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Summary Amino acid transporters are necessary for tumor growth, metastasis, and survival of various
neoplasms; however, the clinicopathological significance of L-type amino acid transporter 1 (LAT1) and
4F2 cell surface antigen (4F2hc) in patients with pulmonary pleomorphic carcinoma (PPC) remains-
unknown. The aim of this study is to clarify the prognostic impact of these amino acid transporters in
PPC. One hundred five patients with surgically resected PPC were assessed by immunohistochemistry.
The expression of LAT1 and 4F2hc, and Ki-67 labeling index were investigated using specimens of the
resected tumors. LAT1 and 4F2hc were highly expressed in 35% and 53% of all patients (n = 105, P b
.01), 25% and 48% of patients with an adenocarcinoma component (n = 48, P = .02), and 44% and 58%
of patients with a nonadenocarcinoma component (n = 57, P = .18), respectively. A high LAT1 expression
was significantly related to advanced disease, lymphatic permeation, tumor cell proliferation, and 4F2hc
expression. By multivariate analysis, LAT1 and 4F2hc were identified as significant independent
markers for predicting a worse prognosis. LAT1 is highly expressed in PPC, and high LAT1 expression
can serve as a significant predictor linked to a worse prognosis in patients with PPC.
© 2018 Elsevier Inc. All rights reserved.
1. Introduction

Pulmonary pleomorphic carcinoma (PPC) is a rare epithe-
lial tumor with aggressive characteristics. Its incidence ranges
from 0.1% to 0.4% of all lung cancers [1]. PPC contains carci-
nomatous and sarcomatoid components and is classified as a
subtype of sarcomatoid carcinoma of the lung in the World
Health Organization histologic classification of lung neo-
plasms [2,3]. It has been reported that PPC has more aggres-
sive malignant potential than any other non–small cell lung
cancer (NSCLC) and is closely linked to a worse prognosis
and poorer response to systemic chemotherapy [4-6]. Because
of its rarity, little is known about useful biomarkers to predict
the outcome of treatment in patients with PPC.

Amino acid transporters are required for tumor growth
and proliferation [7-9]. L-type amino acid transporter 1
(LAT1), a systemic L amino acid transporter, requires covalent
association with the heavy chain of 4F2 cell surface antigen
(4F2hc) for its functional expression in the plasma membrane
[9,10]. LAT1 is highly expressed in cancer cells and is closely
associated with tumor metastases, cell proliferation, and a
shorter survival time in several human neoplasms [9-12]. Al-
though the underlying mechanism of LAT1 expression in var-
ious human neoplasms is still a matter of debate, it is known
that LAT1 provides cancer cells with the amino acids essential
for protein synthesis as well as for the stimulation of cancer
cell growth via the mammalian target of rapamycin [13,14].
Recently, we described the clinicopathological significance
of LAT1 expression on tumor aggressiveness and as a worse
prognostic predictor in patients with NSCLC [11,12]. More-
over, Koshi et al [15] reported that LAT1 is closely correlated
with the degree of malignancies of soft and tissue sarcoma.
LAT1 may be responsible for tumor progression in cancer pa-
tients with both epithelial and sarcomatous components.
4F2hc plays an important part in the function of LAT1 as an
amino acid transporter. Clinically, 4F2hc seems to be a
stronger predictive marker in cancer patients with advanced
disease and metastases than LAT1 [16-18]. We previously
reported the prognostic role of LAT1 and 4Fhc expression in
patients with thoracic neoplasms, including lung cancer,
thymic tumors, and malignant pleural mesothelioma
[11,12,18-20].

