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Abstract

Neurotensin (NTS) receptor 1 regulates the growth non-small cell lung cancer (NSCLC) cells.
NTS binds with high affinity to NTSRZ, leading to increased tyrosine phosphorylation of the
EGFR and HER2. Using Calu3, NCI-H358, or NCI-H441 cells, the effects of NTS on HER3
transactivation were investigated. HER3 tyrosine phosphorylation was increased by NTS or
neuregulin (NRG1) addition to NSCLC cells. NCI-H358, NCI-H441, and Calu-3 cells have
HER3, NTSR1 and neuregulin (NRG)1 protein. NTSR1 regulation of HER3 transactivation was
impaired by SR48692 (NTSR1 antagonist) or monoclonal antibody (mAb)3481 (HER3 blocker).
Immunoprecipitation experiments indicated that NTS addition to NCI-H441cells resulted in the
formation of EGFR/HER3 and HER2/HER3 heterodimers. The ability of NTS to increase HER3
tyrosine phosphorylation was impaired by GM6001 (MMP inhibitor), PP2 (Src inhibitor), Tiron
(superoxide scavenger), or N-acetylcysteine (antioxidant). Adding NTS to NSCLC cells increased
phosphorylation of ERK, HER3, and AKT. NTS or NRGL1 increased colony formation of NSCLC
cells which was strongly inhibited by SR48692 and mAb3481. The results indicate that NTSR1
regulates HER3 transactivation in NSCLC cells leading to increased proliferation.
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1. Introduction

Neurotensin (NTS) is a 13 amino acid peptide that functions in a paracrine manner to alter
neural activity [Carraway and Leeman 1973; Kitabgi, 2006]. High concentrations of NTS
are present in and secreted from lung cancer cells [Wood et al. 1981, Moody et al. 1985).
NTS immunoreactivity is present in 60% of lung adenocarcinomas (Alifano et al., 2010).
Upon secretion, NTS binds with high affinity to lung cancer cells (Allen et al. 1988). After
binding to NTSR1, NTS causes phosphatidylinositol (PI) turnover resulting in elevation

of cytosolic Ca2* (Staley et al., 1989) and activation of protein kinase C (Guha et al.,

2002). NTS stimulates, whereas SR48692, which is a highly specific antagonist for NTSR1,
inhibits the growth of lung cancer cells (Moody et al., 2001). The results indicate that NTS
is an autocrine growth factor for lung cancer cells.

NTSRL1 regulates the transactivation of receptor tyrosine kinases (RTKSs) in lung cancer cells
(Moody et al., 2021). RTKs for epidermal growth factor (EGFR), HER2, and HER3 are
present in lung cancer cells (Kaufman et al., 2011). The EGFR has an extracellular ligand
binding domain for EGF, heparin binding EGF, or transforming growth factor (TGF)a and
an intracellular tyrosine kinase domain (Lemon et al., 2014). The EGFR is inhibited by
small molecule tyrosine kinase inhibitors (TKI) such as gefitinib or erlotinib which impair
the ability of the TK to bind ATP and phosphorylate protein substrates (Roskowski, 2014).
In contrast, HER2 has no known ligand binding domain but does have a TK domain. HER2
is phosphorylated when it forms heterodimers with the EGFR or HER3 (YYarden and Pines,
2012). HER?2 is blocked by monoclonal antibodies (mAb) such as trastuzumab or TKIs such
as lapatinib (Wang 2017). HERS3 has an extracellular binding site for neuregulin (NRG1) but
has weak tyrosine kinase activity. HER3 is biologically active primarily due to the formation
of HER2/HERS3 heterodimers (Karachallou, 2017). HER3 activity is inhibited by mAb3481
(Lee et al., 2020). The growth of cancer is inhibited by TKIs and mAbs (Thai et al., 2021)
but stimulated by NTS (Evers et al., 2006).

