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Ikaros is heterogeneously
expressed in lung
adenocarcinoma and is
involved in its progression
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Abstract

Objective: The aim of the present study was to assess the expression of the Ikaros transcription

factor (IKZF1) in lung adenocarcinoma and investigate whether expression levels of Ikaros are

correlated with lung adenocarcinoma progression.

Methods: We conducted a retrospective study of 325 cases of resected stage I pulmonary

adenocarcinoma, in which histological subtyping was performed according to the 2015 World

Health Organization classification. We performed immunohistochemical examinations to assess

expression of Ikaros in pulmonary adenocarcinomas and evaluated the correlation between

Ikaros expression and cancer progression.

Results: Immunohistochemical staining was heterogeneous, with the majority of well-

differentiated and moderately differentiated lung adenocarcinomas being weakly positive and

the majority of the poorly differentiated lung adenocarcinomas exhibiting strong positive staining.

Higher expression of Ikaros was associated with tumor recurrence or metastasis.

Conclusions: Ikaros is heterogeneously expressed in different subtypes of lung adenocarcinoma;

higher expression of Ikaros was found to be associated with cancer progression.
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Introduction

Ikaros (IKZF1) is a member of the Kruppel

family of zinc finger transcription factors
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and it is encoded by the IKZF1 gene. The
IKZF1 gene comprises eight exons and can
generate multiple Ikaros isoforms by alter-
native splicing of exons 3 to 5.1,2 Ikaros was
originally found to play a pivotal role in
regulating the differentiation of lympho-
cytes, hematopoietic stem cells, and some
myeloid cells.3–6 Subsequent studies
revealed that Ikaros was also expressed in
several other organs and tissues, including
lung, liver, prostate, brain, heart, colon,
ovary, thymus, mammary gland, bone
marrow, and intestine, but the role of
Ikaros in these organs and tissues was
unclear. A recent study demonstrated that
Ikaros may be associated with the progno-
sis of certain types of cancer, including
colorectal, ovarian, and bladder cancers.7

The above mentioned results suggest that
Ikaros may play an important role in devel-
opment or progression of solid tumors.
However, the expression and function of
Ikaros in these cancers have not been exten-
sively investigated.

Lung cancer is the leading cause of
cancer-related mortality worldwide, and
adenocarcinoma is currently the most
common histological subtype, accounting
for almost half of all lung cancers.8 To
date, very few studies have investigated the
expression and functional role of Ikaros in
lung cancers. The aim of the present study
was to examine the expression of Ikaros in
lung adenocarcinoma and to analyze the
association between Ikaros expression and
clinicopathological characteristics such as
tumor recurrence and distant metastasis.

Patients and methods

Ethical approval

The protocol of the present study was
approved by the Ethics Committee of
Soochow University, Changzhou, China.
Verbal informed consent was obtained
from participants in the study.

Patients

We evaluated a retrospective series of

patients with resected stage I lung adeno-

carcinomas (n¼ 325) who had received no

preoperative treatment. Patient information

was retrieved from the database of the First

People’s Hospital of Changzhou, China,

between 2010 and 2015. All patients were

required to have a diagnosis of primary

lung adenocarcinoma and were confirmed

to have no distant metastases by computed

tomography and radionuclide bone scan-

ning before surgery. Patients with mucinous

adenocarcinoma and colloid adenocarcino-

ma were excluded because the number of

cases with these two subtypes was very lim-

ited. The follow-up period ranged from 6 to

110 months. Clinical data, including age,

sex, tumor recurrence, and distant metasta-

sis, were obtained from detailed prospective

clinical databases. Clinical staging was per-

formed according to the eighth edition of

the American Joint Committee on Cancer

TNM Staging Manual for lung cancers.9

Histological evaluation

All resected specimens were routinely fixed

in 10% formalin and stained with hematox-

ylin and eosin. The location, number, and

size of the tumors were recorded as reported

in the original pathology report. The slides

were evaluated microscopically for histo-

logical patterns by two pathologists accord-

ing to the 2015 World Health Organization

(WHO) lung adenocarcinoma classification

system. Comprehensive histological evalua-

tion was performed in each tumor, record-

ing the percentage of each histological

component in five-percentage-point incre-

ments, totaling 100% for a tumor.10,11

Tumors were classified by their predomi-

nant morphological percentage as follows

(Figure 1): (1) adenocarcinoma in situ; (2)

minimally invasive adenocarcinoma

(<5mm); and (3) invasive adenocarcinoma,

2 Journal of International Medical Research



which was further subdivided into acinar-,
papillary-, micropapillary-, and solid-
predominant subtypes.12

Immunohistochemical examination

Immunohistochemical studies were per-
formed on 4-lm-thick sections from
formalin-fixed and paraffin-embedded tissue
blocks. The sections were deparaffinized and
subjected to antigen retrieval. The tissue sec-
tions were then incubated with rabbit poly-
clonal anti-Ikaros antibody (1:100, Santa
Cruz Biotechnology Inc., Santa Cruz, CA,
USA). All slides were stained on a
Benchmark Autostainer (Ventana Medical
System, Tucson, AZ, USA) with the
EnVision detection system (Dako,
Glostrup, Denmark). Unequivocal nuclear
staining in >10% of the tumor cells was
defined as a positive response. Nuclear stain-
ing for Ikaros was graded as weak or strong.

