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Abstract: The IASLC/ATS/ERS classification system was proposed in 2011 to improve the histological subtypes of
lung adenocarcinoma, while the prognostic value of the combination of histological predominant subtypes is not
consistent. IMP3 is an oncofetal protein which has been proved associated with aggressive tumor behavior in malig-
nancies, but few reports were investigated in lung adenocarcinoma. The aim of this study is to explore the prognostic
value of the IASLC/ATS/ERS classification and IMP3 expression in lung adenocarcinoma of Chinese cases. A total
of 196 cases were classified according to the IASLC/ATS/ERS classification system and immunohistochemically
analyzed by using a monoclonal antibody against IMP3. Univariate survival analysis indicated patients with solid-
predominant subtype had shorter disease-free survival (P = 0.003) and overall survival (P = 0.014) compared to
those with non-solid predominant subtype. Multivariate survival analysis revealed that solid-predominant subtype
could be an independent prognostic factor for disease-free survival (HR: 1.22, 95% ClI: 1.05-1.41; P = 0.008).
Analysis of IMP3 expression showed that IMP3 was more frequently overexpressed in tumors with advanced pTNM
stage (P < 0.001), larger tumor size (P = 0.036), poorer histological differentiation (P < 0.001), lymph node me-
tastasis (P < 0.001), and solid-predominant subtype (P < 0.001). Survival analysis also confirmed that patients in
IMP3 high-expression group had both worse disease-free survival (P = 0.039) and overall survival (P = 0.029) than
those in IMP3 low-expression group. Our results illustrated that solid-predominant subtype according to the IASLC/
ATS/ERS classification is an independent prognostic factor, and IMP3 overexpression is associated with aggressive
tumor behavior and poor clinical outcome in lung adenocarcinoma.
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Introduction ria is in urgent need for lung adenocarcinoma to
achieve more personalized treatment and bet-

Lung cancer is the leading cause of cancer ter therapeutic effect.

mortality with high incidence all over the world.

Although the overall incidence of lung cancer is
falling in western countries, it still remains the
biggest cause of cancer mortality [1, 2]. In
China, the mortality rate caused by lung cancer
has taken the first place of all the malignancies
and shown increasing trend in both urban and
rural areas [3]. In recent decades, the most
common histological type of non-small cell lung
carcinoma (NSCLC) is lung adenocarcinoma,
accounting for 70% of NSCLC and nearly half of
all lung carcinoma [4]. Due to the considerable
heterogeneity, a histological classification crite-

In 2011, the International Association for the
Study of Lung Cancer (IASLC), the American
Thoracic Society (ATS), and the European
Respiratory Society (ERS) proposed a new clas-
sification system for lung adenocarcinoma [5].
Recently, quite a few of studies have demon-
strated prognostic value of the new IASLC/ATS/
ERS classification in both Caucasian and Asian
populations [4, 6-11]. However, the prognostic
value of the combination of histological pre-
dominant subtypes is not consistent, and still
remains for further study.
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Insulin-like growth factor Il mMRNA-binding pro-
tein 3 (IGF2BP3/IMP3), also known as L523S
or KOC (K homology domain containing protein
overexpressed in cancer), is a member of the
insulin-like growth factor Il (IGF-1l) mRNA-bind-
ing protein (IMP) family, which is composed of
IMP1, IMP2, and IMP3 [12]. IMP family mem-
bers play a pivotal role in RNA trafficking and
stabilization, cell growth, and cell migration
during embryogenesis [13]. As an oncofetal
protein, IMP3 is normally expressed during
embryonic development and then re-expressed
in cancers. IMP3 promotes tumor cell prolifera-
tion through an insulin-like growth factor
ll-dependent pathway [14], and having a major
influence on tumor cell invasion as well [15].
IMP3 re-expressed is widely detected in a vari-
ety of malignancies, which is also associated
with aggressive biological behavior of tumors
and poor survival of patients, including in renal
cell carcinoma, cervical carcinoma, breast car-
cinoma, colorectal adenocarcinoma, hepato-
cellular carcinoma, intrahepatic cholangiocarci-
noma, thyroid carcinoma, tongue carcinoma,
urothelial carcinoma of the bladder, gastric
adenocarcinoma, and prostate carcinoma
[16-26].

