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P  =  0.007) and advanced gastric cancer patients 
(42.1 ± 5.5 vs. 23.2 ± 4.8 months; P = 0.043). From mul-
tivariate analysis, the Helios expression in gastric tumor 
cells was an independent factor to predict better survival in 
all gastric cancers (HR =  2.78; 95  % confidence interval 
[CI], 1.09–7.09; P =  0.032) and advanced gastric cancer 
patients (HR = 2.85; 95 % confidence interval [CI], 1.00–
8.13; P = 0.03).
Conclusions  Higher expression of Helios in gastric tumor 
cells predicts better survival in gastric cancer patients, 
especially for Helicobacter pylori-infected and advanced-
stage gastric cancer patients.

Keywords  Gastric cancer · Helicobacter pylori · Helios · 
Prognosis

Introduction

Gastric cancer is the second leading cause of global can-
cer-related deaths, and it occurs with geographic vari-
ation with highest incidence in East Asian countries esti-
mated in 2012 (Ferlay et  al. 2012). Tumor heterogeneity 
is often observed in cancer cells due to the accumulation 
of gene mutations. In the recent report, the significantly 
mutated genes include TP53, KRAS, PIK3CA, ERBB3, 
PTEN, HLA-B, β-catenin and TGF-β pathways in gastric 
cancer (Network 2014). Except for the geographic differ-
ences in gastric cancer, recent clinical trial using Avastin 
also showed total different results between Asian and non-
Asian patients  (Ohtsu et  al. 2011). Except for the genetic 
factors, the tumor microenvironments are also detrimental 
factors to influence the tumor development and therapeutic 
effects (Abe et. al. 2015). Immune cells, which infiltrated 
in the tumor, are one of the most important factors in tumor 
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microenvironments (Kashimura et  al. 2012). It especially 
has abundant immune cells in the gastrointestinal tract 
under normal conditions. The components of an adaptive 
immune system play important roles in anticancer immu-
nity. Regulatory T cells (Treg) are essential cells with an 
immune suppressive function to maintain tolerance to the 
host’s own tissues. The transcription factor forkhead box 
P3 (FoxP3) is a key nuclear molecule for Tregs develop-
ment and function and is the most specific Treg marker to 
date (Hori et al. 2003). The higher numbers of suppressive 
Treg cells in tumor microenvironments will inhibit the anti-
tumor responses (Kindlund et  al. 2016); thus, it can be a 
potential prognostic marker (deLeeuw et  al. 2012). How-
ever, there were studies which reported that an increased 
frequency of Foxp3+ Tregs was associated with improved 
prognosis (Kim et al. 2014). The diversity and the potential 
of plasticity produce a challenge to explore whether they 
are beneficial to the host by down-regulating excessive 
immune activation to avoid autoimmune responses or are 
disadvantageous for anti-tumor immune responses, result-
ing in promotion of tumor growth (deLeeuw et  al. 2012; 
Shang et al. 2015).

Helios belongs to the family of Ikaros proteins, which 
contain Ikaros, Aiolos, Helios, Eos and Pegasus, which is 
a kind of zinc finger transcription factor. These proteins 
play important roles in the cell-fate decision in hemat-
opoiesis and especially in lymphocyte development (John 
and Ward 2011; Georgopoulos 2002). In addition, Ikaros 
families performed as tumor suppressors because many 
studies reported that abnormal expressions of these proteins 
in leukemia are associated with poor prognosis (Mullighan 
et  al. 2009). Helios is expressed in T cells, especially in 
regulatory T cells (Baine et al. 2013). Forced expression of 
Helios enhanced the suppressive function in foxp3+ CD4+ 
T cells (Takatori et al. 2015). Except for the hematopoietic 
cells, Helios is expressed by a small population of nestin-
positive neural progenitor cells (Martin-Ibanez et al. 2012). 
In this study, we examined the Helios expression in gastric 
cancer, including gastric tumor cells and infiltrated lym-
phocytes, to investigate the associations of Helios expres-
sion between Helicobacter pylori infection and prognosis 
in gastric cancer patients.