Statistical analysis

Differences in recurrence or distant metas-

tasis between different expression levels of

Ikaros in lung adenocarcinoma were evalu-

ated using the Chi-square test. Survival rate

was estimated by the Kaplan–Meier

method. Comparisons were made using

the log-rank Mantel–Cox test. All statistical

analyses were performed using SPSS for

Windows, version 17.0 (SPSS Inc.,

Chicago, IL, USA). P< 0.05 was consid-

ered to indicate a statistically significant

difference.

Results

Clinicopathological characteristics

The clinicopathological characteristics,

including age, sex, histological subtype,

and stage are summarized in Table 1.

Figure 1. Histological subtypes of lung adenocarcinoma. (A) Adenocarcinoma in situ (well differentiated);
(B) minimally invasive adenocarcinoma (well differentiated); (C) acinar-predominant (moderately differen-
tiated); (D) papillary-predominant (moderately differentiated); (E) micropapillary-predominant (poorly dif-
ferentiated); (F) solid-predominant (poorly differentiated).
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The cohort included 212 women (65%) and
113 men (35%), with a mean age of 62 years
(range, 26–88 years). In total, 219 of the
tumors (67%) were located in the right
lung and 106 (33%) in the left lung.
According to the 2015 WHO classification,
the majority of the cases were classified as
mixed subtype. Six cases of adenocarcino-
ma in situ and 15 cases of minimally inva-
sive adenocarcinoma were nonmucinous.
A total of 137 cases were acinar-
predominant, which was the most
common histological subtype, followed by
83 cases of solid-predominant, 66 cases of
papillary-predominant, and 18 cases of
micropapillary-predominant. The majority
of the cases were stage IA (253 cases,
79%) and the remaining 72 cases were
stage IB (21%). The follow-up period
ranged from 3 to 9 years. Sixty-seven
cases of recurrence or distant
metastasis were detected during the
follow-up period.

Immunohistochemical staining

Immunohistochemical results are shown in

Figure 2 and Table 2. Weak positive stain-

ing for Ikaros was observed in normal lung

tissues surrounding the lung tumor.

Significantly higher expression of Ikaros

was observed in most lung adenocarcinoma

tissues compared with that in normal lung

tissues, and significant differences were

observed among the different histological

subtypes. Ikaros was weakly positive in six

cases of adenocarcinoma in situ. All 15

cases of minimally invasive adenocarcino-

ma exhibited weak staining. Among the

acinar-predominant cases, 36 exhibited

strong staining and 101 exhibited weak

staining. Among papillary-predominant

cases, 14 exhibited strong staining and the

remaining 52 exhibited weak

staining. Among solid-predominant cases,

54 exhibited strong staining and 29 exhib-

ited weak staining. Finally, among

micropapillary-predominant cases, 13

exhibited strong staining and 5 exhibited

weak staining.

Correlation between Ikaros expression

and recurrence or distant metastasis of

lung adenocarcinoma

Further analyses demonstrated that Ikaros

expression was significantly higher in

patients with in lung adenocarcinomas

that recurred or metastasized during the

follow-up period. Of the 67 cases of recur-

rence or distant metastasis, 48 exhibited

strong staining and 19 exhibited weak stain-

ing; of the 258 cases without recurrence or

distant metastasis, 69 exhibited strong

staining and 189 exhibited weak staining

(P< 0.001) (Table 3). These data suggest

that Ikaros may be involved in the recur-

rence and metastasis of lung

adenocarcinoma.

Table 1. Characteristics of patients with stage I
lung adenocarcinoma.

Characteristic n (%)

Sex

Female 212 (65)

Male 113 (35)

Mean age at diagnosis (years)

Overall 61

Female 59

Male 64

Histological subtype by the

2015 WHO

Lung

Adenocarcinoma Classification

Adenocarcinoma in situ 6 (2)

Minimally invasive adenocarcinoma 15 (5)

Acinar-predominant 137 (42)

Papillary-predominant 66 (20)

Micropapillary-predominant 18 (6)

Solid-predominant 83 (25)

Stage

IA 253 (79)

IB 72 (21)
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Figure 2. Immunohistochemical staining of Ikaros (IKZF1) in the subtypes of lung adenocarcinoma. Weak
positive staining for Ikaros was observed in (A) adenocarcinoma in situ (well differentiated), (B) minimally
invasive adenocarcinoma (well differentiated), (C) acinar-predominant (moderately differentiated), and (D)
papillary-predominant (moderately differentiated) subtypes; strong positive staining for Ikaros was observed
in (E) micropapillary-predominant (poorly differentiated) and (F) solid-predominant (poorly differentiated)
subtypes.