Although there are numerous reports confirm-
ing the relationship between IMP3 expression
and malignancies, few studies investigated
IMP3 expression in lung carcinomas, let alone
lung adenocarcinoma. The published studies
have demonstrated that IMP3 expression is
associated with advanced stage of disease,
higher histologic grade, lymph node metasta-
sis, distant metastasis and solid histological
pattern in lung carcinomas [27-31].

The aim of our study was to explore the prog-
nostic significance of the new IASLC/ATS/ERS
classification system and IMP3 expression in
patients with completely resected stage | to lll
invasive lung adenocarcinoma.

Materials and methods
Patients

From January 2007 to December 2012, all
patients diagnosed and then underwent com-
plete resection of lung adenocarcinoma in
Fudan University Shanghai Cancer Center were
reviewed. The use of human lung adenocarci-
noma specimens was approved by the institu-
tional review board of Fudan University
Shanghai Cancer Center. Inclusion criteria cov-
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ered that 1) Primary invasive lung adenocarci-
noma which had been proved by pathological
examination after complete resection; 2) Age <
80 years; 3) pTNM stage: from stage | to stage
Ill; 4) Patients who were included in survival
analysis had been followed up over 16 months
(Death or tumor recurrence was occurred in at
least 1/3 cases). A total of 243 patients were
eligible for this study. Clinical features (includ-
ing gender, age, clinical stage, and survival
data) of all patients were available. Tumor stage
was determined according to the 7th Revision
TNM Classification [32].

Histological classification

Resected specimens were formalin fixed and
stained with hematoxylin and eosin, and all
slides were independently evaluated by two
pathologists. The IASLC/ATS/ERS classification
for lung adenocarcinoma was used for histo-
logical classification. Each case was reviewed
by using comprehensive histological subtyping,
and the percentage of each histological compo-
nent was recorded semi-quantitatively in 5%
increments. Repeated examination was used
to resolve discrepancies in assessment of his-
tological subtype between the two patholo-
gists. A few patients with invasive mucinous
adenocarcinoma were excluded from analysis
because the IASLC/ATS/ERS criteria suggested
that patients with specific variant subtypes
should be separated from patients with inva-
sive adenocarcinoma [5]. Cases with two (or
even more) types of histological predominant
patterns with similar percentages were also
excluded from analysis. Ultimately, the remain-
ing 196 patients were enrolled in our study.

Immunohistochemical analysis

In all cases, immunohistochemical tests were
performed on 5-um-thick formalin-fixed, paraf-
fin-embedded tissue sections using a rabbit
monoclonal antibody against IMP3 (clone
EPR5111; Abcam; dilution 1:100). Each section
was deparaffinized in a series of xylene baths
and then rehydrated using a graded alcohol
series. Sections were subjected to 5 min
steam-heat-induced epitope retrieval in pres-
ence of 10 mM sodium citrate buffer (pH 6.0),
and incubated overnight with primary anti-IMP3
antibody at 4°C. Tissues were then incubated
with a biotinylated anti-rabbit secondary anti-
body. The avidin-biotin complex/HRP (ABC/
HRP) was used along with DAB chromogen to
visualise protein expression, and hematoxylin
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Table 1. Association between the IASLC/ATS/ERS classification and clinicopathologic variables