RTK can be transactivated by G protein-coupled receptors (GPCR) such as neurotensin
receptor 1 (NTSR1) (Moody et al., 2018). Adding NTS to colon, foregut neuroendocring,
gastric, liver, or prostate cancer cells increases tyrosine phosphorylation of the EGFR
(Hassan et al., 2004; Muller et al., 2011; DiFlorio et al., 2013; Wu et al., 2017; Zhou et

al., 2015). Adding NTS to lung cancer cells causes PI turnover as well as activation of Src
and matrix metalloprotease (MMP) causing the release of TGFa which activates the EGFR
(Moody et al., 2014). The phosphorylated EGFR stimulates the MEK/ERK and PI3K/AKT
pathways leading to increased cancer proliferation and survival (Evers, 2006). The growth of
NSCLC is stimulated by NTS or TGFa. but inhibited by SR48692 or gefitinib (Moody et al.,
2014). Lung cancer patients with high NTSR1 levels have lower relapse-free survival than
patients with low NTSR1 levels (Alifano et al., 2010). Elevated NTS and NTSRL1 are present
in most of the NSCLC cells lines examined (Ocejo-Garci et al., 2001).

The NTSR1 regulates the formation of EGFR homodimers or EGFR-HER?2 heterodimers
(Moody et al., 2019). The NTSR1 transactivation of HER2 is inhibited by SR48692 or
lapatinib. HER2 is amplified in many NSCLC patients. When JMV449, a potent NTSR1
agonist, is added to NSCLC cells for 72 hours, EGFR, HER2, and HER3 expression
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increases (Younes et al., 2014). In contrast, NTS addition to NSCLC cells for 5 minutes,
increases tyrosine phosphorylation of the EGFR and HER?2 with little effect on total EGFR
or HER2 (Moody et al., 2019). The increase in EGFR tyrosine phosphorylation after adding
NTS to NSCLC cells is inhibited if the cells are treated with sSiRNA to NTSR1, indicating
NTSRL1 is involved (Moody et al., 2014). SR48692 is synergistic with gefitinib or lapatinib
at inhibiting the growth of NSCLC cells.

While high levels of EGFR and HER? are present in most NSCLC cells, HER3 mRNA

is less abundant but high levels are present in Calu-3, NCI-H358, and NCI-H441 cells

(Lee et al., 2020). Adding of bombesin or NRG1 to NSCLC cells increases tyrosine
phosphorylation of HER3 (Lee et al., 2020). In this communication, the effects of NTS

on HER3 were investigated. NTS or NRGL1 increased tyrosine phosphorylation of HERS.
The NTSR1 regulation of HER transactivation was impaired by SR48692, mAb3481, PP2
(Src inhibitor), GM6001 (MMP inhibitor), or N-acetylcysteine (antioxidant). When NTS is
added to NSCLC cells, HER2/HER3 and EGFR/HER3 heterodimers form. When NTS was
added to NSCLC cells, ERK and AKT phosphorylation increased leading to the proliferation
and survival of NSCLC cells. The growth of NSCLC cells was significantly stimulated by
NTS or NRG1 but inhibited by SR48692 or mAb3481. The results indicate that HER3
transactivation is important for NSCLC growth.

2. Materials and Methods

2A. Cell culture

NSCLC cell lines Calu-3 (adenocarcinoma), NCI-H358 (bronchoalveolar carcinoma), and
NCI-H441 (adenocarcinoma; American type tissue collection; Rockville, MD) were cultured
in Roswell Park Memorial Institute (RPMI)-1640 containing 10% fetal bovine serum (FBS;
Invitrogen, Grand Island, NY) with Pen/Strep and Glutamine. These cell lines were chosen
because they had high levels of HER3 and NTSR1. Each week the cells were split with
Trypsin/EDTA and seeded 1/10 into a new T175 flask. The cells were used when they were
in exponential growth phase after incubation at 37°C in 5%C05,/95% air.

2B. Western blot and immunoprecipitation.

Calu-3, NCI-H358 or NCI-H441 cells were placed in 6 well plates or 10 cm dishes. When
the cells were confluent, they were washed with SIT medium (RPMI-1640 containing 3

x 1078 M sodium selenite, 5 pg/ml bovine insulin and 10 pg/ml apo-transferrin (Sigma-
Aldrich, St. Louis, MO)) for 2 hours. The cells were treated with inhibitors such as SR48692
(Tocris Bioscience), mAb3481 (R & D Systems, Minneapolis, MN), PP2, GM6001,
PD98059, LY?294002, N-acetylcysteine or Tiron (Sigma-Aldrich, St. Louis, MO) for 30 min.
Then NTS (Tocris Bioscience) or NRG1 (R & D Systems, Minneapolis, MN) was added

