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The clinicopathological and prognostic implications of tyrosine
phosphatase SHP2 and ankyrin Hook1 gene expression in non-
small cell lung cancer patients treated with gemcitabine plus
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Background: SHP2, a widely expressed phosphatase, which has been linked to the initiation, progression
and prognosis of various malignancies. We previously identified a new SHP2 anchorage protein Hookl in
the alveolar II epithelial cells, and it is suggested that Hook1 is a novel endogenous suppressor molecule
of SHP2 phosphatase activity. Nevertheless, few studies have been mentioned the clinicopathological and
prognostic relevance of SHP2 and Hookl expression in patients with non-small cell lung cancer (NSCLC).
Methods: A total of 61 patients with NSCLC receiving gemcitabine plus carboplatin chemotherapy were
studied. Immunohistochemical staining was conducted to determine the protein expression of SHP2 and
Hookl. The relationships between gene expression and clinical and pathological factors, as well as prognosis,
were evaluated.

Results: A significant correlation was observed between the SHP2 and Hookl expression, with a total
expression rate of 71.4%. The positive expression of Hookl in adenocarcinoma and in stage ITIb-IV was
higher than that in patients with squamous (73.5% vs. 31.2%, P=0.013) and I-IIIa (75% vs. 48.8%, P=0.05),
suggesting that Hookl might act as an indicator of NSCLC status. However, no significant correlation was
observed between Hookl expression and survival time (P>0.05). In contrast, patients with negative SHP2
expression had a higher survival rate (median overall survival 68 vs. 24 months, P=0.003). Cox multivariate
regression analysis showed that SHP2 was an independent indicator for overall survival (P=0.009).
Conclusions: The present study suggested that NSCLC patients with negative SHP2 expression could
benefit from gemcitabine plus carboplatin chemotherapy, and further study is needed to confirm the

prognostic value of SHP2 and Hookl.
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Introduction

Non-small cell lung cancer (NSCLC), which accounts
for approximately 85% of all lung cancers, is one of the
most common human malignancies with a poor prognosis.
Chemotherapy has been the major treatment strategy for
most solid tumors including NSCLC. However, NSCLCs
are relatively insensitive to chemotherapy compared to
small cell carcinoma (1-3). Thus, it is important to screen
for molecular markers that could be used to characterize
NSCLC metastasis and effectively predict prognosis.

Reversible phosphorylation, the most widely used post-
translational modification, is an important chemical basis for
cellular signal regulation (4-6). Reversible phosphorylation
of signal proteins is mainly conducted by classes of kinases
and phosphatases, which perform phosphorylation and
dephosphorylation, respectively (7,8). In recent years,
a large number of studies have shown that the tyrosine
kinase family plays an important role in the regulation of
lung development, damage repair and cancer. Receptor
tyrosine kinases (RTKs) have become an important target
for targeted treatment of lung cancer (6,9). Conversely, the
tyrosine phosphatase family which carries out important
dephosphorylation functions, is relatively less studied (8).
Src homology region 2-containing protein tyrosine
phosphatase 2 (SHP2) is a typical nonreceptor phosphatase
member of the protein tyrosine phosphatase (PTPs)
family (10-12). It has extensive physiological significance
in embryonic development, stem cell maintenance,
inflammatory damage and repair, tumor occurrence and
metastasis. Its involvement in cell signal regulation showed
obvious tissue specificity and timing characteristics (13-19).
The SHP2 protein is mainly composed of two conserved
N ends SH2 (N-SH2) and the C terminal catalytic subunit
PTP domain (C-PTP). Under normal circumstances,
the C-PTP binds with N-SH2 to induce a state of self-
inhibition in SHP2 (auto-inhibition). Exogenous stimuli
(such as growth factor, inflammatory factor, or cytokine)
release C-PTP from N-SH2 and enhance the phosphatase
activity of activated SHP2 (active state). In recent years, the
function of signal anchored proteins (docking proteins) has
been widely studied in regulating protein phosphorylation.
The anchored protein is also called a scaffolding protein
or adaptor protein, which usually do not have enzyme-
catalyzed active groups. However, the signalosome complex
regulates the signal specificity and accuracy by the direct
interaction with the key kinase and phosphatase in the
domain modified by phosphorylation (20-22).