Variables Numl?ers of Lepid.ic Acin:';\r Papillgry Micropapillary Soliq pvalue
patients predominant predominant predominant predominant predominant
Numbers (%) 196 14 (71%) 105 (53.6%) 30 (15.3%) 6  (3.1%) 41 (20.9%)
Age (years, mean + SD) 57.8+8.9 61.2+10.7 58.3+7.8 57.7+10.3 56.0+140 559%9.0 0.48
Gender
Male 118 7 (50.0%) 56 (53.3%) 18 (60.0%) 5 (83.3%) 32 (78.0%) 0.05
Female 78 7  (50.0%) 49 (46.7%) 12 (40.0%) 1 (16.7%) 9 (22.0%)
Differentiation
Well 19 (50.0%) 8 (7.6%) 4 (13.3%) O  (0.0%) 0 (0.0%) <0.001
Moderate 102 (50.0%) 70 (66.7%) 20 (66.7%) 2 (33.3%) 3 (7.3%)
Poor 75 (0.0%) 27 (25.7%) 6 (20.0%) 4 (66.7%) 38 (92.7%)
pTNM stage
| 87 13 (92.9%) 51 (48.6%) 10 (33.3%) O  (0.0%) 13 (31.7%) 0.001
I 41 1 (7.1%) 17 (16.2%) 8 (26.7%) 4 (66.7%) 11 (26.8%)
1]l 68 (0.0%) 37 (35.2%) 12 (40.0%) 2 (33.3%) 17 (41.5%)
T stage
1 72 11 (78.6%) 41 (39.0%) 8 (26.7%) 1 (16.7%) 11 (26.8%) 0.004
2 103 3 (21.4%) 55 (52.4%) 17 (56.7%) 4 (66.7%) 24 (58.5%)
3 17 0 (0.0% 6 (5.7% 4 (13.3%) 1 (16.7%) 6 (14.6%)
4 4 0 (0.0% 3 (29%) 1 (33% 0 (0.0%) 0 (0.0%)
N stage
0 102 13 (92.9%) 56 (53.3%) 15 (50.0%) 2 (33.3%) 16 (39.0%) 0.015
1 30 1 (7.1%) 15 (14.3%) 3 (10.0%) 2 (33.3%) 9 (22.0%)
2 60 0 (0.0% 32 (30.5%) 12 (40.0%) 2 (33.3%) 14 (34.1%)
3 4 0 (0.0% 2 (19%) O (0.0% O (0.0%) 2 (4.9%)

for counter-staining. Adjacent normal-appear-
ing bronchial epithelium within each tissue sec-
tion served as an internal reference. IMP3 is
known to exhibit a predominantly cytoplasmic
staining. All sections were independently evalu-
ated by two pathologists using a semi-quantita-
tive system based on the H-index [33, 34]: 3 x
percentage of strongly staining cells + 2 x per-
centage of moderately staining cells + percent-
age of weakly staining cells, giving “composite
scores” that ranged from O to 300. All the cases
were classified by the composite scores. Cases
with the scores of 0 to 100 were interpreted as
negative/mildly positive, 101 to 200 as moder-
ately positive, and 201 to 300 as strongly
positive.

Statistical analysis

Statistical calculations were performed using
the Statistical Package for the Social Sciences
(SPSS) software (version 20). Categorical vari-
ables were compared by the Pearson’s chi-
square test, while continuous variables were
compared by the independent-sample t test.
The prognostic influence of variables was eval-
uated by Kaplan-Meier method and log-rank
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test in univariate survival analysis. Multivariate
survival analysis was performed with the Cox
proportional hazards model to evaluate the
independent prognostic factors for lung adeno-
carcinoma. A two-sided p value of less than
0.05 was considered to be statistically
significant.

Results

Association between IASLC/ATS/ERS classifi-
cation and clinicopathologic variables

Mean age of the 196 patients when undergoing
complete resection was 57.8 + 8.9 years (mean
+ SD), and 118 (60.2%) cases were male while
78 (39.8%) cases female. According to the
IASLC/ATS/ERS classification, acinar-predomi-
nant subtype was the most common (105
cases, 53.6%), followed by the solid-predomi-
nant (41 cases, 20.9%), papillary-predominant
(30 cases, 15.3%), lepidic-predominant (14
cases, 7.1%) and micropapillary-predominant
(6 cases, 3.1%). All of the lepidic-predominant
cases were distributed in well/moderate histo-
logical differentiation, T1-T2, NO-N1, and pTNM
stage I-lll. Pairwise comparison showed the
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Table 2. Univariate analysis for disease-free survival and over-

