
Abstract. Background/Aim: Little is known about the
expression of L-type amino acid transporter 1 (LAT1) and
4F2hc in gastroenteropancreatic-neuroendocrine neoplasms
(GEP-NENs). Hence, we conducted a study to verify the
clinicopathological significance of LAT1 and 4F2hc. Patients
and Methods: Tissues from 126 patients with GEP-NENs
were collected between August 2007 and August 2019 at our
institution. We evaluated LAT1 and 4F2hc expression by
immunohistochemistry, and examined their clinical
significance. Results: No statistically significant associations
were observed between LAT1 expression and the different
NENs. Expression of 4F2hc was significantly different
between neuroendocrine tumour (NET)-G1, NET-G2, and
NET-G3 (p=0.029), and was significantly associated with
vascular invasion (p=0.044) and the Ki-67 index (p=0.042).
Conclusion: No association between LAT1 expression and
malignant features in GEP-NENs was observed. However, an
association between 4F2hc expression and the potential of
malignancy in GEP-NENs was evident.

Cancer cells require nutrients, such as glucose, amino acids,
and fat, to survive and grow within human tissues. Glucose
metabolism plays a crucial role in tumour progression and
angiogenesis. However, amino acid metabolism is also
necessary for tumour survival; cancer cells uptake many amino
acids via amino acid transporters (1-3). In particular, L-type
amino acid transporter 1 (LAT1) is associated with the uptake
of essential neutral amino acids into tumour cells, and is
extensively expressed in most human cancers (2-14).
According to evidence from many clinicopathological studies,
high expression of LAT1 is closely correlated with tumour
proliferation, angiogenesis, metastasis, and survival (2-14). The
4F2 heavy chain (4F2hc: CD98), known as the heavy chain of
LAT1, functions cooperatively in the uptake of amino acids (3).
Therefore, cooperative expression of 4F2hc with LAT1 has
been identified as a significant prognostic marker in several
human cancers (6, 9, 13, 14). Previous investigations have
confirmed different percentages of LAT1 expression based on
histological types (4, 11, 12). However, little is known about
the clinicopathological significance of LAT1 and 4F2hc
expression in patients with neuroendocrine neoplasms (NENs)
arising from gastroenteropancreatic (GEP) organs. 

NEN is a rare condition arising from a variety of organs,
including pancreas, gastrointestinal tract, and lungs. GEP-
NENs are classified into two categories: neuroendocrine
tumours (NETs) and neuroendocrine cancers (NECs). The
World Health Organization (WHO) has categorized NENs
into four groups, namely low (grade 1), intermediate (grade
2), and high (grade 3) grade NETs, and poorly differentiated
NECs (15, 16), based on Ki-67 labelling index rate and
mitotic figure. Histological classification of lung NENs
consists of typical carcinoid, atypical carcinoid, and large
and small NECs (17). Furthermore, NETs are categorised as
functional or non-functional, depending on their hormonal
activity. Tumour cell proliferation, determined by the Ki-67
labelling index as assessed by immunohistochemistry, has
been correlated with tumour grade (15, 16). However, there
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are no established biomarkers to predict the efficacy and
treatment outcomes, or to elucidate the pathogenesis of
NENs. As described above, it has been reported that amino
acid transport systems play a crucial role in cellular
proliferation. Further, LAT1 is significantly correlated with
Ki-67, tumour differentiation, and survival. We previously
reported that LAT1 expression tended to increase from low-
grade to high-grade lung NETs, and that LAT1 expression in
large cell NECs (LCNECs) was closely linked to lymph node
metastasis and poor outcomes (12). Moreover, we have also
reported that 4F2hc expression tends to increase from low-
grade to high-grade NETs (18). However, it remains unclear
whether the expression of LAT1 and 4F2hc is related to the
clinicopathological features in patients with GEP-NENs. 

Hence, we conducted a clinicopathological study to
evaluate the expression of LAT1 and 4F2hc in patients with
GEP-NENs.

Patients and Methods
Patients. In this retrospective study, paraffin-embedded tissue
specimens from patients with NENs were collected between August
2007 and August 2019 at our institution. Medical records of 166
patients with histologically confirmed NENs were analysed
retrospectively. Of them, 25 patients were excluded because of
inadequate tumour specimens, whereas 15 others were excluded
because of other types of advanced cancer at the time of diagnosis,
resulting in a final total of 126 patients being included in the study.