Materials and methods

Tissue sample

From 2010 August to 2014 September, a total of 67 patients 
(consisting of 47 males and 20 females with a median age 
of 69 years in the age range of 47–87 years as depicted in 
Table  1) were pathologically diagnosed with gastric can-
cer samples collected from the Chang Gung Memorial 

Hospital (CGMH), in Chia-Yi, Taiwan. The pathologic 
examination and further investigation were carried out 
under the informed consent of the patients. The Institu-
tional Review Board (IRB) of the Chang Gung Memorial 
Hospital approved all human subject assessments (IRB No. 
104-4187C).

Immunohistochemistry (IHC)

Formalin-fixed and paraffin-embedded tissue specimens 
were cut into 4-μm-thick sections. The samples were 
heated at 65  °C for 30  min and then deparaffinized in 
xylene and rehydrated using a 100–75  % series of etha-
nol. The slides were then washed three times for 3  min 
in phosphate-buffered saline (PBS). For antigen retrieval, 
the samples were microwaved twice in 10  mM citrate 
(pH 6.0) for 10 min. Endogenous peroxidase activity was 
blocked with 3 % hydrogen peroxide for 10 min. Nonspe-
cific binding was blocked using 1X phosphate-buffered 
saline with Tween 20 (PBST) containing 5 % bovine serum 
albumin (BSA) for 30  min at 4  °C. The samples were 
then reacted with rabbit polyclonal antibody anti-Helios 

Table 1   Characteristics of total gastric cancer patients based on 
Helios presentation

All (N = 67) High 
(N = 39)

Low 
(N = 28)

P

Age 68.49 ± 10.02 67.9 ± 9.3 69.3 ± 11.0 0.581

Gender 0.846

 Female 20 12 8

 Male 47 27 20

TNM stage 0.289

 I + II 29 19 10

 Advanced 
[III + IV]

38 20 18

LN metas-
tasis

0.294

 No 24 16 8

 Yes 43 23 20

Distal metas-
tasis

0.368

 No 58 35 23

 Yes 9 4 5

HP infection 0.469

 No 23 12 11

 Yes 44 27 17

CD4 0.777

 Low 42 25 17

 High 25 14 11

FoxP3 0.982

 Low 36 21 15

 High 31 18 13
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(1:100, Sigma-Aldrich® Life Science, St. Louis, MO) at 
4 °C overnight and were subsequently washed three times 
for 3 min with PBS, and then, the samples were detected 
with a Super Sensitive™ Polymer-HRP IHC Detection 
System (BioGenex, Fremont, CA) according to the manu-
facturer’s protocol, and the slides were counterstained with 
hematoxylin before mounting. Formalin-fixed and paraffin-
embedded tissue samples were also examined with double-
staining immunohistochemistry using rabbit polyclonal 
antibody anti-Helios and mouse monoclonal anti-FOXP3 
(1:100, ab20034, Abcam, Cambridge, UK). The detection 
system utilized the Mouse/Rabbit Double Stain Kit (with 
AEC/HRP Green, TADS03A, BIOTnA). After the reac-
tion of double-staining immunohistochemistry, the Helios 
signal presented a brown color and the FOXP3 signal pre-
sented a green color in the tissue samples.

The intensity, percentage and subcellular localization 
of the immunohistochemical staining of each case were 
recorded. The intensity of staining was recorded as 0, 1, 
2, and 3 referring to negative, weak, moderate and strong 
staining, respectively. The percentages of positive cells 
were recorded from 0 to 100  %. The results of staining 
were scored using a quick (Q) score, which was obtained 
by multiplying the percentage of positive cells [P] by the 
intensity [I] (Q  =   P  ×   I; maximum  =   300) (Charafe-
Jauffret et al. 2004). One pathologist evaluated the results 
of immunohistochemical staining without knowledge of the 
clinicopathologic data.

For the Helios expression, the optimal cutoff points of 
the Q scores were determined using X-Tile 3.6.1 software, 
as previously described (Camp et  al. 2004). The program 
calculated the Chi-square values at all possible divisions 
based on the log-rank test for Kaplan–Meier estimates. The 
cutoff points of the Q scores with the highest Chi-square 
values were 160 and 60 for Helios in tumor cells and stro-
mal leukocytes, respectively.

For CD4+ lymphocytes in the tumor stroma, 50 % was 
used as a cutoff value. For FOXP3+ lymphocytes in the 
tumor stroma, cases with more than 1  % of the positive 
cells were classified as positive. The others were classified 
as negative.