while 31 (32.3%) patients died.
The mean disease-free survival

all survival
_ Numbers  5-year 5-year (DFS) was 32.0 months (95% CI:
Variables (%) DEs Pvalue oo pvalue 26.9-37.1), and the mean overall
Age survival (0S) was 45.8 months
<55 40 (41.7%) 19.1% 0.405 36.2% 0.166 (95% CI: 40.7-50.9).
>55 56 (58.3%) 24.4% 61.9% Univariate survival analysis (Table
Gender 2) indicated that histological dif-
Male 52 (54.2%) 16.8% 0.705 43.0% 0.420 ferentiation, pTNM stage and N
Female 44 (45.8%) 29.7% 66.9% stage were significant prognostic
Differentiation factors for DFS (P = 0.019, P <
Well/moderate 58 (60.4%) 39.8% 0.019 69.7% 0.023 0.001, P = 0.001, respectively)
Poor 38 (39.6%) 0.0% 37.5% and 0S (P = 0.023, P < 0.001,
. ) P < 0.001, respectively). Kaplan-
Histological subtype Meier survival curves overlapped
Non-solid 75 (78.1%) 29.2% 0.003 60.5% 0.014 according to the five histological
Solid 21 (21.9%) 16.9% 29.6% subtypes of invasive lung adeno-
PTNM stage carcinoma (Figure 1A and 1B).
| 28 (29.2%) 49.9% <0.001 87.8% < 0.001 Therefore, we divided them into
111 68 (70.8%) 11.7% 38.4% two groups of solid-predominant
T stage subtype and non-solid predomi-
1.2 84 (87.5%) 26.7% 0.274 57.7% 0.492 hant subtype as reported by
3.4 12 (12.5%) 20.8% 33.3% Yanagawa et al. [35]. The resglt
revealed that patients with solid-
N stage .
0 36 (37.5%) 46.1% 0.001 84.9% <0.001 predominant subtype had shorter
DFS (P = 0.003) and 0S (P =
21 60 (62.5%) 11.3% 33.4% 0.014) compared to those with
IMP3 expression non-solid predominant subtype
Low 53 (55.2%) 35.2% 0.039 64.8% 0.029 (Figure 1C and 1D).
High 43 (44.8%) 0.0% 40.9%

lepidic-predominant subtype was significantly
different from the other subtypes in histological
differentiation, pTNM stage, T stage and N
stage, which implied lepidic-predominant sub-
type was tent to associate with small tumor
size, well histological differentiation, early
pTNM stage and non-metastatic regional lymph
nodes.

Correlation of the five histological patterns with
clinicopathologic variables was showed in Table
1, which revealed the considerable differences
in histological differentiation (P < 0.001), pTNM
stage (P = 0.001), T stage (P = 0.004) and N
stage (P =0.015).

Association between IASLC/ATS/ERS classifi-
cation and clinical outcome of lung adenocar-
cinoma

The range of follow-up time for all patients was
16.5 to 69.0 months. During the five-year fol-
low-up after complete resection, 56 (58.3%)
patients suffered from relapse or metastasis,
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Multivariate survival analysis (Ta-
ble 3) showed both the IASLC/
ATS/ERS classification (solid-predominant vs.
non-solid predominant) and pTNM stage were
statistically significant predictors of DFS (HR:
1.22, 95% CI: 1.05-1.41, P = 0.008; HR: 3.26,
95% Cl: 1.59-6.70, P = 0.001), while only the
pTNM stage was the independent prognostic
factor for OS (HR: 8.11, 95% Cl: 1.92-34.23; P
= 0.004).

Association between IMP3 expression and
clinicopathologic variables

IMP3 protein exhibited a predominantly cyto-
plasmic staining in lung adenocarcinoma tis-
sue, which was not observed in normal tissue
of lung, including pneumocytes and other types
of stromal cells [31]. We divided 196 cases into
IMP3  high-expression (moderately/strongly
positive) group and IMP3 low-expression (nega-
tive/mildly positive) group (Figure 2).

According to Table 4, the overall percentages of
IMP3 high-expression and low-expression were
42.4% (83/196) versus 57.6% (113/196).

