal structures of SHP2 enzyme bound to catalytic inhibitor
(PDB ID: 4RDD, 1.6 A), and to allosteric inhibitor (PDB
ID: SEHR, 1.7 A) were obtained from the RSCB protein data
bank (http://www.rcsb.org). The complexed inhibitors (coded
as 3LU and 50D) were extracted from the initial X-ray struc-
tures followed by removal of water molecules. Polar hydro-
gens and Gastieger charges were added and the corresponding
charge files were generated using the MGL Tools. The com-
pounds under study were drawn using the software
ChemDraw Ultra 8.0 (Cambridge Soft Corporation, USA)
and were optimised for energy and geometry using
MMFF94 force field. All the compounds were treated
employing the same preparation procedure mentioned earlier.
Later, a grid box of the size (20 A3) was established to cover
the SHP-2 catalytic site and was centered toward the coordi-
nates of (27.47, 7.11, -0.39). For the SHP-2 allosteric site, a
grid box sized (28 A®) was established and centered toward
the coordinates of (22.41, 41.18, 4.70). In both cases the spac-
ing between grid points was set to 1.0 A. The exhaustiveness
and the number of poses were set to 12 and 10 respectively.
The 3D-best docked poses were visualized using PyMOL
molecular viewer (Schrédinger Inc., New York, NY, USA).

Sulforhodamine-B (SRB) assay

SRB assay was performed on HeLLa, MCF-7 and MDA-MB-
231 cells in order to find out the sub-lethal concentration of
HH compounds with minor modifications from an already
established protocol [16]. Briefly, 1X10* cells were seeded
in 96-well plate for overnight and were treated with different
concentrations of HH3 or HH13 and incubated further for 48
hrs. Control cells were treated with DMSO. At the end of the
incubation period, cells were fixed with 50% trichloroacetic
acid (TCA) at 4°C for 1 hr. Plates were washed, dried and
stained with SRB dye for 30 min at room temperature. After
washing the excess dye, two hundred micro liter of 10 mM
Tris base solution was used to solubilize the dye. The OD was
read at 492 nm by using a Multiskan™ GO (Thermo
Scientific, USA) microplate Spectrophotometer.
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Cell migration assay

Inhibition of cell migration by HH compounds was analyzed
using the wound healing assay [17]. 8X10° cells were seeded
in 6-well plate for 24 hrs. In vitro ‘scratch’ was created by scrap-
ping the cells off from the monolayer by using a micro tip end
and washed with PBS to remove dislodged cells. The wells were
then treated with different concentrations of HH compounds and
incubated for 72 hrs. The area of migrated cells were then mon-
itored at different time points (0, 6, 24, 48 and 72 hrs).

Cell-free Enzymatic SHP-2 inhibition assay

The assay was performed to evaluate the potential inhibi-
tory effect of HH compounds on SHP2 activity as described
previously with minor modifications [12]. A 96-well, black
polystyrene flat bottom, non-binding surface plate was
used to perform the assay with final volume of HEPES
buffer (60 mM HEPES, 75 mM NacCl, 75 mM KCI, 1 mM
EDTA, 0.05% T-20, 5 mM DTT, pH 7.2) not exceeding 25
pl/well. 0.5 nM of SHP2 protein was co-incubated at 25°C
with 0.5 uM of bisphosphorylated IRSI peptide (H2N-
LN(pY)IDLDLV(dPEGS8)LST(pY)ASINFQK-amide)
along with different concentrations of HH compounds for 1
hr. The plate was further incubated with 0.2 mM of
DiFMUP for 30 min at 25°C. Five micro liter of 160 uM
bpV was then added to each well to quench the reaction and
the fluorescence signal was measured at 450 nm using a
Multiskan™ GO (Thermo Scientific, USA) microplate
Spectrophotometer.

Western blot

HeLa, MCF-7 and MDA-MB-231 cell lysates were prepared
after 24 hrs treatment with HH compounds by using 1X
laemmli buffer. Total protein concentration was estimated for
each sample and 15-40 pg of protein lysate were loaded on 10-
12% SDS-PAGE gel in order to detect various proteins expres-
sion levels as previously described [18]. In short, the membrane
was incubated with SHP2, RAS, p-MAPK, STAT3, p-STAT3,
p-JNK, Akt or p-AKT primary antibodies (1:1000) for over-
night after blocking with 5% non-fat milk solution for 1 hr. The
membrane was then re-probed with respective secondary
mouse/rabbit antibodies (1:2000) for 1 hr, and developed by
enhanced chemiluminescence (ECL) method by using a
Chemidoc MP (BioRad, Germany). The expression levels of
various proteins were then quantified with respect to their in-
ternal actin level and compared with untreated control cells.

