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Abstract HER?2 amplification and/or expression occurs
in gastric carcinoma (GC), but the role of HER2 in the
prognosis of GC remains unclear. The dysregulation of
transforming acidic coiled coil 1 (TACCI), a downstream
gene of HER2, is thought to be involved in the develop-
ment of GC. The aim of this study was to investigate the
role and relationship of HER2 and TACCI1 in GC. The
expression of HER2 and TACCI was analyzed using
immunohistochemistry on 129 primary resected GC
patients, and HER2 amplification was additionally deter-
mined by FISH. The data on clinicopathological features
and relevant prognostic factors in these patients were
analyzed. The expression (34, 2+ and 14) and the
amplification of HER2 was observed in 57 cases (44.2 %)
and 25 cases (19.4 %), respectively, and the correlation
between HER2 expression and amplification was strong
(p < 0.001). According to the FDA criteria, 24 cases
(18.6 %) would have been considered as HER2 positive. A
total 62 (48.1 %) GC tissues showed positive cytoplasmic
staining of TACCI. There was a significant and positive
association between TACC1 and HER2. HER2 positive
was significantly associated with TNM stage (p = 0.019),
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and TACCI1 expression was significantly associated with
lymph node metastasis (p = 0.004) and TNM stage
(p = 0.004). TNM stage, TACC1 expression and co-posi-
tive of both HER2 and TACCI1 were independent prog-
nostic factors. TACC1 expression is an independent
prognostic indicator of GC. The correlation between
TACCI1 expression and HER2-positive status indicated a
possible synergistic regulation of the two molecules and
co-positive of both HER2 and TACCI maybe a more
valuable prognostic marker.

Keywords Gastric carcinoma - HER2 - TACCI -
Prognosis - Survival analysis

Introduction

Gastric cancer (GC) is the fourth most common cancer
worldwide [1], and the incidence of GC is much higher in
China than in any other country. In 2009, 3,621,000 people
were diagnosed and the morbidity rate ranked third with
the proportion of 14.33 % [2]. Despite the developments of
surgical technique and improvements of anticancer agents
recently, GC continues to pose a major challenge for health
care professionals. The TNM stage, which is determined by
the depth of invasion, involvement of the lymph nodes and
distant metastasis, is the most important prognostic factor
now established for GC [3]. However, prognosis varies
between patients in the same stage. Therefore, it is neces-
sary to seek new prognostic factors other than the TNM
stage.

The human epidermal growth factor receptor 2 (HER2/
neu) gene, also called ErbB-2, is a 185-kDa transmembrane
tyrosine kinase (TK) receptor and a member of the epi-
dermal growth factor receptors (EGFRs) family [4].
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In breast cancer, HER2 has been most intensively studied
and been used as both prognostic and predictive markers
[5]. HER2 amplification and/or protein expression has been
implicated in the development of gastric adenocarcinoma
[6], and HER2-targeted therapy with trastuzumab has been
introduced in the treatment of metastatic GC [7]. However,
unlike in breast cancer, the prognostic significance of HER2
status in patients with GC remains unclear with some
studies suggesting that HER?2 positivity is associated with
poor prognosis [6, 8—10] and others showing that it is not an
independent prognostic factor of patient outcome [11-13].

The transforming acidic coiled coil 1(TACC1), a member
of TACC family, is centrosome and microtubule-binding
protein and is essential for mitotic spindle formation and
function as well as the other currently known TACC proteins
(designated TACC2-3) [14-16]. TACCI1 gene was first dis-
covered as an oncogene amplified in breast cancer and was
correlated with significantly shorter relapse-free survival
[17].Using cDNA microarrays, Wilson et al. [18] identified
that TACC1 is one of some genes associated with the
aggressive phenotype of HER2 positive both in breast cancer
cell lines and in carcinomas tissues. Our previous study had
also provided proof that efficient downregulation of HER2
induced TACCI1 upregulation at both mRNA and protein
levels in breast cancer cell lines [19]. Increasing evidence
indicates that deregulation of TACCI is linked to carcino-
genesis of various human cancer types except for breast
cancer, including ovarian, gastric, colonic, prostate and
hepatic carcinoma [20-24]. The expression of both TACC1
and HER2 and any possible relationship between them,
however, has not been investigated in GC entity to date.