Am J Cancer Res 2015;5(7):2266-2276
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Figure 1. Kaplan-Meier survival curves for disease-free survival and overall survival. A, B: Kaplan-Meier survival
curves overlapped according to the five histological subtypes of invasive lung adenocarcinoma. C, D: Solid-predom-
inant subtype was associated with shorter disease-free survival (P = 0.003) and overall survival (P = 0.014) com-
pared with non-solid predominant subtype. E, F: High-expression of IMP3 was associated with worse disease-free
survival (P = 0.039) and overall survival (p = 0.029) in lung adenocarcinoma.

Mean age of patients with IMP3 high-expres-
sion was 57.4 + 9.5 years, while low-expression
was 58.1 + 8.4 years. IMP3 high-expression
was most common seen in cases with pTNM
stage lll (70.6%), T4 (75.0%), N3 (100%), poor
histological differentiation (72.0%) and solid-
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predominant subtype (78.0%). There were sig-
nificant differences between IMP3 high-expres-
sion group and low-expression group in histo-
logical differentiation (P < 0.001), the IASLC/
ATS/ERS classification subtypes (P < 0.001),
pTNM stage (P < 0.001), T stage (P = 0.036)

Am J Cancer Res 2015;5(7):2266-2276
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Table 3. Multivariate analysis for disease-free survival and overall survival

Disease-free survival Overall survival

Variables

HR 95% Cl p-value HR 95% Cl p-value
Age(> 55 vs. < 55) 0.72 0.42-1.23 0.224 0.57 0.28-1.17 0.124
Gender(female vs. male) 1.27 0.72-2.25 0.416 1.23 0.57-2.68 0.602

Differentiation (poor vs. well/moderate) 1.34 0.68-2.68 0.399 1.51 0.63-3.64 0.361
Histological subtype (solid vs. non-solid) 1.22 1.05-1.41 0.008 1.21 1.00-1.47 0.050
pTNM stage (lI-ll vs. 1) 3.26 1.59-6.70 0.001 8.11 1.92-34.23 0.004
IMP3 expression (high vs. low) 0.99 0.52-1.89 0.977 1.14 0.50-2.60 0.763

gy L uﬂs\’*'

afaz

Figure 2. Expression of IMP3 in lung adenocarcinoma. A: Negative; B: Weakly staining; C: Moderately staining; D:
Strongly staining. (Envision, x 200).

and N stage (P < 0.001), while no statistical sig-
nificance in age or gender.

Association between IMP3 expression and
clinical outcome of lung adenocarcinoma

Kaplan-Meier survival analysis showed that
patients with IMP3 high-expression had shorter
DFS and OS compared to those with IMP3 low-
expression. Univariate survival analysis indicat-
ed IMP3 high-expression as a significant prog-
nostic factor for both DFS (P = 0.039) and OS (P

2271

=0.029) (Table 2; Figure 1E and 1F), but multi-
variate survival analysis showed IMP3 expres-
sion could not predict prognosis independently
for DFS (HR: 0.99, 95% CI: 0.52-1.89; P =
0.977) or OS (HR: 1.14, 95% Cl: 0.50-2.60; P =
0.763) (Table 3).

Discussion
Lung adenocarcinoma has become the major

subtype of NSCLC during the past decades,
which makes trouble in clinical decision

Am J Cancer Res 2015;5(7):2266-2276
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Table 4. Association between IMP3 expression and clinicopathologic