Statistical analysis

All experiments were carried out in triplicates and for three
independent times and were analysed by two-tailed Student’s
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t-test and ANOVA by using Graph-Pad Prism software
(GraphPad Software Inc., San Diego, CA, USA). The data
for SRB and SHP2 enzymatic assay are presented as mean +
standard deviation (SD) and p values < 0.05 were considered
as significant between control and treated groups.

Results
Docking analysis

A number of molecular docking experiments were carried-out
in order to forecast the affinity of our compounds in targeting
the SHP2 sites (catalytic and allosteric), and to determine the
most probable binding site. For this purpose two X-ray crystal
structures were adapted to serve as templates for the study; the
first structure representing an inhibitor (3LU) bound to the
catalytic site of SHP2, while the second one representing an
inhibitor (50D) bound allosterically to SHP2 enzyme. In the
first set of experiments, our HH compounds plus the
thiazolidinone catalytic inhibitor (Fig. 1) were docked into
the catalytic site. Later, the HH compounds and the
SHP099 allosteric inhibitor were docked into the alloste-
ric site. Benchmarking of the docking experiments was
achieved by utilizing known inhibitors to serve as basis
for comparison. The binding affinity scores in kcal/mol
are presented in Table 1. Based on the docking results,
our compounds achieved higher scores compared to the
thiazolidinone catalytic inhibitor, while achieved inferior
scores compared to the SHP099 allosteric inhibitor, which
suggests the preferential affinity of our compounds in
targeting the catalytic site over the allosteric.

The detailed binding modes of the HH compounds within the
SHP?2 catalytic site are illustrated in Fig. 2. In case of HH3-SHP2
complex (Fig. 2a), the compound was able to form a number of
important H-bond interactions within the catalytic site. The first
set of interactions was observed between the thiazolinone ring
carbonyl with the backbone amides of Ile-463 and with the res-
idue Gly-464 of the corresponding P-loop. The 5-
aminosalicylate moiety was engaged in another set of

Table 1 Binding affinity scores (kcal/mol) for the HH-compounds
against the corresponding SHP2 enzyme catalytic and allosteric sites
compared to other SHP2 inhibitors

Compound Docking Score Kcal/mol
Catalytic site Allosteric site
Thiazolidinone Der. -6.6 -—-
SHP-099 - -10.8
HH-3 =17 -9.4
HH-13 -14 9.3

interactions with the Trp-423 residue and with the Gly-427 am-
ide backbone of the corresponding WPD-loop. Additionally, it
was able to form H-bond with the GIn-510 residue of the Q-loop.

On the other hand, the HH13-SHP2 complex showed sim-
ilar network of interactions within the catalytic site (Fig. 2b),
where the thiazolinone ring carbonyl was able to form H-bond
interaction with the corresponding backbone amides of Gln-
361. The 5-aminosalicylate moiety was able to establish a
number of H-bond interactions with Arg-465 of the P-loop,
Trp-423 of the WPD-loop and with the GIn-510 of the Q-loop.

Inhibition of SHP2 enzyme activity by HH compounds
(cell-free assay)

To validate the docking results, an enzymatic assay was per-
formed to investigate the inhibitory potentials of HH com-
pounds on SHP2 activity and the results are shown in Fig.
3a. A high affinity for bistyrosylphorphorylated peptides
(SHP2 substrate) to Src Homology 2 (SHP2) domains were
observed in control wells as later activation showed maximum
SHP2 activity. However, the addition of HH compounds re-
duced SHP2 activity toward its substrate as they might mask
the active site of SHP2 for substrate recognition. Both HH3
and HH13 inhibits SHP2 activity significantly (p<0.05) with
respect to control samples. An equal or more potent inhibitory
activity for HH compounds was observed when compared to
NSC 87877 (positive control) at lower concentrations.
However, we did not observe any concentration-dependent
SHP2 inhibitory effect either for HH3 or HH13 compounds.