We have previously identified a new SHP2 anchorage
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protein, Hook microtubule tethering protein 1 (Hookl),
in the alveolar II epithelial cells by the yeast two-hybrid
system. In vitro biochemical studies showed that Hookl
directly interacted with the PTP catalytic center of SHP2
in the self-inhibition state (23). It has been suggested that
Hook! is a novel endogenous suppressor molecule of SHP2
phosphatase activity that can stabilize a self-inhibited state
of SHP2 under normal conditions (23,24). Additional
studies have confirmed the role of Hookl-TGFp/Smad
signalling in the negative regulation of SHP2. However, the
function of the Hookl protein is still poorly understood.
It is worth noting that the N segment of Hookl has a
cytoskeletal protein binding site, which is only known
to be related to cell migration and intracellular vesicle
transport (25,26). Nevertheless, few studies have reported
the clinicopathological and prognostic relevance of SHP2
and Hookl expression in patients with non-small-cell lung
cancer (NSCLC). Therefore, we conducted a retrospective
study to determine the prognostic significance of tyrosine
phosphatase SHP2 and ankyrin Hookl in NSCLC.

We present the following article in accordance with the
REMARK reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-430).

Methods
Study participants

A total of 101 NSCLC patients who underwent radical
surgery in our hospital from January 2008 to December
2012 were selected. Sixty-one patients of them were
confirmed by histopathology to receive gemcitabine plus
platinum chemotherapy in different stages. All tumor
specimens of patients who underwent pathological diagnosis
were collected. The median follow-up duration for all
patients was 30 months (range, 3-115 months), and the
last follow-up visit was February 28, 2017. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). The study was approved by the Research
Ethics Committee of the First Affiliated Hospital, School
of Medicine, Zhejiang University (2016125) and informed
consent was taken from all the patients.

Every patient received standard first-line chemotherapy:
gemcitabine 1,200 mg/m’ on days 1 and 8 and carboplatin
AUC 5 on day 1 (21 days per cycle). The platinum-based
doublet chemotherapy treatment was repeated every 3 weeks
for a maximum of 6 cycles. Progression-free survival (PES)
was calculated from the date of chemotherapy to progressive
disease, which was assessed by chest X-ray and computed
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Table 1 Characteristics of patients included in the study

Characteristic Number Percent (%)
Median age

<60 31 50.8

=60 30 49.2
Gender

Female 45 73.8

Male 16 26.2
Smoking status

Yes 36 59.0

No 25 41.0
Performance stage

0 44 721

1and 2 17 27.9
Histology

Squamous 16 26.2

Adenocarcinoma 34 55.7

Mixed NSCLC 11 18.0
Stage

I-1lla 41 67.2

lb-IV 20 32.8

NSCLC, non-small cell lung cancer

tomography imaging. Overall survival (OS) was calculated
from the start date of chemotherapy to the date of death or
last clinical follow-up.

Immunobistochemistry

Tissue sections were deparaffinized and rehydrated through
xylene and graded ethanol, respectively. Slides were rinsed
in dH,O and then subjected to antigen retrieval in 10 mM
citrate buffer, pH 6.0 by microwave oven heating for 20 min
and cooling for 30 min at room temperature. Endogenous
peroxidase activity was quenched in 0.3% H,O, for 20 min
and then washed in PBS. Then slides were incubated with
the primary antibody SHP2 (Abcam, ab32083) or Hookl
antibody (Abcam, ab151756) at a 1:100 dilution overnight at 4
°C. After washing with PBS, the bound primary antibody was
detected by a ready-to-use secondary antibody kit (Zhongshan
Goldenbridge Biotech, Beijing, China) and the chromogenic
substrate 3, 3-diaminobenzidine tetrahydrochloride (DAB).
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The specimens were counterstained with haematoxylin,
mounted and examined by light microscopy (Olympus
BX50, Japan). SHP2 and Hookl protein expression was
divided into two groups according to the differential
staining grades in the tumor cell nuclei or cytoplasm. The
grading system was as follows: if immunoreactivity was
noted in <10% of tumor cells, it was defined as negative; if
the immunoreactivity was 10% or more of the tumor cells,
it was defined as positive.

Statistical analysis

All statistical analyses were carried out using SPSS software
(Version 13.0; SPSS Inc., Chicago, IL, USA). Continuous
variables are expressed as the mean and SD, and categorical
variables are expressed as percentages. Chi-square tests
were calculated to assess the correlation between SHP2 and
Hookl protein expression and clinical characteristics of
NSCLC. Kaplan-Meier survival curves and the log-rank test
were used to analyse univariate distributions for survival.
Cox proportional hazards regression was conducted to
assess the effects of SHP2 and Hook1 protein expression on
PES and OS of NSCLC, with results expressed as hazard
ratio (HR) and its 95% confidence interval (CI). Statistical
significance was set at P=0.05.