A complete work-up, including pathological assessment, clinical
course, and physical examination, was performed for all cases, and
was reviewed by pathologists and expert physicians (YH, TK, MY,
and TH). All patients were classified according to the WHO criteria.
According to histological assessment, NENs were classified as NET-
G1, NET-G2, NET-G3, or NEC, and tumour cell proliferation was
determined by counting the Ki-67 labelling index. Clinicopathological
variables, including age, gender, histological type, tumour size, tumour
grade, lymph node metastasis, lymphatic invasion, vascular invasion,
pathological disease staging, and outcome, were obtained from
pathological reports and medical records. This study was approved by
the institutional ethics committee of the Saitama Medical University
International Medical Center (Approval number: 19-228; Approval
date: 2019/11/13). All procedures followed were in accordance with
the Helsinki Declaration of 1964 and its later versions.

Immunohistochemistry. LAT1 expression was determined
immunohistochemically by incubating tumour samples with rabbit
monoclonal antibody against LAT1 (J-Pharma, Tokyo, Japan), at a
dilution of 1:5,000 in phosphate-buffered saline containing 0.1%
bovine serum albumin, at 4˚C overnight, followed by incubation at
room temperature for 30 min. An affinity-purified goat polyclonal
antibody raised against a peptide located at the carboxy terminus of
4F2hc (1:200 dilution; Santa Cruz Biotechnology, Inc., Tokyo,
Japan) of human origin was used for studying 4F2hc expression.
The reaction was visualized using a Histofine Simple Stain MAX-
PO (Multi) Kit (Nichirei, Tokyo, Japan), following the
manufacturer’s instructions, as described previously (19). Negative
controls were incubated without the primary antibody, and no
detectable staining was evident. Expression of LAT1 and 4F2hc was

considered positive only if distinct membrane staining was
observed. The percentage of LAT1 and 4F2hc staining was scored
as follows: 1, 0-10%; 2, 11-25%; 3, 26-50%; and 4, 51-100%.
Staining intensity was not considered while assessing staining
outcomes. Expression was considered positive when tumours
contained cancer cells that were assigned staining scores of 3 or 4. 

Immunohistochemical staining for Ki-67 was performed
following the procedure described previously (19). A murine
monoclonal antibody against Ki-67 (Dako, Glostrup, Denmark; 1:40
dilution) was used. Areas of the immuno-stained sections with high
cell density were assessed. All epithelial cells with nuclear staining
of any intensity were defined as having 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 sections
were evaluated using a light microscope in a blinded fashion by at
least two of the authors. In case of a discrepancy, both investigators
simultaneously evaluated the slides until a consensus was reached.
Both investigators were blinded to patient outcomes.

Statistical analysis. Statistical analyses were performed using
Pearson’s chi-square test for categorical variables. Correlations were
analysed using the Mann-Whitney U-test and Spearman’s rank test.
The Kaplan-Meier method was used to estimate survival as a
function of time, and differences in survival were analysed using the
log-rank test. Overall survival (OS) was defined as the time from
treatment initiation to death from any cause. Statistical significance
was set at p<0.05. The hazard ratio was estimated using a Cox
proportional hazards model. All statistical analyses were performed
using IBM SPSS ver. 25.0 software (SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics. The characteristics of the 126
enrolled patients are shown in Table I. The cohort
consisted of 81 men and 45 women, with a median age of

Table I. Patient characteristics (n=126).

Category                                         N

Age, median year (range)              62.0 (27-80)
Gender                                            Male/Female 81/45
Stage*                                             1/2/3/4 90/15/14/7
Histology                                        NET G1/G2/G3 98/16/4
                                                        NEC 8
Primary site                                    Rectum 73
                                                        Gastro-esophageal 22
                                                        Small bowel 20
                                                        Pancreas 9
                                                        Colon 1
                                                        Liver 1
Method of sample collection         ESD or EMR** 80
                                                        Surgery 36
                                                        Biopsy 10

*TNM Classification of Malignant Tumours, 8th edition; **ESD:
Endoscopic submucosal dissection; EMR: endoscopic mucosal
resection; NET: neuroendocrine tumour; NEC: neuroendocrine cancer.
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62.0 years (range=27-80 years). Histological classification
indicated NET-G1 in 98 specimens, NET-G2 in 16, NET-
G3 in 4, and NEC in 8. The most common primary site
was the rectum, followed by the oesophagus, stomach,
small bowel, and pancreas. 

Patient demographics and immunohistochemical findings.
Representative images for different immunohistochemical
staining scores of LAT1 and 4F2hc expression in paraffin-
embedded tissue specimens from tumours at the primary
sites are presented in Figures 1 and 2. Demographic
distribution of the different variables according to LAT1 and
4F2hc expression is listed in Table II. The degree of positive
expression of LAT1 in NET-G1, NET-G2, NET-G3, and
NEC was 50.0% (49/98), 43.8% (7/16), 75.0% (3/4), and
50.0% (4/8), respectively. No statistically significant
associations were observed between LAT1 expression and
the different variables (Table II). 