Extraction of RNA and quantitative RT‑PCR

RNA extraction was performed using the TRizol reagent 
(Invitrogen, Carlsbad, CA) according to the manufactur-
er’s protocol. For removing the potential contaminating 
DNA from the complementary DNA, 1 μg of total RNA 
was treated with DNase I (Amplification Grade, Invitrogen) 
prior to reverse transcription. First-strand cDNA synthesis 
was carried out using MMLV High-Performance Reverse 
Transcriptase (Epicentre, Chicago, IL). The real-time PCRs 
were performed on an ABI Step-One real-time PCR system 

(Applied Biosystems, Foster City, CA). The primer of ikzf2  
was GCGAGGTGGCTGACAACAG and CGTTCACCAG 
TGTGACTCCTTTT, and GAPDH was the internal control. 
The relative gene expression was determined by comparing 
the threshold cycle of the test gene against the Ct value of 
GAPDH in a given sample (i.e., through the comparative Ct 
method).

Statistical analysis

The Mann–Whitney test was used to assess the associations 
between the RNA expression and IHC score of Helios. 
The Kaplan–Meier method was used to construct the over-
all survival curves, and a log-rank test was used to assess 
the significance of differences in survival. All statistical 
analyses were performed using SPSS software version 18.0 
(SPSS, Inc., Chicago, IL) or GraphPad Prism 6 (GraphPad 
Software, Inc., San Diego, CA). P < 0.05 was considered 
statistically significant.

Results

Helios was expressed in both cancer cells 
and tumor‑infiltrated lymphocytes

To detect the infiltrated lymphocytes in gastric cancer 
expressed with Helios, we performed an immunohisto-
chemistry stain by the anti-Helios antibody in gastric can-
cer samples (Fig. 1). The Helios was expressed in the infil-
trated lymphocytes in the gastric cancer samples (Fig. 1a, 
brown, some of them indicated by arrow). To investigate 
whether the Helios expression lymphocytes were regula-
tory T cells, we performed double staining by using anti-
Foxp3 (green) and anti-Helios (brown, arrow) in gastric 
cancer samples. There are many cells with positive staining 
including both Foxp3 and Helios in the infiltrated lympho-
cytes (Fig.  1b, arrow head). Strikingly, we found that not 
only were the tumor-infiltrated lymphocytes expressed with 
Helios, the gastric tumor cells (Fig. 1c) and adjacent nor-
mal cells (Fig. 1d) were also positive staining with Helios. 
The relative RNA expression was higher in adjacent normal 
tissues over gastric cancer tissues (Fig. 1e, P < 0.05). Also, 
the higher protein expression of Helios was found in adja-
cent normal tissues according to the immunohistochemical 
staining score (Fig. 1f, P < 0.001).

Helios expression in gastric tumor cells was associated 
with survival in gastric cancer and especially 
in Helicobacter pylori‑infected patients

Sixty-seven gastric tumor patients were divided into a 
high Helios expression group (N =  39) and a low Helios 
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expression group (N = 28) according to immunohistochem-
istry stain. There were no significant differences between 
these two groups in age, gender, cancer TNM stage, lymph 
nodule metastasis, distal metastasis, Helicobacter pylori 
(HP) infection, tumor-infiltrated CD4 T cell expression 
and tumor-infiltrated FoxP3+ T expression (Table  1). 
A Kaplan–Meier survival analysis revealed significantly 

better median overall survival in the high Helios expression 
group than in the low Helios expression group (50.7 ± 3.2 
vs. 34.1 ± 4.9 months; log-rank test, P = 0.015, Fig. 2a).

The Helicobacter pylori infection is the most important 
risk factor for gastric malignancies. To explore the expres-
sion level of the Helios protein in different H. pylori infec-
tion conditions, we examined the survival curve between 