Based on this background, we conducted a clinicopatho-
logical study to investigate the expression of LAT1 and
4F2hc in patients with surgically resected PPC. Because of
its rare incidence and the difficulty diagnosing it using biopsy
samples, tumor samples of surgically resected PPC were
collected from multiple institutions.
2. Materials and methods

2.1. Patients

One hundred five patients with histologically confirmed
PPC who underwent surgical resection at multiple institutions
between August 2001 and October 2015 were enrolled in this
study. Pleomorphic carcinoma was diagnosed according to the
2015 World Health Organization classification of tumors [2].
Diagnoses were confirmed using light microscopy and immuno-
histochemistry. PPC was defined as NSCLC containing at least
10% sarcomatoid components. One hundred five surgically
resected primary tumors were included in this study in accor-
dance with institutional guidelines and the Declaration of
Helsinki. The institutional review boards of all participating
institutions approved this study.

2.2. Immunohistochemical staining

LAT1 expression was determined immunohistochemically
by incubating tumor samples with rabbit monoclonal antibody



Table 1 Patient's demographics according to LAT1 and 4F2hc expression

Variables LAT1 expression 4F2hc expression

Total (n = 105) High (n = 37) Low (n = 68) P High (n = 56) Low (n = 49) P

Age: b69 y/≥69 y 54/51 23/14 31/37 .15 32/24 22/27 .24
Sex: male/female 79/26 28/9 51/17 N.99 40/16 39/10 .370
Smoking: yes/no 84/21 29/8 55/13 .80 42/14 42/7 .220
T factor: T1-2/T3-4 65/40 20/17 45/23 .29 16/40 49/0 b.01 ⁎
N factor: absent/present 72/33 23/14 49/19 .37 34/22 38/11 .090
Pathological stage: I-II/III-IV 71/34 19/18 52/16 .02 ⁎ 32/24 39/10 .02 ⁎
Lymphatic permeation: absent/present 41/64 9/28 32/36 .04 ⁎ 22/34 19/30 N.99
Vascular invasion: absent/present 31/74 11/26 20/48 N.99 17/39 14/35 N.99
Pleural invasion: absent/present 49/56 16/21 33/35 N.99 26/30 23/26 N.99
Adjuvant chemotherapy: absent/present 78/27 25/12 53/15 .25 41/15 37/12 .82
LAT1: high/low 37/68 – – – 30/26 7/42 b.01 ⁎
4F2hc: high/low 56/49 30/7 26/42 b.01 ⁎ – – –
Ki-67 labeling index: high/low 50/55 24/13 26/42 .01 ⁎ 28/28 22/27 .69

⁎ P b .05 is considered statistically significant. t Test score for continuous variables and χ2 test for categorical variables.
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to LAT1 (provided by J-Pharma, Tokyo, Japan) at a dilution of
1:5000 in phosphate-buffered saline containing 0.1% bovine
serum albumin at 4°C overnight, followed by incubation at
room temperature for 30 minutes. 4F2hc is an affinity-
purified goat polyclonal antibody raised against a peptide
mapping at the carboxy terminus of 4F2hc (1:200 dilution;
Santa Cruz Biotechnology, Tokyo, Japan) of human origin.
The reaction was visualized using the Histofine Simple Stain
Fig. 1 A 53-year-old man with pleomorphic carcinoma consisting of gian
immunostaining was grade 4 and grade 4, respectively, and their immunos
year-old man with pleomorphic carcinoma consisting of spindle and AC co
nostaining was grade 4 and grade 4, respectively (×200).
MAX-PO (Multi) Kit (Nichirei, Tokyo, Japan) according to
the manufacturer's instructions. The detailed protocol for im-
munostaining has already been published elsewhere [16]. Neg-
ative controls were incubated without primary antibody, and
no detectable staining was evident. The expression of LAT1
and 4F2hc was considered positive only if distinct membrane
staining was present. The percentage of staining of LAT1 and
4F2hc was scored as follows: 1, 0 to 10%; 2, 11% to 25%; 3,
t cell component (p-T1N0M1). The score of LAT1 (A) and 4F2hc (B)
taining pattern was membrane (original magnification ×200). An 88-
mponent (p-T2N2M0). The score of LAT1 (C) and 4F2hc (D) immu-
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Fig. 2 A, Comparison of LAT1 and 4F2hc expression according to scores 1, 2, 3, and 4. The percentage of LAT1 expression was significantly
higher in patients with a score of 1 than that of 4F2hc, whereas that of 4F2hc was significantly higher in those with a score of 4 than that of LAT1.
No statistically significant difference in patients with a score of 2 or 3 was observed between the percentage of LAT1 and 4F2hc expression. B, In
total, the score of 4F2hc was significantly higher than that of LAT1.