comes of patients diag-

variables nosed with “adenocarcino-
Variable Numbersof ~ IMP3low-  IMPGhigh- .~ ™Ma with mixed S“bt_ypet
patients expression expression P are diverse for the dlffer
Numbers (%) 196 113 (57.6%) 83 (42.4%) g;c(;?”;z(t’gzgs ?;ehlztor_
gii((j);e"ars, mean + SD) 57.8 + 8.9 58.1+8.4 574 +9.5 0.563 pose of the I_ASLC./ATS/
ERS classification is to
Male 118 62 (52.5%) 56 (47.5%) 0.075 provide an integrated ap-
Female 78 51 (65.4%) 27 (34.6%) proach to classification of
Differentiation the various types of lung
Well 19 17 (89.5%) 2 (10.5%) <0.001 adenocarcinoma. This new
Moderate 102 75 (73.5%) 27 (26.5%) classification discontinued
Poor 75 21 (28.0%) 54 (72.0%) the term “mixed subtype”,
Histological subtype and recommended the
Lepidic 14 14 (100.0%) O (0.0%) <0.001 addition of micropapillary-
Acinar 105 73 (69.5%) 32 (30.5%) Predc?m'”alnt subtype i
Papillary 30 15 (50.0%) 15 (50.0%) 'Cri‘:]’ii:‘: ung  adenocar
Micropapillary 6 2 (33.3%) 4 (66.7%)
Solid 41 9 (22.0%) 32 (78.0%) In our study, the frequen-
pTNM stage cies of lepidic-, acinar-,
[ 87 69 (79.3%) 18 (20.7%) < 0.001 papillary-, micropapillary-,
Il a1 24 (585%) 17 (41.5%) and solid-predominant pat-
I 68 20 (29.4%) 48 (70.6%) terns were 7.1%, 53.6%,
T stage 15.3%, .3.1% and 20.9%,
1 72 45 (62.5%) 27 (37.5%) 0.036 respectively. The frequen-
., . cies of these five predomi-
2 103 62 (60.2%) 41 (39.8%) nant subtypes of invasive
3 17 5 (29.4%) 12 (70.6%) adenocarcinoma varied in
4 4 1 (25.0%) 3 (75.0%) the literature because of
N stage the interobserver variation
0 102 75 (73.5%) 27 (26.5%) < 0.001 shown by different pathol-
1 30 19 (63.3%) 11 (36.7%) ogists around the world [6,
2 60 19 (31.7%) 41 (68.3%) 7, 38]. There was compact
3 4 0 (0.0%) 4 (100.0%) association between the

because of the considerable heterogeneity.
There are new biologically targeted chemother-
apies targeting EGFR mutations and ALK fusion
genes since activated gene mutations are more
common found in lung adenocarcinoma. In
spite of the new therapeutic agents and
improved surgical technologies, survival for
patients with lung adenocarcinoma remains
unsatisfactory [36].

As invasive adenocarcinomas represent more
than 70-90% of surgically resected lung cases,
it is quite vital to present a practical way to clas-
sify these tumors [5]. According to the 2004
WHO classification, over 90% of lung adenocar-
cinoma should be identified as adenocarcino-
ma with mixed subtypes [37]. The clinical out-
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predominant histological
patterns and the clinico-
pathologic variables. The differences of the five
histological subtypes were statistically signifi-
cant in histological differentiation (P < 0.001),
pTNM stage (P = 0.001), T stage (P = 0.004)
and N stage (P = 0.015). Moreover, the lepidic-
predominant subtype was significantly different
from the other four subtypes, which implied
lepidic-predominant subtype was tent to asso-
ciate with small tumor size, well histological dif-
ferentiation, early pTNM stage and non-meta-
static regional lymph nodes.

The prognostic value of the new IASLC/ATS/
ERS classification has been investigated in sev-
eral studies [6-11, 39]. Hung et al. [39] and Gu
et al. [7] have demonstrated that solid-predom-
inant and micropapillary-predominant subtypes

Am J Cancer Res 2015;5(7):2266-2276
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were correlated with worse DFS and OS. Woo et
al. [10] verified that solid-predominant, micro-
papillary-predominant and invasive mucinous
subtypes had an independent prognostic value
to predict post-operative recurrence. Yoshizawa
et al. [6] have reported that solid-predominant,
micropapillary-predominant and colloid sub-
types indicated an increased risk of recurrence
and worse 0OS. Yanagawa et al. [9] have also
found solid-predominant subtype was an inde-
pendent predictor of increased risk of
recurrence.

Our results showed that patients with solid-pre-
dominant subtype had significantly worse DFS
(P = 0.003) and OS (P = 0.014) compared to
those with non-solid predominant subtypes
(including lepidic-predominant, acinar- predom-
inant, papillary-predominant and micropapil-
lary-predominant). Solid-predominant subtype
could also be an independent prognostic factor
for DFS (HR: 1.22, 95% CI: 1.05-1.41; P =
0.008). However, the sample number of our
study was still small. It remains to be further
studied about the prognostic and predictive
value of the IASLC/ATS/ERS classification
system.