for 5 min at 37°C and the plates were rinsed in PBS and treated with 0.5 ml lysis buffer
(TBS containing 1% deoxycholate, 1% Triton, 1 mM EDTA, 0.4 mM EGTA, and 0.1%
sodium azide; Sigma-Aldrich, St. Louis, MO). The lysate was sonicated, centrifuged and the
supernatant assayed for protein using the BCA reagent (Thermo Scientific, Rockford, IL).
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For immunoprecipitation, 600 ug of protein was immunoprecipitated with anti-PY (BD
Biosciences) and 20 ul of protein A/G Plus agarose (Santa Cruz Biotech, Santa Cruz, CA)
for 16 hr at 4°C. The beads were washed in TBS 3 times and treated with loading buffer at
90°C. After centrifugation, the supernatant was loaded onto 15 well 4-20% polyacrylamide
gels (In Vitrogen, Frederick, MD). After transfer to nitrocellulose (Biorad, Hercules,

CA), the blot was probed with anti-HER3 (CS12708), anti-PY1289-HER3 (CS4791), or
anti-PT202pY204_ERK (CS9101; Cell Signaling Technologies, Danvers, MA) at a 1:2000
dilution. For the dimerization experiments, 600 ug of protein was incubated with anti-
EGFR (CS2232) or anti-HER2 (CS2242) at a 1:200 dilution and the immunoprecipitation
performed. After the Western blot and transfer, the blots were probed with anti-PY1289-
HERS3. For the 6-well plates, 40 ug of protein was loaded onto the gel and the blots probed
with anti-PY1289.HER3 (CS4791), anti-HER3 (CS12708), anti-NTSR1 (SC15311), anti-
NRG1 (ABT179), anti-PT292pY204.ERK (CS9101), anti-ERK (CS9102), anti-PT308AKT
(CS9275), anti-AKT (CS9272), or anti-tubulin (CS2148). The blots were washed 2 times
with 5% nonfat milk in TBS and 3 times in TBS. The blots were dried and incubated for

4 min in Super Signal West Femto enhanced chemiluminescent detection reagent (Thermo-
Fisher Scientific, Rockford, IL). The protein bands were analyzed on a densitometer.

2C. Proliferation

Growth studies were conducted using the clonogenic assay. In the clonogenic assay, the
effects of NTS, NRG1, SR48692, and mAb3481 were determined using NCI-H441 cells.
The bottom layer contained 3 ml of 0.5% agarose in SIT medium with 5% FBS in 6

well plates. The top layer contained 3 ml of SIT medium in 0.3% agarose, NTS, NRG1,
mADb3481, and/or SR48692 with 5 x 10* NCI-H441 cells. After 2 weeks colonies, larger
than 50 um were counted in each well.

2D. Statistics

The statistical analysis was performed using Excel and the mean value + S.D. is indicated.
The significance was analyzed by the student’s t-test or one-way ANOVA with Bunnett’s
multiple tests as a posttest. The statistical significance p < 0.05, * or p < 0.01, ** is
indicated.

3. Results

3A. NTS and HERS3 tyrosine phosphorylation

The ability of NTS to increase HER3 tyrosine phosphorylation was investigated using
NSCLC cells. Adding 0.1 uM NTS to Calu-3, NCI-H358, or NCI-H441 cells increased the
tyrosine phosphorylation of HER3 by 163, 195, and 231%, respectively (Fig 1A) but had
little effect on total HER3 or tubulin. Figure 1B shows that Calu-3, NCI-H358, and NCI-
H441 cells had NTSR1, NRG1, HER3, and tubulin protein. Fig. 1C shows that SR48692 in a
concentration-dependent manner inhibited the phosphorylation of HER3 and ERK caused by
adding NTS to NCI-H441 cells. The phosphorylation of HER3 and ERK was significantly
increased by NTS addition to 292 and 259%, but it was significantly inhibited by 1 uM
SR48692 but inhibited totally by 10 pM SR48692 (Fig. 1D). As a control, NTS or SR48692
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had little effect on tubulin. The results indicate that NTSR1 regulates HER3 transactivation
in NSCLC cells.