Fig. 1   Immunohistochemical stains and the RNA expressions in 
gastric tumor. a Representative immunohistochemical staining of 
the infiltrated lymphocytes was stained with anti-Helios antibody 
(arrow). b Immunohistochemical staining of Helios (nuclear, brown 
color, white arrow) and Foxp3 (green color, arrow head) in infiltrated 

lymphocytes was indicated. The Helios expression (brown) was both 
detected in gastric tumor (c) and adjacent normal (d). e The Helios 
mRNA levels were determined by real-time PCR. f The IHC score of 
Helios expression in tumor and adjacent normal tissue from gastric 
tumor patients. Scale bar in a, c, d is 50 uM, and in b is 10 uM
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different HP-infected subgroups. In the subgroup of HP-
infected gastric cancer patients, a high Helios expres-
sion group showed a significantly better survival rate 
than in the low Helios expression group (51.1 ±  3.5 vs. 
30.4  ±  5.1  months; log-rank test, P  =  0.007, Fig.  2b). 
However, in HP-negative patients, the expression level of 

Helios in gastric cancer did not show differences in the 
survival curve (44.0 ± 7.5 vs. 34.3 ± 8.0 months; log-rank 
test, P  =  0.479, Fig.  2c). In a multivariate analysis, the 
hazard ratio for the overall survival rate between the high 
Helios and the low Helios was 2.78 (Table 2, 95 % confi-
dence interval [CI], 1.09–7.09; P =  0.032). Other factors 
included tumor-infiltrated CD4 T cell levels, tumor-infil-
trated FoxP3+ T cell levels, the cancer TNM stage, lymph 
node metastasis, distant metastasis and the HP infection, 
which did not show statistical significance in overall sur-
vival (Table 2).

Helios expression was an independent factor 
for survival in advanced gastric cancer patients

We also analyzed the effects of Helios expression in the 
early and advanced cancer TNM stages in overall survival. 
The Kaplan–Meier survival analysis revealed that a high 
Helios expression is a significantly preferred prognos-
tic factor for median overall survival than for low Helios 
expression in advanced gastric cancer patients (42.1 ± 5.5 
vs. 23.2 ± 4.8 months; log-rank test, P = 0.043, Fig. 3a) 
but not in early cancer stage patients (56.4  ±  4.0 vs. 
49.4 ± 6.4 months; log-rank test, P = 0.420, Fig. 3b). In 
the subgroup study of advanced gastric cancer patients, 
there was no significant difference of patient characteris-
tics in age, gender, distant metastasis, HP infection, tumor-
infiltrated CD4 T cells and tumor-infiltrated FoxP3+ T 
cells (Table 3). In a multivariate analysis, the hazard ratio 
for overall survival among the high Helios subjects versus 
the low Helios subjects was 2.85 in advanced gastric cancer 
patients (Table 4, 95 % confidence interval [CI], 1.00–8.13; 
P = 0.05). Other factors included the tumor-infiltrated CD4 
T cells, the tumor-infiltrated FoxP3+ T cells, distant metas-
tasis and HP infection, which did not show statistical sig-
nificance in overall survival.

Fig. 2   Kaplan–Meier curves and log-rank test results for the overall 
survival of the patients with gastric cancer based on the expression 
of Helios in tumor tissues. a Kaplan–Meier curves of overall survival 
of gastric cancer patients obtained by the expression of Helios. The 
test resulted in a P value of <0.05. b Kaplan–Meier curves of overall 

survival of HP-positive gastric cancer patients obtained by the expres-
sion of Helios. The test resulted in a P value <0.01. c Kaplan–Meier 
curves of overall survival of HP-negative gastric cancer patients 
obtained by the expression of Helios. It did not show significant dif-
ferences

Table 2   Association between hazard rate and risk factors based on 
the Cox model in gastric cancer patients

Risk factors Hazard ratio [95 % CI] P

Helios 0.032

 Low 2.78 [1.09–7.09]

 High 1

Gender 0.341

 Male 2.32 [0.41–13.06]

 Female 1

TMN stage 0.083

 Advanced 5.29 [0.81–34.81]

 I + II 1

LN metastasis 0.870

 No 1.19 [0.15–9.35]

 Yes 1

Distant metastasis 0.840

 No 1.13 [0.35–3.69]

 Yes 1

HP infection 0.258

 No 2.58 [0.50–13.33]

 Yes 1

CD4 0.499

 Low 2.00 [0.69–5.81]

 High 1

FoxP3 0.607

 Low 1.65 [0.58–4.67]

 High 1
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Discussion

In this study, we demonstrated that Helios expression in 
gastric tumor cells was an independent factor for survival 
in gastric cancer patients (Table 2; Fig. 2). We also found 
that the correlation with survival was especially evident in 
those Helicobacter pylori-infected patients (Fig.  2b) and 

advanced gastric cancer patients (Fig. 3a). In our results, it 
showed that higher expression of Helios in gastric cancer 
cells yielded better survival.