HH3 and HH13 inhibits SHP2 phosphatase in HelLa
cells

The effect of HH compounds on cellular SHP2 was analyzed.
The baseline level of SHP2 was analyzed in one normal fibro-
blast strain (F180) and three cancer cell lines (HeLLa, MCF-7
and MDA-MB-231). As depicted in Fig. 3b, the three cancer
cell lines express significantly higher baseline level of SHP2
than the normal fibroblasts indicating that cancer cells might
be more sensitive to SHP2 inhibitors than normal cells.
Treatment of cancer cells with HH3 or HH13 reduced SHP2
expression in HeLa cells where the level of reduction was com-
parable to that induced by the positive control NSC87877. On
the other hand, neither of the two compounds reduced the ex-
pression of SHP2 in MCF-7 or in MDA-MB-231 cells (Fig. 3c).

HH compounds inhibit cell proliferation
and migration

The proliferation inhibitory effects of HH compounds on three
cancer cell lines along with doxorubicin as internal standard
were analyzed by SRB assay and the results are depicted in
Table 2. The compound HH3 showed an IC50 values of 0.30
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Fig. 2 Preferential affinity of HH compounds towards the catalytic
site of SHP2 enzyme. Best docked pose of compound HH-3 (a), and
compound HH-13 (b) within the catalytic site of SHP2 enzyme.

+0.099, 0.31+0.056 and >10 uM in HeLa, MCF-7 and MDA -
MB-231 cells respectively. HH13 exhibited IC50 values of
0.48+0.02, 0.30+0.045 and 2.5+ 0.24 uM in HeLa, MCF-7
and MDA-MB-231 cells respectively. Based on these, we
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Fig. 3 SHP2 phosphatase inhibiting potential of HH compounds. a
cell-free enzymatic assay showing inhibition of SHP2 activity for HH
compounds by masking the active site of SHP2 for substrate
recognition. b Baseline level of SHP2 in F180 normal fibroblasts in
comparison with its level in three cancer cell lines (HeLa, MCF-7 and
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rendering; while hydrogen bond interactions are shown as red dashed
lines

have selected two concentrations of HH compounds (0.5
and 1 uM) for our further molecular studies. We then analyzed
the effect of the two compounds on migration of cancer cells.
Results of this assay revealed significant reduction in cell
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MDA-MB-231 cells) analyzed by western blot. ¢ HH compounds and the
positive control (NSC87877) SHP2 inhibitor significantly (p<0.05)
reduce SHP2 expression in HeLa but not in MCF7 nor MDA-MB-231
cells
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Table2  IC50 values of HH compounds for HeLa, MCF-7 and MDA-
MB-231 cells compared with doxorubicin as internal reference

Compounds HeLa MCEF-7 MDA-MB-
IC50 (uM) IC50 (uM) 231
IC50 (uM)
HH3 0.30 = 0.009 0.31£0.065 >10
HH13 0.48 +£0.02 0.30 £ 0.045 25+£0.24
DOX 0.21+ 0.009 0.07+ 0.006 0.15+0.03

Data are shown as mean + SD

migration after treating HeLa or MCF-7 cells with HH com-
pounds up to 72 hrs compared with untreated cells. No inhi-
bition of cell migration was observed upon treatment of
MDA-MB-231 cells with either of the two compounds (Fig.
4a). Many cancer cells phosphorylate their JNK protein to

overcome stressful conditions, therefore increased level of p-
INK is a marker of cellular stress. Analysis of p-JNK in the
three cell lines after treatment with HH compounds revealed
an enhanced level of p-JNK in HeLa and MCF-7 more than
MDA-MB-231 cells (Fig. 4b).

RAS/MAPK regulatory effects of HH compounds

To further investigate the effect of HH compounds on SHP2
down-stream targets, we analyzed the activity of members of
the RAS/MAPK and PI3K-AKT pathways in HeLa, MCF-7
and MDA-MB-231 cells after treatment with HH compounds
and NSC 87877 (Fig. 5). Both HH compounds down-
regulated the expression of RAS and p-MAPK in HeLa cells
significantly. In contrast, the two compounds did not show
any effect on the expression of these proteins in MCF-7 cells,
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Fig.4 HH compounds inhibits cell proliferation and migration. a Significant (p<0.05) inhibition of cell migration was observed in HeLa and MCF-7
cells after treatment with HH compounds at different time intervals. b HH compounds treatment enhances p-JNK expression in HeLa and MCF-7 cells
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Fig. 5 Effect of HH compounds on RAS/MAPK and PI3K/AKT
pathways. a Treatment with HH compounds significantly (p<0.05)
reduced RAS/MAPK and activate AKT signaling pathways in HeLa
cells. STAT3 phosphorylation was also reduced upon treatment of HeLa
cells with HH compounds. b HH compounds did not affect the RAS/