The degree of positive 4F2hc expression was 65.3%
(64/98) in NET-G1, 87.5% (14/16) in NET-G2, 100% (4/4)
in NET-G3, and 62.5% (5/8) in NEC. Positive 4F2hc
expression was significantly higher in patients with
vascular invasion (Table II). Only NET cases were
analysed (Table III), and NEC cases were excluded.
Positive expression of LAT1 was closely associated only
with 4F2hc expression (p=0.046, Pearson’s chi-square
test). In contrast, positive 4F2hc expression was
significantly associated with vascular invasion and

histological NET grading (excluding NEC). There was a
statistically significant difference in 4F2hc expression
between NET-G1 and NET-G2/G3 (p=0.029, Pearson’s chi-
square test).

Further, no correlation was found between the Ki-67 index
and LAT1 expression, whereas a statistically significant
correlation between 4F2hc expression and the Ki-67 index
was observed (p=0.042, Mann-Whitney U-test) (Figure 3).

Clinical course. Among the 126 patients, 114 underwent
curative resection, and 6 had recurrence. All recurrences
were observed in NET-G2 and NEC patients (three patients
each). Of the 14 patients who received chemotherapy, six
were recurrent cases, whereas seven were stage 4, and one
was inoperable stage 2 G1 due to complications. Of the 14
patients who received chemotherapy, seven received
platinum-based chemotherapy, five received everolimus, and
a somatostatin analogue was administered to six (there were
overlaps in patient treatments). Of the eight patients who
died, the cause was primary disease in six cases, and other
diseases in two cases.

Survival analysis. There was a significant difference in OS
between patients with NET-G1 and others (NET-G2/3 and
NEC) (p=0.001, log-rank test) (Figure 4). Neither LAT1 nor
4F2hc expression was significantly associated with OS, but
the hazard ratio for 4F2hc expression was 3.15, which
indicates a possibility of association (Figure 5). 

Figure 1. Immunostaining scores for LAT1 in rectal neuroendocrine tumour
(NET)-G1 cases for grade 4 (A), grade 3 (B), grade 2 (C), and grade 1 (D).
Staining score was defined as follows: 1, 0-10%; 2, 11-25%; 3, 26-50%;
4, 51-100% stained. A score of 3 or 4 was considered as positive.

Figure 2. Immunostaining scores for 4F2hc in rectal neuroendocrine tumour
(NET)-G1 cases for grade 4 (A), grade 3 (B), grade 2 (C), and grade 1 (D).
Staining score was defined as follows: 1, 0-10%; 2, 11-25%; 3, 26-50%; 4,
51-100% stained. A score of 3 or 4 was considered as positive.
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Recurrence. In the verification of postoperative recurrence,
five of six (83.3%) patients with recurrence displayed
positive 4F2hc expression, whereas 4F2hc was negatively
expressed in 72 of 108 (66.7%) non-recurrence cases.
However, there was no statistically significant correlation
between tumour recurrence and 4F2hc expression (p=0.396,
Pearson’s chi-square test). 

Discussion

This is the first study to evaluate the expression of LAT1 and
4F2hc in GEP-NENs. LAT1 expression has been previously
reported to be closely related to the malignancy and prognosis
of various cancers (4-14). However, in our study, we did not
find a tendency for malignant features to be associated with

Table II. Expression of LAT1 and 4F2hc.

Variables Total LAT1 4F2hc (CD98)
n=126

Positive Negative p-Value Positive Negative p-Value
n=63 n=63 n=87 n=39

Age (<69/≥69) years 90/36 46/17 44/19                0.693 63/24 27/12 0.715
Gender (male/female) 81/45 39/24 42/21                0.577 57/30 24/15 0.667
T factor (T1-2/T3-4) 117/9 57/6 60/3                 0.299 81/6 36/3 0.873
N factor (present/absent) 20/106 12/51 8/55                 0.330 16/71 4/35 0.248
Stage (I-II/III-IV) 105/21 51/12 54/9                 0.473 70/17 35/4 0.196
Stage (I/II-IV) 90/36 44/19 46/17                0.693 59/28 31/8 0.180
Grading (G1/G2, G3 and NEC) 98/28 49/14 49/14                1.000 64/23 34/5 0.089
Primary tumor size (<2.0/≥2.0) cm 108/18 53/10 55/8                 0.611 73/14 35/4 0.387
Primary site (Gastrointestinal NEN/ 116/9 57/6 59/3                 0.311 79/8 37/1 0.192
Pancreatic NEN)#