In this study, we examined both expression and ampli-
fication of HER2 and the expression of TACCI1 in tumors
of radical resected GC to evaluate prognostic value of
HER2 and TACCI1 and to investigate any possible rela-
tionship between them in patients with gastric cancer.

Materials and methods
Patients and tissues

A total of 129 GC tissues with histologically confirmed
adenocarcinoma were obtained from the Department of
Pathology, the Affiliated Hospital of Qingdao University,
from January 2007 to January 2009, and 80 para-cancer
normal tissues which were 5 cm far away from the edge of
tumor were randomly selected as control. The study pro-
tocol was approved by the Ethics Committee of the Affil-
iated Hospital of Qingdao University (Qingdao, China). All
patients underwent radical gastrectomy and D2 lymphad-
enectomy but not received any preoperative therapy
including chemotherapy and (or) radiotherapy, were
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available for follow-up data and signed an informed con-
sent. Clinicopathological information obtained from
patient’s operative and pathological reports included gen-
der, age (<60 or >60 years), depth of tumor invasion (T1-
T2 or T3-T4), lymph nodes metastasis (N), histologic
grade (Gl G2 or G3, G4 not included), venous invasion,
neural invasion, Lauren’s classification (intestinal, diffuse
or mixed) and the 7th American Joint Committee on
Cancer (AJCC) TNM stage (I-II or III) (Table 1).

Immunohistochemical staining

The expression of TACC1 and HER2 was detected using
immunohistochemical (IHC) staining. Briefly, consecutive
4-um-thick sections were cut from formalin-fixed, paraffin-
embedded tissues. After dewaxing and rehydration, the
slides were rinsed in phosphate-buffered saline (PBS).
Endogenous peroxidase was quenched with aqueous 3 %
H,0, for 20 min and washed with PBS-Tween20 (PBS/T).
Non-specific antibody binding was blocked with 10 %
normal serum in Tris-HCI buffer. After antigen retrieval
with the use of the microwave, the slides were incubated
with primary anti-TACC1 (ab17915, diluted 1:100, Ab-
cam, US) or anti-HER2 (dilution 1:200, Abcam, US)
overnight at 4 °C. After washing, antibody staining was
detected with the avid in-biotin-peroxidase complex
(PV9005, mouse hypersensitivity, Beijing fir Jingiao,
China). Finally, sections were incubated in 3, 3-diam-
inobenzidine (DAB) chromogen solution and counter-
stained with 0.1 % hematoxylin. In every case, PBS instead
of the primary TACCI1/HER2 antibody was used on a
duplicate slide as a negative control, while the known
positive-stained section was used as the positive control.
The results were evaluated by two pathologists indepen-
dently with no knowledge of clinicopathological features.

The expression of TACC1 was scored in a semi-quan-
titative manner according both the extent and the intensity
of the staining [25]. Briefly, the extent of staining was
divided into 0—4 score according to the percentage of the
staining cells (<5 %; 6-25 %; 26-50 %; 51-75 %; more
than 75 %), and the intensity of staining was categorized
into four grades (0, no staining; 1, slightly yellowish; 2,
brownish yellow; 3, dark brown). After multiplying the two
scores, the composite scores were divided into four grades:
negative (0—1 scores), weakly positive (2—4 scores), mod-
erately positive (5-8 scores) and strongly positive (9-12
scores). The scores 2 and more than 2 were designated as
TACC1-positive expression.