3B. NRG1 and HERS3 tyrosine phosphorylation

The effects of NRG1 were investigated on NSCLC cells. Fig. 2A shows that adding

NRG1 to NCI-H441 cells increases P-HER3 in a dose-dependent manner. There was little
stimulation using 0.0001 or 0.001 pg/ml of NRG1, however, there was a large increase in
P-HER3 at 0.01 and 0.1 pug/ml NRGL1. Fig. 2B shows that 0.01 or 0.1 pg/ml NRG1 increased
significantly P-HER3 to 175 and 290% respectively but had little effect on total HER3.

Fig 2C shows that mAb3481 blocked the increase in P-HER3 caused by NTS addition.

Fig. 2D shows that NTS increased P-HER3 by 274% and 0.1 pg/ml of mAb3481 inhibited
significantly P-HERS3. Previously, mAb3481 inhibited the increase in P-HER3 caused by
adding bombesin or NRG1 to NSCLC cells (Lee et al., 2020). The results indicate that
NRG1 or NTS increase phosphorylation of HER3 which is impaired by mAb3481.

3C. ErbB heterodimers

To become biologically active, members of the ErbB family dimerize. Due to weak tyrosine
kinase activity, HER3 must form heterodimers and not homodimers to become biologically
active (Wang et al, 2017). Fig. 3A shows that when NCI-H441 cells are treated with NTS

in a dose-dependent manner and then immunoprecipitated with anti-HER2, PY1289-HER3
increased. There was little increase in P-HER3 using 0.010 uM NTS but a significant
increase at 0.1 or 1 UM NTS to 256 and 268%, respectively (Fig 3B). Similarly, when
NCI-H441 cells are immunoprecipitated with EGFR, NTS increases PY1289-HER3 using 0.1
or 1 uM NTS (Fig.3A). Fig 3B shows that 0.1 or 1 pM NTS increased PY1289-HER3-EGFR
heterodimers to 186 and 210%, respectively. The results indicate that NTS addition to
NSCLC cells results in the formation of more HER3-HER2 heterodimers than HER3-EGFR
heterodimers.

3D. Inhibitors of transactivation

Inhibitors of HER3 transactivation were investigated. Fig. 4A shows that PP2 (Src inhibitor)
and GM6001 (MMP inhibitor) reduce the ability of NTS to increase HER3 and ERK
phosphorylation. When NTS is added to NCI-H441 cells P-HERS increased to 264%, and
the increase was inhibited significantly by PP2 or GM6001 (Fig. 4B). N-acetylcysteine

or Tiron inhibit the ability of NTS to increase HER3 tyrosine phosphorylation (Fig. 4C).
When NTS is added to NCI-H441 cells P-HERS3 increased significantly to 293% which was
impaired by N-acetyl cysteine (NAC) or Tiron (Tir). The results indicate that generation

of reactive oxygen species (ROS) are essential for NTSR1 to regulate HER3 tyrosine
phosphorylation. Previously, NAc, Tiron, PP2, or GM6001 impaired the ability of NTS to
increase tyrosine phosphorylation of the EGFR and HER2 in NSCLC cells (Moody et al.,
2021).

3E. Signal Transduction and Proliferation

HERS3 can phosphorylate protein substrates such as PI3K and Grb2, leading to activation of
AKT and ERK, respectively (Wang et al., 2017). Figure 5A shows that the MEK inhibitor
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PD98059 inhibited the ability of NTS to increase ERK phosphorylation, but not HER3 or
AKT phosphorylation. Also, the PI3K inhibitor LY294002 inhibited the ability of NTS to
increase AKT phosphorylation but had little effect on HER3 or ERK phosphorylation. Fig.
5B shows that adding NTS to NCI-H441 cells increased P-HER3, P-ERK, and P-AKT to
232%, 260%, and 301%, respectively. LY 294002 inhibited significantly P-AKT but had little
effect on P-HER3 or P-ERK. PD98059 inhibited P-ERK significantly but not P-HER3 or
P-AKT. These results indicate that ERK and AKT are downstream from HERS3.