Table 2 Univariate and multivariate survival analyses

Variables Univariate analysis Multivariate analysis

1-y rate (%) P HR 95% CI P

OS of total patients
Age (≥69 y/b69 y) 47/71 .47
Sex (female/male) 56/60 .55
p-stage (I-II/III-IV) 74/28 b.01 ⁎ 1.75 1.32-2.33 b.01 ⁎
Ly (present/absent) 53/71 .17
v (present/absent) 58/61 .21
Pl (present/absent) 53/65 .09
Adjuvant CTx (present/absent) 66/56 .15
LAT1 expression (high/low) 32/76 b.01 ⁎ 1.37 1.02-1.84 .03 ⁎
4F2hc expression (high/low) 43/81 b.01 ⁎ 1.73 1.24-2.49 b.01 ⁎
Ki-67 labeling index (high/low) 58/59 .85
DFS of total patients
Age (≥69 y/b69 y) 41/67 .15
Sex (female/male) 40/58 .14
p-stage (I-II/III-IV) 67/29 b.01 ⁎ 1.73 1.30-2.31 b.01 ⁎
ly (present/absent) 46/68 .03 ⁎ 0.95 0.69-1.28 .74
v (present/absent) 53/58 .07
pl (present/absent) 43/69 b.01 ⁎ 1.36 1.05-1.81 .02 ⁎
Adjuvant CTx (present/absent) 48/56 .91
LAT1 expression (high/low) 29/68 b.01 ⁎ 1.38 1.02-1.86 .03 ⁎
4F2hc expression (high/low) 41/67 b.01 ⁎ 1.25 0.92-1.71 .14
Ki-67 labeling index (high/low) 51/58 .58

Abbreviations: CI, confidence interval; ly, lymphatic permeation; pl, pleural invasion; HR, hazard ratio; v, vascular invasion.
⁎ P b .05 is considered statistically significant, calculated with continuous variable.
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26% to 50%; and 4, 51% to 100%. The staining intensity was
not considered in assessing staining outcomes. High expres-
sion was defined when tumors contained cancer cells that were
assigned with a staining score of 4.

For Ki-67, immunohistochemical staining was performed ac-
cording to the procedures described in previous report [11]. The
murine monoclonal antibody against Ki-67 (Dako, Glostrup,
Denmark; 1:40 dilution) was used. For Ki-67, a highly cellular
area of the immunostained sections was assessed. All epithelial
cells with nuclear staining of any intensity were defined as high
expression. Approximately 1000 nuclei were counted on each
slide. Proliferative activity was assessed as the percentage of
Ki-67–stained nuclei (Ki-67 labeling index) in the sample.
The median value of the Ki-67 labeling index was evaluated,
and the tumor cells with greater than the median value were de-
fined as high expression. The sections were evaluated using a
light microscope in a blinded fashion by at least 2 of the authors.
In case of discrepancies, both investigators simultaneously eval-
uated the slides until a consensus was reached. Both investiga-
tors were blinded to patient outcomes.