while MDA-MB-231 cells exhibited an increased expression
of RAS in response to HH compounds treatment. An in-
creased p-Akt level was observed in HeLa and MCF-7 cells
treated with HH compounds. Treatment with HH compounds
also reduced the level of phosphorylated STAT3 in HeLa cells.
An increased level of p-Stat3 was evident in MCF-7 and
MDA-MB-231 cells after treatment with HH compounds
compared with untreated cells. These results collectively sug-
gest that HH compounds regulate the expression of RAS/
MAPK along with Akt and STAT3 in HeLa cells.

Discussion

Targeting SHP2, which is ubiquitously expressed in tumor
cells is gaining increased attention not only to develop potent
inhibitors but to establish new biomarkers for tumor diagnosis
as well [19]. We report here about two new SHP2 inhibitors.
Initial molecular docking study suggested clear affinity of the
new compounds to SHP2 catalytic site. This is evident be-
cause, 1) they achieved superior affinity scores over the refer-
ence catalytic inhibitor; 2) they share considerable structural
and electronic similarity with other SHP2 catalytic inhibitors
such as the thiazolidinone derivatives (Fig. 1b). The incorpo-
ration of 5-aminosalicylate moiety within our structures
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in MDA-MB-231 cells

proved to be vital for their catalytic affinity. The salicylate (-
COOH and —OH) groups were able to initiate a network of
important hydrogen bond interactions with residues of the
catalytic site. Furthermore, the carboxylic acid could be
viewed as an isosteric replacement for sulfonic acid found in
many earlier reported inhibitors such as the NSC 87877.
In-vitro cell free enzymatic inhibition assay confirmed the
docking results whereby very low concentrations (0.01 and
0.05 uM) of both compounds reduced the SHP2 activity down
to 50% of its initial value. The reduction in SHP2 activity by
both compounds at 0.01 uM was even higher than the reduction
induced by the positive control NSC87877. The SHP2 inhibito-
ry activity of HH3 and HH13 encouraged us to evaluate their
anti-SHP2 activity inside the cells. We utilized three different
cancer cell lines with different sensitivity to the two compounds
(HeLa ~ MCF-7>>MDA-MB-231). Previous reports have
shown that receptor tyrosine kinase driven cancer cells depend
on SHP2 for their survival and inhibition of SHP2 results in
death or at least stop proliferation of these cells [20]. RAS/
ERK signaling pathway is a known downstream target of
SHP2 and an intact RAS/ERK pathway is a prerequisite for cell
growth inhibition induced by SHP2 inhibitors [21]. The insen-
sitivity of MDA-MB-231 cells to SHP2 inhibition by our two
compounds (IC50>10 for HH3 and 2.5 uM for HH13) is mainly
due to the mutant KRAS status of these cells [22]. This is
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consistent with previous results showing that KRAS or BRAF
mutant cells are generally resistant to SHP2 inhibition. On the
other hand, treatment of HeLa cells, which have an intact RAS/
ERK pathway [23] with the new compounds resulted in down-
regulation of SHP2 and its downstream targets KRAS and ERK
proteins, which explains cell death and migration inhibition in
these cells by HH3 and HH13.
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Fig. 6 Schematic representation of the differential effects of HH
compounds on SHP2-mediated RAS/MAPK, PI3K-AKT and
STAT3 signaling pathways in HeLa, MCF7 and MDA-MB-231
cells. a Proliferation of HeLa cells is driven by membrane receptor
tyrosine kinase. Treatment with HH compounds inhibits SHP2 and its
downstream KRAS/BRAF/MAPK pathway and thereby inhibits tumor
cell survival/proliferation. Reduction of KRAS/BRAF signaling inhibits
the negative crosstalk with PI3K-AKT pathway leading to activation of
AKT (by phosphorylation). HH compounds also reduced the STAT3
phosphorylation. b MCF7 are estrogen receptor (ER) positive breast
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Another pathway that orchestrate with RAS-ERK to sup-
port cell survival is PI3K-AKT. Treatment with HH com-
pounds induced differential effects on AKT phosphorylation
in the three cell lines whereby enhanced AKT phosphoryla-
tion was observed in HeLa and MCF-7 cells while reduced
AKT phosphorylation was seen in MDA-MB-231 cells. For
HeLa cells, increased phosphorylation of AKT is consistent
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cancer cells and their proliferation is mainly estrogen-dependent.
Treatment with HH compounds did not affect the KRAS/BRAF/MAPK
pathway. Activation of AKT was observed which might be to overcome
the stress induced by treatment with HH compounds. ¢ MDA-MB-231
cells have BRAF mutation (observe the over-phosphorylation of BRAF
compared to the other two cell lines), therefore their growth is not driven
by membrane receptor tyrosine kinases and treatment with HH
compounds did not affect the KRAS/BRAF/MAPK pathway while
reduced AKT activity and enhanced STAT3 activity were observed
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with earlier reports that RAS-ERK and PI3K-AKT path-
ways negatively regulate each other’s activity [24].
Chemical blocking of RAS-ERK pathway by HH com-
pounds in HelLa cells released the cross-inhibition and
activates the PI3K-AKT pathway.