The effects of SR48692, mAb3481, NRG1 and NTS were investigated on NSCLC
proliferation. In the clonogenic assay, 1 uM SR48692 or 0.1 pg/ml mAb3481 significantly
reduced colony number by 45% and 26%, respectively. There were fewer NCI-H441
colonies when SR48692 and mADb3481 were added together relative to either agent alone. In
contrast, 0.01 pg/mlI NRG1 or 0.1 uM NTS significantly increased colony number by 49%
and 55%, respectively. mAb3481 inhibited the ability of NRG1 or NTS to increase colony
number. SR48692 inhibited the ability of NTS to increase colony number. In summary,

NTS and NRGL1 increased NSCLC proliferation whereas mAb3481 and SR48692 reduced
proliferation.

4. Discussion

HER3 contains 1342 amino acids with an extracellular domain of 643 amino acids, a 21
amino acid transmembrane (TM ) domain, and an intracellular domain of 678 amino acids
containing amino acids (Sithanandam and Anderson, 2008). The extracellular domain of
HER3 binds NRG1 with high affinity, however, the intracellular domain of HER3 has

low TK activity. When HER3 is expressed in lung adenocarcinoma tumors, patients have
poor survival (Sitanandam and Anderson, 2008). HER3 gene amplifications have been
detected in tumors of lung cancer patients (Reinmuth et al., 2000 et al.). HER3 can be
tyrosine phosphorylated when it forms heterodimers with the EGFR or HER2 (Mota et al.,
2017). Fig. 3 shows that 5 min after the addition of NTS to NSCLC cells, the tyrosine
phosphorylation of HER3 is increased due to the formation of EGFR/HER3 and HER2/
HERS3 heterodimers. Previously, the expression of P-EGFR, P-HER2 and P-HER3 was
elevated significantly in certain breast cancer cells (Dupouy et al., 2014).

By Western blot, NSCLC cell lines Calu-3, NCI-H358, and NCI-H441 expressed HER3,
NTSR1, and NRGL1 (Fig. 1). Previously, NTSR1 but not NTSR2 mRNA was present in
10 NSCLC cell lines including NCI-H358 and NCI-441 (Moody et al., 2019). Figure

1 shows that adding NTS to NSCLC cells increased tyrosine phosphorylation of HER3
which was blocked by SR48692. Also, mAb3481 impaired the ability of NTS to increase
HERS3 tyrosine phosphorylation (Fig. 2). The results indicate that NTSR1 regulates the
transactivation of HER3 in NSCLC cells.

The mechanism by which NTSR1 caused HER3 transactivation was investigated. PP2 and
GM®6001 inhibited the ability of NTS to increase HER3 tyrosine phosphorylation indicating
that Src and MMP are essential (Fig. 4). When NTS was added to prostate cancer cells
tyrosine phosphorylation of Stat 5b, Src, and the EGFR increased (Amorino et al., 2007).
When NTS was added to A549 cells tyrosine phosphorylation of c-Src, p-catenin, PYK-2,
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and the EGFR increased (Moody et al., 2014). The results indicate that NTS causes the
phosphorylation of numerous proteins leading to increased proliferation of NSCLC cells.
Figure 4 shows that NAc and Tiron inhibited the ability of NTS to increase HER3 tyrosine
phosphorylation indicating that ROS are essential.

HERS3 can be phosphorylated at Y1054 Y1197 1199 1222 1260 y1262 y1276 1289
and Y1328 The phosphate can be transferred to protein substrates such as p85, Grb2, and
SHC. P85 is the regulatory subunit of PI3K which facilitates phosphorylation of AKT and
increased cellular survival. Grb2 and SHC are adaptor proteins which facilitate activation of
RAS leading to the phosphorylation of Raf, MEK, and ERK. The MEK inhibitor PD98059
inhibits the ability of NTS to increase P-ERK but not P-HER3 (Fig. 5). Phosphorylated
ERK can enter the nucleus leading to increased cellular proliferation. The PI3K inhibitor
LY294002 inhibits the phosphorylation of AKT but not HER3. PI3K may increase the
survival of NSCLC cells.