The score of HER2 was determined according to the
staining pattern adopted by Hoffmann in Toga trial [26]:
high (IHC3+), strong intensity in 10 % or more of cancer
cells; medium (IHC2+), weak moderate intensity in 10 %
or more; low (IHC1+), faint intensity in 10 % or more;
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Table 1 Correlation between

Variable TACCI expression p value HER?2 status® p value
clinicopathological factors,
TACCI expression and HER2 Negative  Positive Negative  Positive
status N =129 n =67 n=062 n =105 n=24
Gender
Male 54 43 0.140 79 18 0.981
Female 13 19 26 6
Age
<60 28 21 0.354 40 9 0.957
>60 39 41 65 15
Depth of tumor invasion (T)
T1-T2 16 19 0.388 27 8 0.449
T3-T4 51 43 78 16
Lymph nodes metastasis (N)
Negative 36 18 0.004** 43 11 0.662
Positive 31 44 62 13
Histologic grade (G)
G1: Well differentiated 10 8 0.142 13 5 0.490
G2: Moderately differentiated 31 39 57 13
G3: poorly differentiated 26 15 35 6
Venous invasion
Negative 40 36 0.850 66 10 0.057
Positive 27 26 39 14
Neural invasion
Negative 37 34 0.965 58 13 0.924
Positive 30 28 47 11
Lauren’s classification
Intestinal 53 52 0.444 89 16 0.152
Diffuse 4 5 6
Mixed 10 5 10 5
TNM stage
£ p <005 I-1I 20 6 0.004%** 17 9 0.019%%*
1 47 56 88 15

* according to the FDA criteria

absent (IHCO). IHC3+ was considered to be positive and
IHCO or IHC1+ was considered to be negative for HER2
expression. IHC2+ was defined as equivocal and should be
verified with fluorescence in situ hybridization (FISH).

Fluorescence in situ hybridization (FISH)

Fluorescence in situ hybridization analysis was performed
using the PathVysion HER2 probe kit. Paraffin-embedded
specimens were cut at 2 um, using conventional histolog-
ical techniques, and transferred to slides. Sections were
deparaffinized and rehydrated in two changes of xylene for
30 min each, followed by two 10-min washes in absolute
ethanol and dried at room temperature. Sodium thiocyanate
was applied to each section. They were then placed in a
thermostat bath for 30 min at 80 °C and rinsed in deionized
water, pretreated with sodium thiocyanite and protease

solution for 15 min and dehydrated. The probe was dena-
tured at 80 °C for 5 min, was added to each slide and
sealed under a small glass coverslip, before overnight
hybridization at 42 °C. The procedure was followed by
washing in 0.4 x SSC (sodium saline citrate)/0.3 % Non-
idet (NP40) and 2 x SSC. After hybridization, the nuclei
counterstaining was achieved with 4/, 6-diamidino-2-
phenylindole (DAPI). A specimen with an HER2/CEP17
ratio of 2.0 or more in invasive cells was classified as
HER?2 amplification [27].

Follow-up
All the patients were performed a 5-year retrospective
cohort research after gastrectomy from January 2007 to

January 2014. The median duration of follow-up was
45.3 months (range, 9-60 months). The information about
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Fig. 1 Expression of HER2 in gastric adenocarcinoma. Gastric adenocarcinoma with a negative 0, b score 1+, ¢ score 2+, d score 3+ HER2

expression

survival was obtained from the Oncology Department of
the Affiliated Hospital of Qingdao University.

Statistical analysis

Documentation and statistical analysis were performed
using the SPSS software version 22.0. The relationship
between TACC1 and HER? and clinicopathological factors
was analyzed using chi-square statistical test or Fisher’s
exact test, while survival analysis was carried out using the
Kaplan—Meier method and compared by the Log-rank test.
Any parameter can be discovered to be significant on
univariate analysis by the Cox’s proportional hazards
model was then went into multivariate analysis. p < 0.05
was considered as statistically significant.

Results
HER?2 expression and amplification

After IHC in GC tissues, 57 of 129 cases (44.2 %) showed
HER?2 staining, which was strong in 12 cases (3+; 9.3 %),
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moderate in 20 cases (2+; 15.5 %) and weak in 25 cases
(145 19.4 %) (Fig. 1). The other 72 cases had no staining
(0, 55.8 %). FISH analysis showed that 25 of 129 cases
(19.4 %) were HER2 amplification (Fig. 2) and the corre-
lation between HER2 expression and amplification was
strong (p < 0.001, Table 2). All amplification cases
showed THC staining, which was strong (3+) in 11 cases,
moderate (2+) in 12 cases and weak (1+) in 2 cases. By
the contrast, none of the 72 cases without IHC staining
showed amplification. According to the Food and Drugs
Administration (FDA) criteria, which defined HER?2 status
positive as either IHC3+ or IHC2+ and validated by FISH
amplification [28], 24 cases (18.6 %) would have been
considered as HER2 status positive and 105 cases (81.4 %)
as negative.