2.3. Statistical analysis

Statistical analyses were performed using Student t test and
the χ2 test for continuous and categorical variables, respec-
tively. Correlations were analyzed using the nonparametric
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Fig. 3 Kaplan-Meier survival curves for patients with a high and low expre
high and LAT1-low patients were 32% and 76%, respectively (P b .01; A), a
rates of the 4F2hc-high and 4F2hc-low patients were 43% and 81%, respec
Spearman rank test. The Kaplan-Meier method was used to es-
timate survival as a function of time, and survival differences
were analyzed using the log-rank test. Overall survival (OS)
was the time from tumor resection to death from any cause.
Disease-free survival (DFS) was the time between tumor re-
section and the first episode of disease progression or death.
Univariate and multivariate survival analyses were performed
using Cox proportional hazards model and a logistic regres-
sion model for radical surgery. Values of P b .05 were consid-
ered statistically significant. All statistical analyses were
performed using GraphPad Prism version 4 software (Graph-
Pad Software, San Diego, CA) and JMP Pro version 12.0 soft-
ware (SAS Institute, Cary, NC).
3. Results

3.1. Patient characteristics and immunohistochemistry

Patient demographics based on LAT1 and 4F2hc expres-
sion are listed in Table 1. The median age was 69 years, rang-
ing from 35 to 88 years. Seventy-nine patients (75%) were
men, and 26 (25%) were women. Eighty-four patients (80%)
were smokers, and 34 patients (32%) were diagnosed as hav-
ing stage I cancer, 37 (35%) with stage II, 27 (26%) with stage
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nd 29% and 68%, respectively (P b .01; B). The 1-year OS and DFS
tively (P b .01; C), and 41% and 67%, respectively (P b .01; D).
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III, and 7 (7%) with stage IV. All patients were diagnosed as
having resected primary tumors. In the histologic analysis,
29 patients with PPC had a combination of carcinomatous
and sarcomatous components. In the remaining 76 primary tu-
mors, carcinomatous components were identified in 48 pa-
tients with adenocarcinoma (AC), 13 patients with squamous
cell carcinoma, 8 patients with adenosquamous cell carci-
noma, 2 patients with poorly differentiated carcinoma, and 5
patients with large cell carcinoma. Of the sarcomatous compo-
nents, 69 patients exhibited spindle cell type; 10 patients, giant
cell type; 13 patients, both spindle cell and giant cell types; and
13 patients, other types. The day of surgery was considered as
the start day for measuring postoperative survival. The median
follow-up period was 476 days (range, 30-4519 days).

Immunohistochemical examination was performed using
105 primary sites of PPC. The representative figures of
LAT1 and 4F2hc are listed in Fig. 1. LAT1 immunostaining
was detected in the PPC cells, localized predominantly on
the plasma membrane. All positive cells displayed strong
membranous immunostaining, whereas cytoplasmic staining
was rare. The rates of high expression and average scores for
LAT1 were 35% (37/105) and 53% (56/105; P b .01), and
those for 4F2hc were 2.7 ± 1.2 and 3.3 ± 0.9 (P b .01), respec-
tively, in all patients. Fig. 2 shows the comparison between
A
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Fig. 4 Kaplan-Meier survival curves for patients with AC and non-AC co
OS rates of the LAT1-high and LAT1-low patients with AC and non-AC co
69%, respectively (P b .01; C). The 1-year OS rates of the 4F2hc-high and
86%, respectively (P b .01; B), and 41% and 67%, respectively (P b .01; D
LAT1 and 4F2hc expression according to score, demonstrat-
ing that 4F2hc expression was significantly higher than
LAT1. In the analysis according to the epithelial components,
the rates of higher expression of LAT1 and 4F2hc were 25%
(12/48) and 48% (23/48; P = .02), respectively, in patients
with AC, and 44% (25/57) and 58% (33/57; P = .18), respec-
tively, in patients with non-AC. The frequency of high LAT1
expression was statistically higher in patients with a non-AC
component than in those with an AC component (P b .01).
In contrast, there was no significant difference in the rate of
high 4F2hc expression in patients with non-AC and AC com-
ponents (P = .33). The Ki-67 labeling index averaged 30% ±
21% (median, 31%), ranging from 1% to 89% in all patients.
The Ki-67 labeling index was 28% ± 22% (median, 28%) in
patients with AC component and 33% ± 21% (median, 31%)
in those with non-AC component, without a statistical signifi-
cance. The high expression of Ki-67 labeling index was ob-
served in 47% (50/105).