Lymphatic invasion (present/absent) 30/96 16/47 14/49                0.676 20/67 10/29 0.747
Vascular invasion (present/absent) 34/92 19/44 15/48                0.422 28/59 6/33 0.050*
LAT1 (positive/negative) 63/63                      48/39 15/24 0.083
4F2hc (positive/negative) 87/39 48/15 39/24               0.083

LAT1: L-type amino acid transporter 1; 4F2hc: 4F2 heavy chain; NEN: neuroendocrine neoplasms. *Statistically significant as per Pearson’s chi-
square test; #One case of primary liver was excluded.

Table III. Expression of LAT1 and 4F2hc in NET (NEC excluded).

Variables Total LAT1 4F2hc (CD98)
n=118

Positive Negative p-Value Positive Negative p-Value
n=59 n=59 n=82 n=36

Age (<69/≥69) years 88/30 45/14 43/16                0.672 61/21 27/9 0.944
Gender (male/female) 75/43 36/23 39/20                0.566 53/29 22/14 0.714
T factor (T1-2/T3-4) 114/4 56/3 58/1                 0.309 78/4 36/0 0.178
N factor (present/absent) 12/106 8/51 4/55                 0.223 11/71 1/35 0.078
Stage (I-II/III-IV) 105/13 51/8 54/5                 0.378 70/12 35/1 0.058
Stage (I/II-IV) 90/28 44/15 46/13                0.665 59/23 31/5 0.096
Grading (G1/G2 or G3) 98/20 49/10 49/10                1.000 64/18 34/2 0.029*
Primary tumor size (<2.0/≥2.0) cm 107/11 52/7 55/4                 0.342 72/10 35/1 0.105
Primary site (Gastrointestinal NEN/ 110/8 54/5 56/3                 0.464 75/7 35/1 0.252
Pancreatic NEN)#

Lymphatic invasion (present/absent) 25/93 13/46 12/47                0.822 18/64 7/29 0.759
Vascular invasion (present/absent) 27/91 16/43 11/48                0.273 23/59 4/32 0.044*
LAT1 (positive/negative) 59/59                      46/36 13/23 0.046*
4F2hc (positive/negative) 82/36 46/13 36/23                0.046*

LAT1: L-type amino acid transporter 1; 4F2hc: 4F2 heavy chain; NEN: neuroendocrine neoplasms. *Statistically significant using Pearson’s chi-
square test; #One case of primary liver was excluded. 
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the LAT1 expression level. In contrast, the expression of
4F2hc was associated with vascular invasion, NET grading,
and tumour cell proliferation, as determined by the Ki-67
labeling index. 4F2hc is a heavy chain of LAT1, and
functions cooperatively in the uptake of amino acids (3).
Previous studies have shown that 4F2hc expression is closely

correlated with tumour malignancy and prognosis (6, 7, 9, 13,
18-20, 26). Furuya et al. reported that the prognosis tended
to be worse when both LAT1 and 4F2hc were expressed (6).
The expression rates of LAT1 and 4F2hc varied among
different types of cancers, as follows: LAT1/4F2hc: breast
cancer, 43%/32% (6); pancreatic cancer, 53%/57% (9); non-

Figure 3. Correlation between Ki-67 index and LAT1 or 4F2hc expression. No correlation was found between Ki-67 index and LAT1 expression.
However, a statistically significant correlation between 4F2hc expression and Ki-67 index was found (p=0.042, Mann-Whitney U-test). 

Figure 4. Overall survival according to histological grade. There was a significant difference in overall survival (OS) between patients with
neuroendocrine tumour (NET)-G1 and others (NET-G2/3 and NEC) (p=0.001, log-rank test).



small cell lung cancer, 37-60%/34-47% (10, 11, 19);
colorectal cancer, 80%/59% (13). In our study, the expression
rate of 4F2hc was higher than that of LAT1 (LAT1/4F2hc:
50%/69%). GEP-NENs are heterogeneous neoplasms that are
involved in the expression of related carcinogenic pathways
(21). Although a relationship between LAT1 and 4F2hc
expression was observed (Table III), the potential of
malignancy for GEP-NENs was only associated with 4F2hc
expression in this study. This discrepancy may be attributed
to the stainability and heterogeneity of GEP-NENs.