Increased phosphorylation of AKT in MCF-7 cells upon
treatment with the two compounds despite the lack of effect
on SHP2 expression and RAS/ERK pathway is in line with
many previous results showing direct increased phosphoryla-
tion of AKT in some cells upon exposure to some stressful
conditions such as treatment with anti-cancer drugs (Taxol, 5-
FU and doxorubicin) and ionizing radiation independent on
SHP2-RAS-ERK pathway [25]. This enhanced AKT phos-
phorylation may help the cells to overcome death signals in-
duced by such agents. The reduced phosphorylation of AKT
in MDA-MB-231 cells after treatment with HH compounds is
also consistent with earlier results [25] and it could be con-
cluded that activation/inhibition of AKT under stressful con-
ditions may be a direct effect or a result of cross-talk between
RAS-ERK and PI3K-AKT pathways depending on the genet-
ic background of the affected cells (Fig. 6).

STAT3 protein is a transcriptional regulator of cell growth
and its activation by phosphorylation leads to dimerization
and translocation to the nucleus where it binds to DNA and
induces transcription of survival proteins such as survivin,
cyclin D1 and Bcl-xI [26]. The reduced level of p-STAT3 in
HeLa cells after treatment with HH compounds is consistent
with the reduced survival of those cells upon treatment with
the two compounds, whereas the minor increase in the level of
p-STAT3 in MCF-7 or the great increase in MDA-MB-231
cells is another indicator that the response of these two cell
lines to treatment with HH compounds and/or SHP2 inhibi-
tion is different from the HeLa cells.

For MCF-7 cells, treatment with HH compounds re-
duced cell migration and cell survival. However, neither
SHP2 expression nor activation of RAS-ERK pathway
were affected by the two compounds, only the level of p-
AKT and p-JNK were increased. The most probable expla-
nation for these effects is that survival of MCF-7 cells
which are estrogen receptor (ER) positive is dependent
mainly on activation of ER rather than receptor tyrosine
kinase pathway in which SHP2 is involved. It seems that
HH compounds exert effects on MCF-7 cells other than
inhibition of SHP2. These other effects involve activation
of AKT and JNK which have been reported previously to
be activated in cells undergoing stressful conditions to en-
able them to survive these conditions [25, 27] .

Conclusion

In conclusion, we report here two salicylate - thiazolinone
derivatives that inhibit the activity of SHP2 enzyme in-vitro.

@ Springer

On the cellular level, the two compounds induce differential
effects and stimulate different pathways in three different cell
lines. The present results indicate that the two compounds
reported here reduce survival of protein tyrosine kinase (TK)
driven malignancies through inhibition of SHP2 and down-
regulation of RAS/ERK pathway and reduce the survival of
non-TK driven cancers by other mechanisms with little or no
effect on malignancies harboring KRAS-BRAF mutations.
Clinically, selected tumours with intact KRAS/ERK pathway
may benefit from SHP2 inhibition therapy.
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