When NTS is added to pancreatic cancer cells, ERK and PKD are activated (Ehlers et al.,
2000; Guha et al., 2002; Kisfalvi et al., 2005). Adding NTS to A549 lung cancer cells
increased the phosphorylation of p-catenin leading to an increased expression of NTSR1
(Souaze et al., 2006). When NTS is added to colon cancer cells, epithelial-to-mesenchymal
transitions increased by activating the Wnt/ g-catenin pathway. When NTS is added to colon
cancer cells, NFxB and Akt are activated increasing cellular survival (Zhao et al., 2003).

NRGL1 is present in NSCLC cells (Fig. 1). NRG1 has an 1G-like domain, an EGF-like
domain, a juxtamembrane domain, a TM domain, and a cytoplasmic tail. NRG1 is a
membrane- anchored glycoprotein with an extracellular EGF component (Laskin et al.,
2020). Due to alternative processing, 6 different proteins of NRG1 have been identified as
well as 31 isoforms. Most NRG1 isoforms are membrane-anchored with an extracellular
EGF domain (Laskin et al., 2020). Proteolytic processing by ADAM-17 leads to the release
of bioactive NRG1 which can activate HER3 (Mota et al., 2017). Also, gene fusions

occur with the NRG1 gene driving NSCLC proliferation (Jung et al., 2015) by increasing
expression of HER3 (Isozadi et al., 2016).

Preliminary data indicate that addition of NTS to NCI-H441 cells increases the secretion
of NRGL1 into the cellular media (T. Moody, unpublished). Treatment of NSCLC cells with
JMV449 increased but SR48692 decreased secretion of NRG1 from the certain lung cancer
cells (Younes et al., 2014).

The 13 amino acid NTS is derived from a 170 amino acid proproNTS by cellular enzymes,
however, proNTS or long-fragment NTS (LF-NTS) is present in NSCLC specimens

(Wu et al., 2019). LF-NTS, which is biologically active and present in patient sera, is
neutralized by mAb LF-NTS. Mab LF-NTS impairs the ability of LF-NTS to activate
NTSR1. Mab LF-NTS reduces P-EGFR, P-HER2, P-HER3, P-ERK, P-AKT, P-Src, P-c-jun
in adenocarcinoma cells reducing proliferation. Traditionally, adenocarcinoma patients are
treated with chemotherapy (cisplatin plus pemedtrexed), however drug resistance develops.
mAb LF-NTS restores sensitivity of adenocarcinoma cells to cisplatin. The results indicate
that mAb LF-NTS may be therapeutic for NSCLC patients.
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Numerous mAbs have been elicited against HER3 including patritumab which inhibits
ligand binding and dimerization. A Phase | clinical trial was conducted in patients with
advanced NSCLC in combination with erlotinib (EGFR tyrosine kinase inhibitor) and
patritumab combined with erlotinib was well tolerated in Japanese patients with advanced
NSCLC (Shimizu et al., 2017). Seribantumab is another mAb that prevents NRG1 binding to
HER3 and phase Il clinical trials were conducted with erlotinib in NSCLC patients (Sequist
etal., 2019). Additional trials are being conducted with seribantumab and docetaxel in
NSCLC patients with high NRG expression (Mishra et al., 2018).

SR48692 inhibited the proliferation of NCI-H441, NCI-H358 and Calu-3 cells with ICsg
values of 3, 1.3, and 2 uM. Table I shows that NTS or NRG1 increased NCI-H441 colony
number by 55 and 49%, respectively. The increase in colony number by NRG1 was impaired
by mAb3481. SR48692 or mAb3481 reversed the increase in colony number caused by
NTS. The results suggest that NTS and NRG1 may be important growth factors in NSCLC.

5. Summary

Funding

HER3 tyrosine phosphorylation is increased significantly when NTS is added to NSCLC
cells. The increase in HER3 transactivation regulated by NTSR1 is impaired by Src
inhibitors, MMP inhibitors, and reactive oxygen species. Because NTS increases HER3
phosphorylation and NSCLC proliferation, SR48692 may be useful agent to reduce NSCLC
growth.
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Highlights

The increase in tyrosine phosphorylation of HER3 caused by NTS is blocked
by SR48692.

The NTSR1 regulation of HER3 transactivation requires Src, MMP, and ROS.

The ability of NRGL1 to increase HER3 tyrosine phosphorylation is blocked
by mAb3481.

NTS addition to lung cancer cells increases the phosphorylation of ERK and
AKT.