Table 2. Expression of Ikaros (IKZF1) in the histological subtypes of lung adenocarcinoma.

Histologic subtype No. of cases (%)

Immunohistochemistry (%)

Weak Strong

Adenocarcinoma in situ 6 (2) 6 (2) 0

MIA 15 (5) 15 (5) 0

Acinar-predominant 137 (42) 101 (30) 36 (12)

Papillary-predominant 66 (20) 52 (16) 14 (4)

Micropapillary-predominant 18 (6) 5 (2) 13 (4)

Solid-predominant 83 (25) 29 (9) 54 (16)

MIA¼minimally invasive adenocarcinoma.

Table 3. Correlations among the recurrence or distant metastasis of lung adenocarcinoma and the
expression levels of Ikaros (IKZF1).

Recurrence or distant metastasis No. (%) of cases

Expression level of Ikaros (%)

P-valueStrong Weak

Negative 258 (79) 69 (21) 189 (58) <0.001

Positive 67 (21) 48 (15) 19 (6)
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Association between Ikaros expression

and survival rate of patients with lung

adenocarcinoma

Our data showed a correlation between

Ikaros expression and survival rate of the

patients with lung adenocarcinoma

(Figure 3). The survival curves for patients

whose tumors showed strong expression of

Ikaros were significantly different from

those whose tumors showed weak expres-

sion (P< 0.01).

Discussion

The development of recurrence or distant

metastasis makes lung adenocarcinoma a

fatal tumor, and a significant number of

patients undergoing surgical intervention

ultimately present with recurrence or metas-

tasis. A better understanding of the molec-

ular targets contributing to tumor invasion

and metastasis is crucial for developing

novel therapeutic methods for lung

adenocarcinoma.
Ikaros is a zinc finger transcriptional reg-

ulator, which is essential for normal hema-

topoiesis and the development of lymphoid,

myeloid, and erythroid lineages.13 Although

the majority of studies on Ikaros are limited
to the hematopoietic system, aberrant
expression of Ikaros has been observed in
other tissues and organs.14–18 Ikaros may be
involved in the normal physiological func-
tions of these tissues or organs. Ikaros has
been found to be expressed in several types
of solid cancers, including bladder, breast,
skin, colorectal, ovarian, and lung cancers,7

and the expression of Ikaros may be asso-
ciated with the prognosis of these cancers.

Originally, Ikaros was thought to be a
tumor suppressor, but it was demonstrated
recently that higher expression of Ikaros
was significantly associated with advanced
stage and low differentiation of ovarian
cancer; thus, Ikaros may be involved in
the metastasis and invasion of ovarian
cancer cells.19 Yamamoto et al.16 reported
that Ikaros is involved in the migration and
invasion of extravillous trophoblast in early
placentation.

In the present study, we demonstrated
that expression of Ikaros was heterogeneous
in lung adenocarcinomas. According to the
2015 WHO lung adenocarcinoma classifica-
tion system, adenocarcinoma in situ and
minimally invasive adenocarcinoma are
considered to be well differentiated; acinar-
predominant and papillary-predominant
are considered to be moderately differenti-
ated; and micropapillary-predominant and
solid-predominant are considered to be
poorly differentiated. In our results, com-
pared with the weak positive staining of
Ikaros observed in well- and moderately dif-
ferentiated lung adenocarcinomas, higher
expression of Ikaros was observed in
poorly differentiated lung adenocarcino-
mas. Consistent with the results reported
by Yamamoto et al., 16 our data demon-
strated that Ikaros may be involved in the
migration and invasion of lung adenocarci-
noma cells, thereby resulting in cancer
recurrence or metastasis.

In conclusion, our results demonstrated
that Ikaros is heterogeneously expressed in

Figure 3. Association between Ikaros (IKZF1)
expression and survival rate in patients with stage I
lung adenocarcinomas. Kaplan–Meier curve for
stage I tumors was separated by expression of
Ikaros (P< 0.01; log-rank Mantel–Cox test).
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different subtypes of lung adenocarcinoma
and that higher expression of Ikaros is asso-

ciated with recurrence and metastasis.
Although Ikaros acts as a tumor suppressor

in acute lymphoblastic leukemia,20 it
appears to promote cell invasion and

metastasis in solid tumors. Therefore, the
function of Ikaros may be multidimensional

and the underlying mechanism requires fur-
ther investigation.
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