TACCI expression

A total 62 of 129 (48.1 %) gastric adenocarcinoma tissues
and 9 of 80 (11.3 %) para-cancer normal tissues showed
positive staining of TACCI, respectively. Tumor staining
of TACCI1 expression was observed in the cytoplasmic
staining pattern, and strong immunoreactivity was mostly
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Fig. 2 Fluorescence in situ hybridization analysis of HER2 in gastric adenocarcinoma. a Positive amplification of HER2. b Negative

amplification of HER2

Table 2 Correlation between expression and amplification of HER2

HER2 IHC Total
0 1+ 2+ 3+
HER2 FISH
Negative 72 23 8 1 104
Amplification 0 2 12 11 25
Total 72 25 20 12 129

found around nucleus (Fig. 3).In the para-cancer normal
gastric epithelium, otherwise, only negative or weak
immunoreactivity of TACCI was detected (not showed),
which indicated that the TACC1 was more common posi-
tive expression in human GC than para-cancer normal
tissues (p < 0.001).

Association between HER2 and TACC1

There was a significant and positive association between
TACCI1 expression and HER2 status according to FDA
(p = 0.013, Table 3). However, neither HER2 expression
nor amplification had significant association with TACC1
expression (p = 0.102 and p = 0.376, respectively,
Table 3).

Clinicopathological parameters and survival analysis

HER2-positive status according to FDA was significantly
associated with TNM stage (p = 0.019, Table 1), and the
expression of TACC1 was significantly associated with
lymph node metastasis (p = 0.004, Table 1) and TNM
stage (p = 0.004, Table 1). However, other clinicopatho-
logic factors, including gender, age, depth of tumor inva-
sion, histologic grade, venous/neural invasion and Lauren’s

classification, had no significant relationship with HER2
status or TACC1 expression in this study (Table 1).

The analysis of prognostic factors for overall survival is
summarized in Fig. 4. Log-rank analysis revealed that his-
tologic grade 1 (G1: well differentiated, Fig. 4a) and TNM
stages [-1I (Fig. 4b) were associated with better prognosis,
but the positive of TACC1 expression (Fig. 4c) was asso-
ciated with worse prognosis. Additional prognostic factor
was HER2 status positive according to FDA criteria
(Fig. 4d), but not HER2 expression or amplification posi-
tive alone. Furthermore, GC patients whose primary tumors
showed both TACCI1 expression and HER?2 status positive
(co-positive) tended to have worse outcome than those with
just one positive or co-negative (Fig. 4e). Other clinico-
pathological parameters had no impact on overall survival.

However, only TNM stage, TACC1 expression and co-
positive of TACC1 and HER?2 rather than histologic grade
and HER2 status positive alone were independent prog-
nostic factors in multivariate analysis. (Table 4).

Discussion

According to the FDA criteria of HER2 status positive, just
as used in ToGA trial, we observed that HER?2 positive was
associated with shorter survival and turned out to be an
independent significant negative prognostic marker in the
patients with gastric carcinoma, which was similar with
some reports [10, 29] but was faced by a considerable
amount of papers which demonstrated no or opposite
association with prognosis [8, 11, 30, 31]. That is at least
partly caused by different detection methods and definition
of HER2 status positive. IHC is the most widely used
primary test for the assessment of HER2 expression, and
only a score of 3+ is considered as positive [28]. A score
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Fig. 3 Expression of TACCI in gastric adenocarcinoma. Gastric adenocarcinoma with a negative 0, b score 1+, ¢ score 2+, d score 3+ TACC1
expression. TACCI expression was mainly stained in the cytoplasm, and the strong immunoreactivity was mostly found around nucleus