NTS or NRG1 increase but SR48692 or mAb3481 inhibit NSCLC growth.
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NTS and P-HERS3. (A) NTS (0.1 uM) was added to Calu-3 cells (Lane 2), NCI-H358 cells
(Lane 4) and H441 cells (Lane 6) for 5 min and the phosphorylation of HER3 determined.
(B) Western blot of NTSR1, NRG-1, HER3 and tubulin in NCI-H358, NCI-H441 and
Calu-3 cells. (C) The ability of 1 or 10 uM SR48692 to inhibit phosphorylation of HER3 or
ERK was determined after adding NTS to NCI-H441 cells. (D) The mean value + S.D. of 3
determinations to inhibit phosphorylation caused by NTS was determined; p < 0.05, *, p <
0.01, ** relative to no additions; p < 0.05, &; p < 0.01, 2 relative to NTS by ANOVA. NTS or

SR48692 had little effect on tubulin.
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Figure 2.
NRG1 and HER3 phosphorylation. (A) NCI-H441 cells are treated with 10710, 1079,

1078, 1077 g/ml NRG1 and the P-HER3 determined. (B) The mean value + S.D. of 3
determinations is indicated; p < 0.01, ** relative to no additions by ANOVA. (C) The ability
of mADb3481 (0.1 pg/ml) to inhibit the increase in phosphorylation caused by adding 0.1 uM
NTS to NCI-H441 cells was determined. (D) The mean value + S.D. of 3 determinations

is indicated; p < 0.01, ** relative to no additions; p < 0.01, @ relative to NTS. NTS or
mADb3481 has little effect on tubulin.

Peptides. Author manuscript; available in PMC 2023 October 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Moody et al.

Page 14

B HER)MERZ

Additions § £ £ #£ 200 ;
P-HER3- w » w= ®= |P-HER?
100
P-HER3- ws #= IP-EGFR
12 3 %
Lane #
2 3 4

Lane #

’ HERIEOFR

NTS. 0,01
NTS. 0.1
NTS, 1 uM

% HER3 phosphorylation

Figure 3.
HERS3 dimerization. NCI-H441 cells were treated with varying doses of NTS. The cell

extracts were immunoprecipitated with anti-HER2 or anti-EGFR (A) A Western blot

was performed and the resulting nitrocellulose was probed with anti-PY1289-HER3. (B)
Densitometry performed on the 180 KDal bands. The mean value + S.D. of 3 determinations
is indicated; p < 0.01 ** relative to control by ANOVA.
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Figure 4.

Inhibitors of transactivation. (A) The ability of 10 uM GM®6001 or PP2 to inhibit the
increase HER3 tyrosine phosphorylation caused by adding 0.1 uM NTS to NCI-H441 cells
was determined. (B) The mean value + S.D. of 3 determinations is indicated; p < 0.01
relative to control **; p < 0.01 relative to 0.1 uM NTS 2&; by ANOVA. (C) The ability of 10
mM NAC or 5 mM Tiron to inhibit the NTS increase in HER3 tyrosine phosphorylation was
investigated. (D) The mean value + S.D. of 3 determinations in indicated; p < 0.01 relative to
control, **; p < 0.01 relative to NTS, 2 by ANOVA.
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Figure 5.
Effect of PI3K and MEK inhibitors. (A). The ability of 10 uM LY294002 or PD98059 to

inhibit the increase phosphorylation of HER3, AKT and ERK caused by adding 0.1 uM
NTS to NCI-H441 cells was determined. (B) The mean value + S.D. of 3 determinations is
indicated; p < 0.05, *; p < 0.01, ** relative to control; p < 0.05, & p < 0.01, & relative to
NTS by ANOVA.
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Clonogenic assay

Table. I.

Addition Basal + NTS (0.1 uM)
None 53+6  82+9™
SR48692, 1 uM 29+5% 62+6

mMAb 34810.1ug/ml 3945* 68+9

SR + mAb 20+4%F 52+4

NRG1, 0.01 pg/ml 79+8%  nd.

NRG1 + mAb 57+6 nd.

Page 17

The mean value + S.D. of 3 determinations is indicated using NCI-H441 cells; p <0.05, *; p < 0.01, ** by ANOVA relative to no additions; n.d, not

determined.
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