High expression of LAT1 was significantly linked to the
advanced stage, lymphatic permeation, tumor cell prolifera-
tion, and 4F2hc expression, and high expression of 4F2hc ex-
hibited a significant relationship with T factor and advanced
stage (Table 1). Moreover, in all patients, Spearman rank test
revealed that LAT1 expression was significantly correlated
C
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with 4F2hc (r = 0.35, P b .01) and Ki-67 labeling index (r =
0.49, P b .01). A significant correlation between LAT1 and
4F2hc was identified in patients with non-AC component
(r = 0.39, P b .01) but not AC component (r = 0.26, P =
.07). Moreover, the expression level of LAT1 significantly
correlated with Ki-67 labeling index in patients with AC com-
ponent (r = 0.65, P b .01) and in those with non-AC compo-
nent (r = 0.34, P b .01).

3.2. Survival analysis

The median DFS and OS rates for all patients were 443 and
991 days, respectively. The median DFS and OS rates for pa-
tients with AC and non-AC components were 522 and 1038
days, and 336 and 507 days, respectively. Of the 105 patients,
60 died after initial surgery. Univariate and multivariate anal-
yses were performed in all patients (Table 2). By univariate
analysis, disease stage, LAT1, and 4F2hc were identified to
be significant prognostic markers for OS; significant predic-
tors for DFS were disease stage, pleural involvement, LAT1,
and 4F2hc (Table 2). According to the results of the univariate
log-rank test, we screened variables with a cutoff of P b .05.
Multivariate analysis confirmed that disease stage, LAT1, and
4F2hc were independent prognostic factors to predict a worse
OS; significant prognostic markers for DFS were disease stage,
pleural involvement, and LAT1 expression (Table 2). Fig. 3
shows the Kaplan-Meier survival curves for patients with high
and low expression of LAT1 and 4F2hc.

Next, the survival analyses according to histologic types
were performed. We identified high expressions of LAT1
and 4F2hc to be significant prognostic markers for predicting
a negative outcome in patients with AC and non-AC compo-
nents (Fig. 4). Moreover, we analyzed the prognostic signifi-
cance of LAT1 and 4F2hc expression according to each
variable, including age, sex, and disease stage. We confirmed
that the expressions of LAT1 and 4F2hc were significant prog-
nostic predictors (Supplementary Table A1, online only).
4. Discussion

This is the first study to evaluate the clinicopathological sig-
nificance of amino acid transporters such as LAT1 and 4F2hc in
patients with surgically resected PPC. Our results indicated that
high expression levels of LAT1 and 4F2hc can be used as inde-
pendent prognostic variables for predicting a worse outcome af-
ter surgical resection. Regarding the relationship between other
variables, LAT1 was closely associated with advanced stage,
lymphatic invasion, tumor cell proliferation determined by Ki-
67 labeling index, and the expression level of 4F2hc. Although
LAT1was expressed at significantly lower rates in patients with
an AC component (25%) than in those with non-AC (44%),
LAT1 seemed to play a crucial role in the survival of patients
with PPC regardless of the histologic type. We confirmed that
the expression level of 4F2hc was higher than that of LAT1,
and it was identified as a significant prognostic predictor. PPC
is recognized as a rare tumor with a dismal outcome, and little
is known about any promising targets of this disease; however,
LAT1 may be an attractive target for patients with PPC.