Table 3 Association between
HER2 and TACC1

HER?2 expression (IHC)

HER2 amplification (FISH) HER?2 status

Negative Positive® Negative Positive Negative  Positive®
TACCI expression (n = 129)
Negative (n = 67) 42 25 56 11 60 7
Positive (n = 62) 30 32 48 14 45 17
Total 72 57 104 25 105 24

* HER2 IHC1+, 2+, 3+
® according to the FDA criteria

of 2+ is considered as equivocal, and a score of 14 and 0
is considered as negative. FISH is another method for
detecting amplification of HER2. Many institutions rou-
tinely perform both IHC and FISH on all patients; other-
wise, a FISH-alone screening strategy has also been
suggested [32]. Data from ToGA trial demonstrated that
those patients with tumors that had HER2 strong positive
(IHC3+ or IHC2+/FISH validated) derived the greatest
benefit from treatment with trastuzumab. Therefore, FDA
recommends that IHC should be the initial testing method
and FISH should be used to retest IHC2+ samples. In this
study, we performed both ITHC and FISH on all the samples
of 129 curatively resected GC patients and found that 11 of
12 cases of IHC3+ showed amplification, 12 of 20 cases of
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IHC2+4 exhibited amplification, but none of the IHC-neg-
ative cases showed amplification. Interestingly, 2 of 25
cases with a weak IHC staining (14) also showed HER2
amplification, and the two cases would have been missed
following the FDA criteria. The correlation between IHC
and FISH amplification in our study is similar with recently
literatures [7, 33], suggesting that not only HER2 THC2+
but also 14+ maybe should be verified with FISH. But
according to ToGA data, there was no significant benefit
for patients whose tumors were IHCO or IHC1+ and FISH
amplification and NCCN panel therefore recommends
FISH only for patients with a score of IHC2+.

The reported rates of HER2 gene amplification and
protein overexpression in GC ranged from 12-27 % and



Med Oncol (2014) 31:280

Page 7 of 10 280

a
1.0 |
T
e
_ 08+
m —
2 e
c -
@ 067 M,
w—
c A
g |
o 044 L
o Differentiation
—well
rmoderately p=0.010 o
0.2+ poorly
0.0 1
T T T T T T T
0.00 1000 2000 3000 40.00 50.00 60.00
Time (months)
¢ 1.0
0.8
©
2
S 0s-
»n
b
c
[0]
S 047 :
&) -
TACCT e
. —Negative
0.2 1Posttive B
0.0 1
T T T T T T T
0.00 10.00 2000 30.00 40.00 50.00 60.00
Time (months)
e
1.09
0.8 _ *&111
ﬁ L
2 -
: oo : 1
()]
o
c L
0 -
g 0.4 | S
o H——
0.2- HER2 and TACC1
: —Co-negative
rsingle-positive p<<0.001
Co-positive
0.0+
T T T T T T T
0.00 1000 2000 3000 4000 50.00 60.00
Time (months)

Percent Survival

Percent Survival

1.0
0.8
0.6
0.4
Stage p=0.001 1
0.24 Tk
o] ++
0.0+
T T T T T T T
0.00 1000 2000 30.00 4000 50.00 60.00
Time (months)
1097 1 :
0.8 L
0.6 L
0.4+ L ‘
H—
HER2
0.2 —Negative p=0.001
/1 Positive
0.0+
T T T T T T T
0.00 1000 2000 30.00 40.00 50.00 60.00
Time (months)

Fig. 4 Kaplan—Meier overall survival curves in gastric adenocarcinoma according to histologic grade (a), TNM stage (b), TACC1 expression
(c), HER?2 status (d) and the co-positive of TACC1 and HER?2 (e)
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Table 4 Multivariate analysis of overall survival in 129 GC patients (Log-rank test)