IMP3 is a 580-amino acid oncofetal RNA-
binding protein, encoded by the IGF2BP3 gene
located on chromosome 7pl11.2 [40]. IMP3
contains 2 RNA recognition motifs and 4 K
homology (KH) domains, and its function is
implicated in cell growth and cell migration [13,
41]. IMP3 is a cytoplasmic protein which binds
to the 5’ untranslated region of the insulin-like
growth factor Il (IGF-II) leader-3 messenger
RNA (mRNA), as a translational activator of IGF-
Il leader-3 mRNA, which normally controls cell
proliferation [14]. IMP3 is believed to partici-
pate in the protection and intracellular distribu-
tion of IGF-Il MRNA and thus has been impli-
cated in regulating the production of IGF-Il [16].

IMP3 is ubiquitously expressed during the early
stage of embryogenesis, with only limited nor-
mal expression in postembryonic stages [42,
43]. IMP3 expression is low or undetectable in
postnatal tissues and virtually absent in adult
tissues, the common exception of which is in
placental intermediate trophoblasts [12, 16].

IMP3 re-expression in human malignancies

was first identified in pancreatic carcinoma in
1996 [44]. Since then, IMP3 has been detect-
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ed in a variety of other tumors. Research has
demonstrated that IMP3 can induce cell adhe-
sion and invasion by stabilizing CD44 mRNA
[15]. IMP3 is also a biomarker for tumor aggres-
sive behavior and metastases [45, 46].
Moreover, IMP3 overexpression in malignan-
cies has been proved to correlate with poor sur-
vival of patients [23, 24, 33].

The expression of IMP3 in lung carcinomas has
been studied in few reports. Bellezza et al. [30]
have first reported IMP3 overexpression was
correlated with advanced stages of disease,
lymph nodes metastases, and higher histologic
grades. Findeis-Hosey et al. [29] have also
found that IMP3 was strongly expressed in a
large proportion of poorly differentiated lung
adenocarcinoma, and furthermore in the solid
component of mixed subtype adenocarcino-
mas. Beljan Perak et al. [27] have demonstrat-
ed expression of IMP3 was correlated with solid
subtype and with distant metastases regard-
less of histological subtype of lung adenocarci-
noma. There are barely researches involving
the correlation of IMP3 expression with clinical
prognosis in lung carcinomas. Del Gobbo et al.
[41] lately verified IMP3 as a marker of poor
outcome in 74 patients with a diagnosis of lung
neuroendocrine tumor.

In our work, analysis of IMP3 expression
revealed that IMP3 was more frequently over-
expressed in tumors with the advanced pTNM
stage, larger tumor size, poorer histological dif-
ferentiation, lymph node metastasis, and solid-
predominant subtype. The ratio of IMP3 high-
expression was increasing following the
advance of pTNM stage (P < 0.001), T stage (P
= 0.036) and N stage (P < 0.001). IMP3 high-
expression was also associated with poor his-
tological differentiation (P < 0.001). There were
statistical differences of IMP3 expression
among the five histological subtypes according
to the IASLC/ATS/ERS classification (P < 0.001),
and also between the solid-predominant sub-
type and non-solid predominant subtype
(78.1% vs. 32.9%, P < 0.001). Our findings sup-
ported the concept that IMP3 overexpression
was a marker of increased tumor aggressive
behavior.

Beljan Perak et al. [27] have ever reported that
patients with IMP3 positive lung adenocarcino-
ma had shorter time of OS, but the result was
not statistically significant (P = 0.713). In our
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study, univariate survival analysis revealed that
patients in IMP3 high-expression group had
both shorter DFS (P = 0.039) and OS (P =
0.029) than those in IMP3 low-expression
group, but there were still no sufficient evidenc-
es to support IMP3 expression as an indepen-
dent prognostic factor.

In summary, solid-predominant subtype accord-
ing to the IASLC/ATS/ERS classification is an
independent prognostic factor, and IMP3 over-
expression is associated with aggressive tumor
behavior and poor clinical outcome in lung ade-
nocarcinoma, which may probably affect the
clinical personalized treatments or reveal a
potential therapeutic target in the near future.
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