Recently, the frequency of LAT1 expression has been eluci-
dated in thoracic neoplasms, such as NSCLC, pulmonary neu-
roendocrine tumor, malignant pleural mesothelioma, and
thymic epithelial tumors [11,20-22]. Positive expression rates
of LAT1 were identified in 51% of 321 NSCLCs, 46.2% of
13 small cell lung cancers, 52.4% of 21 large cell neuroendo-
crine carcinomas, 75% of 8 thymic carcinomas, and 50% of 21
malignant pleural mesotheliomas. In these previous studies, a
score of 3 was assigned to indicate high expression of
LAT1; however, in the present study, high expression of
LAT1 was indicated by a score of 4, signifying that our study
used a different scoring system. When we assessed LAT1 ex-
pression by using a score of 3 in PPC patients to compare our
data with the results of previous studies, LAT1 was expressed
in 57% of 105 PPCs, 46% of 48 PPCs with an AC component
and 67% of 57 PPCs with a non-AC component. The rate of
LAT1 expression according to histologic type of lung cancer
has been elucidated; LAT1 was expressed in 91% of squa-
mous cell carcinomas, 29% of ACs, and 67% of large cell car-
cinomas [11]. Moreover, Koshi et al [15] reported the
expression of LAT1 in soft and tissue sarcoma. We also con-
firmed that LAT1 is positively expressed in sarcomatous tu-
mor components.

4F2hc is required for the functional expression of LAT1 in
tumor cells. Previous studies have shown the prognostic sig-
nificance of 4F2hc expression in several human neoplasms
[16,18,23]. Specifically, the expression of 4F2hc, rather than
LAT1, seems to be necessary for tumor progression and me-
tastasis of advanced human neoplasms [16,18]. A recent study
documented that LAT1 and 4F2hc are positively expressed in
85.7% and 82.8% of advanced head and neck cancers, respec-
tively, and that 4F2hc, but not LAT1, could a novel prognostic
predictor [18]. Moreover, it has been reported that 4F2hc was
identified as an independent predictor in advanced NSCLC
with lymph node metastases [16]. Shimizu et al [24] described
that the rates of high expression of LAT1 and 4F2hc were 56%
and 79% in highly aggressive neoplasm such as cutaneous
angiosarcoma, respectively, and that 4F2hc was closely asso-
ciated with prognosis. In the present study, 4F2hc was
expressed at higher rates than LAT1 in patients with PPC
and was proven to be a significant prognostic predictor corre-
lating with the expression of LAT1.

According to experimental studies, the inhibition of
LAT1 was proven to suppress tumor progression and to
contribute to apoptosis and G1 arrest [25,26]. Recently, we
described that the inhibition of LAT1 reduced the level of
phosphorylation of the mammalian target of rapamycin [14].
In Japan, JPH203, a newly developed LAT1 inhibitor, has
been administered to patients with any cancer as part of a
phase I clinical trial. Further investigation is warranted to
assess whether LAT1 inhibition is effective for the restriction
of PPC tumor cell growth.
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There are several limitations in this study. First, although
our samples were collected from multiple institutions, the
number of patients was too low to confirm our results statisti-
cally. Because of the rarity of PPC, we were unable to validate
our results by using another cohort. A similar study should be
performed using a validation cohort. Second, it continues to be
unclear whether the inhibition of LAT1within PPC cells could
be a useful target for the decrease of tumor growth. From the
results of the current study, it is clear that LAT1 is closely as-
sociated with the survival, metastasis, and tumor invasiveness
of PPC, but the possibility of LAT1 inhibition as a chemother-
apeutic agent is unclear. Further investigations should focus on
the inhibition of LAT1 expression in PPC using in vitro and
in vivo studies.

In conclusion, expression of the LAT1 amino acid trans-
porter was proven to be an independent factor to predict poor
outcome after surgical resection in patients with PPC. LAT1
was highly expressed in PPC and closely associated with
4F2hc expression, tumor cell proliferation, disease stage, and
lymphatic invasion. The inhibition of LAT1 may provide a po-
tentially promising target for the treatment of PPC in the future.
Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.humpath.2018.09.020.
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