Results
Patient characteristics

A total of 61 patients with histologically confirmed NSCLC
at our hospital admitted between January 2008 and
December 2012 were included. There were 16 males and
45 females with ages ranging from 33 to 76 years (median
age 60 years). Among 61 NSCLC patients, 16 cases were
squamous cell carcinoma, 34 cases were adenocarcinoma,
and 11 cases were mixed NSCLC. Histopathology
confirmed that 41 cases were at the stage of I-IIla and
20 cases were at IIIb-IV. Three patients received adjuvant
chemotherapy and radiotherapy after the operation, and
1 patient received adjuvant chemotherapy after receiving
cellular immunotherapy. The median follow-up time was
30 months (3-115 months). The last follow-up time was
February 2017. Fifty-five patients had been developed
progressive disease (PD), 45 patients died and 16 patients
survived. The median OS of all patients was 30 months
(ranging from 3 to 115 months), and the median PFS was
12 months (ranging from 1 to 77 months). The baseline
characteristics of the 61 patients are shown in Table 1.
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Figure 1 Photograph of tissue section in immunostained for SHP2 cytoplasm nuclear and Hook1 nuclear (x200). SHP2, Src homology

region 2-containing protein tyrosine phosphatase 2.

Table 2 Correlation between SHP2 and Hook! protein expression

SHP2
Number Pvalue  Coefficient
+ -
Hook1 0.046 0.256
+ 35 25 10
- 26 12 14
Total 37 24

SHP2, Src homology region 2-containing protein tyrosine phosphatase 2.

SHP?2 and Hook1 protein expression in NSCLC tumor

tissues and their disease correlation

We performed a correlation study on SHP2 and Hookl

protein expression using immunohistochemical (IHC)
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staining of tumor tissues from 61 NSCLC patients
(Figure ). In tumor tissue specimens, the positive expression
rates of SHP2 and Hookl1 proteins were 60.7% and 57.4%,
respectively. Among the 35 patients with positive Hookl
expression, 25 patients also had positive SHP2 expression,
with a SHP2 and Hook1 positive expression rate of 71.4%.
A significant correlation between the positive expression of
SHP2 and the positive expression of Hookl was observed
(P=0.046, r =0.256, Tuble 2).

Among the 61 cases of NSCLC, the positive rate of
Hookl protein expression differed in different pathological
types (histology). Adenocarcinoma correlated with higher
Hookl expression than squamous cell carcinoma (positive
rate 73.5% wvs. 31.2%, P=0.013). Clinical stages (stage) IIIb—
IV have higher Hookl expression than stage I-I1la (positive
rate 75% vs. 48.8%, P=0.05).
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Table 3 Relationship between SHP2/Hookl1 expression and clinical characteristics
Hook1 SHP2
Characteristic n
- + Va P value - + Va P value
Median age
<60 31 14 17 0.166 0.684 15 16 2.16 0.142
>60 30 12 18 9 21
Gender
Female 45 21 24 1.147 0.284 15 30 2.597 0.107
Male 16 5 11 9 7
Smoking status
Yes 36 18 18 1.955 0.162 11 25 2.843 0.092
No 25 8 17 13 12
Performance stage
0 44 19 25 0.02 0.887 19 25 0.974 0.324
1and 2 17 7 10 5 12
Histology
Squamous 16 11 5 8.733 0.013 7 9 0.536 0.765
Adenocarcinoma 34 9 25 12 22
Mixed NSCLC 1 6 5 5 6
Stage
I-llla 41 21 20 3.779 0.050 17 24 0.235 0.628
lib-IV 20 5 15 7 13

SHP2, Src homology region 2-containing protein tyrosine phosphatase 2; NSCLC, non-small cell lung cancer.

There was no significant difference in age, smoking
status or PS score (score 0 and scores ranging from
1 to 2) (P>0.05). These results show no significant
correlation between SHP2 protein expression and clinical
characteristics, including patient age, gender, smoking
status, PS score, tissue morphologies, and clinical tumor
stages (P>0.05). See Table 3.