Factors Exp (B) 95 % CI for exp (B) p value
Min Max
Histologic grade 1.335 0.877 2.033 0.178
TNM stage 3.066 1.320 7.120 0.009%%**
TACCI expression 2.084 1.107 3.922 0.023%**
HER2 status® 1.656 0.899 3.048 0.106
Co-positive” 1.825 1.142 2915 0.012%**
% p < 0.05

a

9-23 %, respectively [8, 12, 13, 29, 34, 35]. The positive
rate of HER2 amplification (19.4 %) in our study was in
that range; however, the rate of protein overexpression
(IHC2+ and 3+) (24.8 %) was higher than the literature
data. Some studies showed that HER2-positive rate varied
with the Lauren’s classification subtype (intestinal > dif-
fuse) and histologic grade (moderately differenti-
ated > poorly differentiated) [8, 12, 13, 34]. In this study,
the proportion of patients with intestinal-type cancer
(81.4 %) was higher than in ToGA trial (75 %), and the
proportion of well and moderately differentiated patients
was also relatively higher (68.2 %). That may partly
explain the higher rate of HER2 overexpression. The
positive rate of HER2 status, which was according to FDA
criteria, was associated with TNM stage other than Lau-
ren’s classification or histologic grade in this study. The
possible reason for the difference may be as follows: tumor
heterogeneity, geographic variations and the employment
of different antibodies, and the criteria for HER2 status
positive may be included.

Increasing evidence indicated that TACCI, the first
member of the TACCs family, played an important role in
cell growth and differentiation, gene regulation by inter-
acting with molecules involved in centrosome/microtubule
dynamics, transcription and mRNA processing [36-38].
The deregulation of TACC1 was implicated in the devel-
opment of various human malignancies. In our study, the
expression of TACCI in GC tissues was upregulated than
para-cancer normal gastric tissues, was associated with
more aggressive phenomenon such as lymph nodes
metastasis and high TMN stages and then was validated as
an independent negative prognostic marker in GC patients,
which was similar with Devilard’s report [39], which
showed that the overexpression of TACCl mRNA and
protein had been found in prostate carcinoma tissues
compared with benign prostate tissues and its expression
level appeared to be associated with hormone-independent
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according to the FDA criteria; ® both TACC1 expression and HER?2 status positive

growth and advanced prostate carcinoma [39]. In addition,
TACCI1 was significantly upregulated and correlated with
shorter relapse-free survival and was an independent
prognostic marker in breast cancer [40]. However, the
question of whether TACC1 was up- or downregulated in
ovarian cancer remained controversial because one study
identified TACCI as a possible prognostic marker using
microarray analysis [41]; otherwise, another report
revealed that both TACCI and TACC3 were lost or mis-
localized in ovarian tumors using IHC analysis [21]. The
possible explanations for these different results may be
tissue specialist and different methods, the other explana-
tion has been proposed by Gergely et al. [16], who inves-
tigated the function of the D-TACC protein in the
regulation of the interactions between centrosomes and
microtubules, that because an exquisite control was
required in this sensitive area, either an increase or a
decrease in TACC activity could have deleterious effects
on genetic ability and induce oncogenicity.

Wilson et al. [3] used cDNA microarray technology that
allows for the simultaneous evaluation of expression of
thousands of genes at the mRNA level. A limited number
of genes were found to be up- or downregulated by high
HER2 protein levels. These included TACCI that was
downregulated both in HER2-positive breast cancer cell
lines and in HER2 overexpressing breast carcinomas tis-
sues. Our previous study also indicated TACC1 expression
was significantly upregulated by HER2 silencing both at
the mRNA and protein levels in breast cancer cell line [19].
Similarly, our data from this study showed that HER2-
positive status according to FDA criteria was positive
associated with TACC1 expression in GC and co-positive
of both HER2 and TACCI1 tended to have worst outcome
among the relationship between the two factors. These
findings indicated that there might be some molecular and
biological relationships between HER2 and TACCI1 in
breast and gastric cancer.
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In summary, our results suggest that TACC1, co-positive

of both HER2 and TACC1 and TNM stage are potential
prognostic markers in gastric cancer. Moreover, the corre-
lation between the expression of TACCI1 and the positive
status of HER?2 indicated a possible synergistic regulation of
the two molecules and co-positive of both HER2 and TACC1
may be more valuable for the prognosis of GC.
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