The mammalian target of rapamycin (mTOR) signalling
pathway receives inputs from amino acids, nutrients, growth
factors, and environmental cues to regulate various
fundamental cellular processes, including protein synthesis,
growth, metabolism, aging, regeneration, and autophagy.
Activation of the mTOR signalling is essential for growth
promotion, and is implicated in human cancer, playing
various roles in cell survival, cytoskeleton rearrangement,
invasion, metastasis, anti-apoptosis, and inhibition of
autophagy (22). LAT1, 4F2hc, and alanine-serine-cysteine
amino acid transporter-2 (ASCT2) are closely related to the
mTOR pathway (5, 11, 13). Fuchs et al. hypothesized that
mTOR regulates amino acid transporter gene expression and
their transport to the plasma membrane in response to growth
signals in cancer cells (5). Everolimus, an mTOR inhibitor,
significantly prolonged progression-free survival among
patients with progressive advanced pancreatic NETs in a
phase 3 trial (RADIANT 3) (23). Furthermore, the efficacy
of everolimus was demonstrated in the RADIANT 4 study,

which was a phase 3 study in patients with gastrointestinal
NEN (24). In both these pivotal clinical trials, the effect of
everolimus was independent of histological malignancy. In
our study, everolimus was administered to five patients, and
the clinical response was confirmed in four patients, one of
whom had partial response (PR), whereas three had stable
disease. Positive expression of both LAT 1 and 4F2hc was
observed in patients with PR.

In the present study, LAT1 and 4F2hc were positively
expressed in the tumour cells of NENs. However, the
positive expression of LAT1 was not linked to tumour
progression and angiogenesis, in contrast to previous
investigations. A close correlation between LAT1 and 4F2hc
expression was observed in patients with NETs. However, a
significant association between 4F2hc and tumour
angiogenesis, cell proliferation, and histological grading was
observed, indicating that 4F2hc may play an essential role in
tumour metastasis and progression of NENs. As our study
included a short follow-up period for prognosis after
definitive diagnosis, we could not confirm the results of OS.
It has been previously reported that 4F2hc, but not LAT1,
contributes to tumour metastasis and survival at advanced
stages of the disease rather than the early stages (19).
Although it remains unclear why the expression of 4F2hc
plays an important role in tumour progression for advanced
stages, it could be explained by the strong connection
between 4F2hc and lymph node metastases (19). Moreover,
we previously reported that 4F2hc expression is closely
correlated with glucose metabolism, hypoxia, and the mTOR
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Figure 5. Overall survival according to LAT1 and 4h2Fc expression. LAT1 and 4F2hc expression were not associated with OS (p=0.599 and p=0.256,
respectively, log-rank test).



pathway in pulmonary NETs (18). Several previous studies
have identified 4F2hc as an independent prognostic factor
related to poor outcomes and angiogenesis, indicating an
essential role of 4F2hc expression in human neoplasms (11,
18-20, 25). In our study, there was no statistically significant
difference between 4F2hc and prognosis, but the hazard ratio
of 3.15 suggests the possibility of a relationship between
4F2hc and poor prognosis. In addition, we believe that 4F2hc
functions in tumour angiogenesis and malignant grading of
neuroendocrine features. Further large-scale investigations
are warranted to confirm the results of our study.

Our study has certain limitations. First, it utilized a
retrospective approach with a limited cohort size, which may
have biased the results. There was an obvious deviation
among the populations of NET-G1, G2, G3, and NEC.
Moreover, the primary site was predominantly the
gastrointestinal tract, rather than the pancreas. Further
investigation should focus on the homogenous histology and
primary site to elucidate the prognostic significance of amino
acid transporters. Second, we did not examine the
clinicopathological significance of the expression of other
amino acid transporters, such as ASCT2 or xCT, which are
highly expressed in cancer cells, in addition to the expression
of LAT1 and 4F2hc. A previous study demonstrated that
ASCT2, xCT, LAT1, and 4F2hc, are highly expressed in
tumour cells, and that ASCT2 and 4F2hc expression are
closely correlated (26). These amino acid transporters may
play a crucial role in tumour development and progression.
Lastly, only a few patients receiving mTOR inhibitors were
included. The possibility of LAT1 and 4F2hc serving as
predictive markers for mTOR inhibitors is interesting, and
further studies are warranted to evaluate the relationship
between the efficacy of mTOR inhibitors and the expression
of LAT1 and 4F2hc in patients with gastrointestinal NEN. 

In conclusion, this study found no association between
LAT1 expression and malignancy in GEP-NENs, but
demonstrated an association between 4F2hc expression and
the potential for malignancy, including vascular invasion,
histological grading, and Ki-67 index. Further studies are
warranted to elucidate the possibility of employing 4F2hc as
a biomarker to predict the outcome after treatment with
mTOR inhibitors in patients with GEP-NENs. 
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