The correlation of SHP2 and Hook1 protein expression
with clinical outcomes in NSCLC

Cox proportional hazards regression analysis was conducted
to assess the effects of SHP2 and Hook1 protein expression
on progression-free survival (PFS) and overall survival
(OS) of NSCLC patients. The survival rate of patients with
negative SHP2 protein expression was higher than that of
patients with positive SHP2 protein expression (median
overall survival 68 vs. 24 months, P=0.003, Figure 2A4).
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There was no significant correlation between the expression
of Hookl and the survival time of patients (P>0.05,
Figure 2B). However, the survival rate in patients with negative
expression of both SHP2 and Hookl was higher than that in
patients with positive expression of either SHP2 or Hook1 (68
versus 25 months, P=0.058, Figure 2C), indicating a difference
and impact on NSCLC patient survival. Cox multivariate
regression analysis showed that SHP2 expression in tumor
tissue [hazard ratio (HR): 4.520, 95% CI: 1.470-14.021,
P=0.009] was an independent indicator for overall survival. No
significant correlation between the protein expression of SHP2
or Hookl and NSCLC disease progression was observed
(P>0.05). See Figure 2, Table 4 and Table 5.

The effect of Hookl protein expression on the OS and PFS
of SHP2 positive patients

Hookl is not only the anchoring protein for SHP2, but
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Figure 2 Survival analysis of SHP2 and Hook! expression in patients with
NSCLC. (A) Patents with negative SHP2 expression had a higher survival
rate (P=0.003); (B) No difference was found between Hookl expression
and survival time (P>0.05); (C) The survival rate in patients with negative
expression of both SHP2 and Hook1 was higher than that in patients with
positive expression of either SHP2 or Hook1 (68 versus 25 months, P=0.058).
SHP2, Src homology region 2-containing protein tyrosine phosphatase 2.
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also affects the localization of SHP2 in cells and inhibits
the catalytic activity of SHP2. We further analysed the
effect of Hookl expression on OS and PFS in SHP2
positive patients. Table 6 shows that there was no significant
correlation between Hookl expression level and OS and
PES in SHP2 positive patients (P>0.05).

Discussion

SHP2 is the only known proto-oncoprotein among many
phosphatase molecules of the protein tyrosine phosphatase
(PTP) family. The expression of SHP2 is increased or
the coding gene is mutated in many tumor tissues (27).
Recent studies suggested that SHP2 acted as a mediator for
the regulation of motility in cancer cells through several
signalling cascades (18,28,29). Moreover, it was found that
SHP2 was highly expressed in lung cancer and was related
to lymph node metastasis, which suggests that enhanced
SHP2 activity can accelerate tumor metastasis (30).
Another study found that the SHP2 E76V mutation was
detected in lung adenocarcinoma specimens, but not in
normal lung tissue. Transgenic mice overexpressing the
SHP2E76K mutation showed enhanced activation of ERK
and Src in lung tissue, which eventually developed into lung
adenocarcinoma (30). These results indicate that the active
tyrosine phosphatase SHP2 produced by the active mutation
has a strong carcinogenic effect. Recently, researchers
have also found that in EGFR-L858R transgenic lung
adenocarcinoma mice, the expression of SHP2 inactivated
mutants can inhibit the occurrence of lung cancer in
mice (31). These studies suggest that high expression
or active mutation of SHP2 promotes the proliferation,
invasion and metastasis of lung cancer cells (31,32).

Hookl is known as an anchoring protein that can bind
to SHP2 at both the C-PTP and N-SH2 domains. This
molecular interaction between SHP2 and Hookl suggests
that Hookl may be involved in the maintenance of SHP2
self-inhibition, which is achieved through the interaction
between the N-SH2 domain and the C-PTP domain.
The temporal and spatial regulation of its intracellular
catalytic activity of SHP2 is determined by the anchored
protein bound to it. More importantly, in the epithelial to
mesenchymal (EMT) process induced by TGF beta 1, the
expression of Hookl protein is downregulated, and SHP2
is easily activated (23). Under the stimulation of silencing
Hookl protein and EGE, the activity of SHP2 increased
significantly. Hookl regulates SHP2 enzyme activity,
thereby affecting the progression and prognosis of NSCLC.
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Table 4 Correlation between the OS and the expressions of SHP2 or/and Hookl in NSCLC patients

Median OS Univariate analysis Multivariate analysis
n(N=6T) (months) Log-rank P value HR (95% CI) P value
Hook1
- 26 34 0.539 0.463 0.781 (0.352-1.737) 0.545
+ 35 25
SHP2
- 24 68 8.648 0.003 4.520 (1.47-14.021) 0.009
+ 37 24
SHP2 and Hook1
(-) Both 14 68 3.591 0.058 1.285 (0.305-5.408) 0.733
Positive in one or both 47 25

SHP2, Src homology region 2-containing protein tyrosine phosphatase 2; NSCLC, non-small cell lung cancer.