Helios belongs to the Ikaros family, which is character-
ized by a highly conserved C2H2 zinc finger DNA-binding 
domain near the N terminus and a second zinc finger pro-
tein–protein interaction domain in the C terminus (John 
and Ward 2011; Rebollo  and Schmitt 2003). Ikaros is the 
founding member of this family. It is expressed in most 
hematopoietic cells, whereas Helios is expressed primarily 
in T-lineage cells and early multipotential precursor cells 
(Kelley et al. 1998; Hahm et al. 1998). Over-expression of 
short isoforms of either Ikaros or Helios was found in leu-
kemia and is sufficient to perturb lymphocyte homeostasis 
(Fujii et al. 2003). The abnormal splicing or loss of Helios 
expression appears as a part of the advantage of cell growth 
and survival in adult T cell leukemia (Asanuma et al. 2013). 
In recent reports, it was found that there was frequent 
intragenic deletion of ikzf2, which is the gene of Helios 
in the adult T cell leukemia/lymphoma (Kataoka et  al. 
2015). There are papers that report that mutation of these 
proteins can contribute to leukemogenesis and lymphom-
agenesis (Rebollo and Schmitt 2003; Dovat et  al. 2005). 
Thus, it has been shown that they have tumor-suppressor 
characteristics, although the research studies are focusing 
on the hematopoietic lineages. The gene regulation mecha-
nisms of these transcription factors are complex. In recent 
reports, it indicated that Helios regulated IL-2 production 
in regulatory T cells by suppressing IL2 gene transcrip-
tion through histone deacetylation in IL2 promoter (Baine 
et al. 2013). Furthermore, they can also interact with other 
transcription factors to modulate their functions. Helios 
interacts with Foxp3 to enhance the foxp3 inhibitory func-
tions in vitro and in vivo (Takatori et al. 2015; Getnet et al. 
2010). Except for the hematopoietic cells or T cell lineage, 

Fig. 3   Kaplan–Meier curves and log-rank test results for the over-
all survival of the patients with advanced gastric cancer based on 
the expression of Helios in tumor tissues. a Kaplan–Meier curves 
of overall survival of advanced-stage (T3+T4) gastric cancer 

patients obtained by the expression of Helios. The test resulted in a 
P value <0.05. b Kaplan–Meier curves of overall survival of lower-
stage (T1+T2) gastric cancer patients obtained by the expression of 
Helios. It did not show significant differences

Table 3   Characteristics of advanced gastric cancer patients based on 
Helios presentation

High (N = 20) Low (N = 18) P

Age 66.4 ± 11.6 69.2 ± 11.7 0.450

Gender 0.386

 Female 7 4

 Male 13 14

T stage 0.336

 T1 + T2 1 0

 T3 + T4 19 18

LN metastasis 0.336

 No 1 0

 Yes 19 18

Distal metastasis 0.573

 No 16 13

 Yes 4 5

HP infection 0.469

 No 7 7

 Yes 13 11

CD4 0.208

 Low 14 9

 High 6 9

FoxP3 0.782

 Low 12 10

 High 8 8
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Helios is expressed by a small population of nestin-positive 
neural progenitor cells as well as by a larger population of 
immature neurons distributed throughout the mantle zone 
(Martin-Ibanez et al. 2012).

In our results, we found that high Helios expression 
is a significant better prognostic factor in gastric cancer 
patients, especially in H. pylori-infected and advanced gas-
tric cancer patients. H. pylori infection is the major factor 
for gastric carcinogenesis. There are many factors involved 
after H. pylori infection including bacterial virulence, host 
genetic, immune responses and environmental factors. 
These factors interact with each other and elicit variable 
clinical outcomes over a time span of decades. It is still 
to be investigated whether the infection will perturb the 
Helios expression in gastric cancer patients.

In conclusion, our present study revealed a novel aspect 
of Helios expression in gastric cancer patients. The Helios 
expression was an independent factor for survival in gas-
tric cancer patients, especially in advanced gastric cancer 
patients. A high Helios expression is a significantly better 
prognostic factor for median overall survival than low a 
Helios expression.
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