Table 5 Correlation between the PFS and the expressions of SHP2 or/and Hook! in NSCLC patients

Median PFS Univariate analysis Multivariate analysis
n(N=59) (months) Log-rank P value HR (95% ClI) P value
Hook1
- 23 12 1.521 0.217 1.167 (0.523-2.605) 0.706
+ 32 8
SHP2
- 20 12 2.076 0.15 1.833 (0.729-4.611) 0.198
+ 35 9
SHP2 and Hook1
(-) Both 12 12 1.597 0.206 1.297 (0.370-4.542) 0.684
Positive in one or both 43 9

SHP2, Src homology region 2-containing protein tyrosine phosphatase 2; NSCLC, non-small cell lung cancer.

Table 6 Effect of Hookl expression on the OS and PFS in SHP2 positive NSCLC patients

n (N=61) Median OS Univariate analysis  (N=55) Median PFS Univariate analysis
(months) Log-rank P value (months) Log-rank P value
Hook1
+ 25 24 0.0001 0.987 24 8 1.259 0.262
- 12 21 11 9

PFS, progression-free survival; SHP2, Src homology region 2-containing protein tyrosine phosphatase 2; NSCLC, non-small cell lung
cancer.

In the present study, a total of 61 patients with NSCLC tumor tissue specimens, the expression rates of SHP2 and
receiving gemcitabine plus carboplatin chemotherapy were Hookl proteins were 60.7% and 57.4%, respectively. The
evaluated. Immunohistochemical staining was conducted total expression rate for SHP2 and Hookl was 71.4%.
to detect the protein expression of SHP2 and Hookl. In A significant correlation between the positive expression
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of SHP2 and the positive expression of Hookl was
observed (P=0.046, r =0.256). The positive rate of Hookl
protein expression varied in different pathological types
(histology), adenocarcinoma was higher than squamous
cell carcinoma (73.5% wvs. 31.2%, P=0.013). While in
different clinical stages (Stage), the late stage patients
(IIIb-1V phase) expressed more Hookl protein than
that of the early (I-IIla) stage patients (75% vs. 48.8%,
P=0.05). Since Hookl not only binds to SHP2, but also
affects the subcellular localization of SHP2 and inhibits its
enzyme activity, the increased Hookl protein expression
rate in late NSCLC may suppress the catalytic activity of
SHP2. The survival rate of patients with negative SHP2
protein expression was higher than that of patients with
positive SHP2 protein expression [median overall survival
(OS) 68 vs. 24 months, P=0.003]. However, there was no
significant correlation between the expression of Hookl
and the survival time of patients (P>0.05). The comparison
of tumor tissues expressing both SHP2 and Hook1 with
tumor tissues expressing either SHP2 or Hookl showed
median OSs of 68 versus 25 months (P=0.058) respectively,
indicating a significant impact of SHP2 and Hookl
proteins on NSCLC patient survival. We further analysed
the effect of Hookl expression on OS and PFS in SHP2
positive patients. The results showed that there was no
significant correlation between Hookl expression level
and OS and PFS in SHP?2 positive patients (P>0.05). The
results indicate that the regulation of tyrosine phosphatase
SHP?2 activity affects the development of lung cancer. In
addition to the anchoring protein Hookl, there may be
other biologically active molecules or signaling pathways
to be discovered by further basic or clinical large sample
studies. Cox multivariate regression analysis showed that
SHP?2 expression in tumor tissue (HR: 4.520, 95% CI:
1.470-14.021, P=0.009) was an independent indicator for
overall survival. No significant correlation between the
protein expression of SHP2 or Hookl and NSCLC disease
progression was observed (P>0.05). It is noteworthy that in
addition to NSCLC, SHP2 could act as a tumor suppressor
in hepatocellular carcinoma, thyroid carcinoma, colon
cancer and carcinogenesis because of its downregulation
of inflammatory signalling, but Hookl was negatively
associated with the invasiveness of tumor cells, and the
regulatory relationship between SHP2 and Hookl may
differ based on the type or stage of the tumor (24,33-35).

In conclusion, the present study indicates that NSCLC
patients with negative SHP2 expression in tumor
tissue could benefit from gemcitabine plus carboplatin
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chemotherapy. It is suggested that SHP2 may be a
favourable indicator of prognosis in NSCLC. However,

further study will be needed to confirm the prognostic value
of SHP2 and Hookl.
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