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Abstract
L-type amino acid transporter 1 (LAT1) is a Na+-independent neutral amino acid transporter that plays a key role in cancer cell
growth and survival. To determine the significance of LAT1 in prognosis and resistance to chemotherapy in ovarian carcinoma,
we investigated the LAT1 expression in 245 ovarian carcinoma patients by immunohistochemistry using tissue microarray. High
expression of LAT1was detected in 85 (34.7%) patients. The ratio of high expression of LAT1was significantly high in clear cell
carcinoma and low in serous carcinoma compared to other histological types (P < 0.0001). High expression of LAT1 in ovarian
carcinoma was associated with poorer prognosis as per log-rank test (P = 0.008). Cox’s univariate and multivariate analysis
revealed that high expression of LAT1 is an independent marker indicating poor prognosis (hazard ratio = 2.810, P < 0.0001) as
well as the FIGO stage III/IV (vs. I/II) and suboptimal surgery. High LAT1 expression was also found to be associated with
resistance to chemotherapy (P = 0.016) notably in clear cell carcinoma. In conclusion, we demonstrate that LAT1 is not only
associated with poor prognosis of ovarian carcinoma, but also associated with chemoresistance in ovarian carcinoma.
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Introduction

Ovarian carcinoma is the most lethal gynecological cancer.
The prognosis for patients with advanced-stage ovarian carci-
noma remains poor despite aggressive surgical treatments and
recent advances in chemotherapy [1, 2]. To improve the out-
come of the patients with ovarian carcinoma, it is important to
evaluate the potentiality of molecular markers for predicting
prognosis and their efficacy to chemotherapies. However,
there have been no established clinical markers that can be
correlated with precise prognosis and therapeutic efficacy in
ovarian carcinoma patients.

L-type amino acid transporter 1 (LAT1) belongs to system
L, a Na+-independent carrier that transports large neutral

amino acids such as leucine, isoleucine, valine, phenylalanine,
tyrosine, tryptophan, methionine, and histidine [3, 4]. LAT1
requires covalent association with the heavy chain of 4F2 cell-
surface antigen (CD98) for its functional expression in the
plasma membrane [3, 4]. Previous studies have shown that
LAT1 is highly expressed in many human cancers and is typ-
ically associated with more aggressive cancer biology [5–19].
LAT1 provides cancer cells with the essential amino acids
required for protein synthesis and to stimulate growth of can-
cer cells via the mammalian target of rapamycin (mTOR)
pathway [20–23]. Recently, it has been suggested that system
L inhibitors such as 2-aminobicyclio-(2,2,1)-heptane-2-car-
boxylic acid (BCH) may be useful as an adjuvant therapeutic
in multiple cancers [21–24]. In addition, membrane trans-
porters and channels (collectively called the transportome)
including LAT1 have been drawing attention for their role in
cancer chemosensitivity and chemoresistance [25].

Previous studies have indicated that LAT1 expression in
ovarian carcinoma is associated with cancer cell proliferation
[17] and poor prognosis of patients [18]. However, the rela-
tionship between LAT1 expression and resistance to chemo-
therapy has not been established. In this study, we evaluated
the expression of LAT1 in ovarian carcinomas by immunohis-
tochemistry and elucidated its significance in prognosis and
response to chemotherapy.
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Materials and methods

Patient data

Formalin-fixed paraffin-embedded tissue blocks of pa-
tients with ovarian carcinoma who were surgically treated
at the National Defense Medical College Hospital be-
tween 1984 and 2008 were collected. A total of 245 pa-
tients were enrolled in this investigation who met the fol-
lowing inclusion criteria: (i) patients who had received no
prior chemotherapy before the surgical therapy; (ii) pa-
tients who were diagnosed with ovarian carcinoma by
pathological evaluation; (iii) patients identified with his-
tological type as serous, endometrioid, mucinous, or clear
cell type ovarian carcinoma; and (iv) patients whose med-
ical information and tissue blocks were available. To ex-
clude metastasis from gastrointestinal cancer, we routinely
performed endoscopic examination on all patients before
surgery. Metastatic carcinomas have not been included in
this study. Patient characteristics are summarized in
Table 1. The investigated tissue blocks included 98 serous
carcinomas (SC), 49 mucinous carcinomas (MC), 37
endometrioid carcinomas (EC), and 61 clear cell carcino-
mas (CCC). The patient age group was between 16 and
82 years with the median age of 53 years. The progression
of cancer in each patient was determined according to the
International Federation of Gynecology and Obstetrics
(FIGO) system. There were 99 (40.4%) cases in FIGO
stage I, 32 (13.1%) in stage II, 82 (33.5%) in stage III,
and 32 (13.1%) in stage IV. Optimal surgery (if residual
tumor ≤ 1 cm) was performed in 150 cases (61.2%), and
suboptimal surgery (if residual tumor > 1 cm) was per-
formed in 95 cases (38.8%). Of the 222 patients
(91.0%), 112 cases experienced postoperative chemother-
apy with cyclophosphamide, adriamycin, and cisplatin
(CAP), 54 cases with paclitaxel and carboplatin (TC), 23
cases with irinotecan and cisplatin (CPT-P), 12 cases with
etoposide and cisplatin (EP), 8 cases with docetaxel and
carboplatin (DC), while 13 cases by other procedures.
Patients who received neoadjuvant chemotherapy were
excluded from the study. The research protocol was ap-
proved by the Institutional Ethical Review Board
Committee of the National Defense Medical College,
Tokorozawa, Japan. Informed consent was obtained from
all the individuals included in this study.

Tissue microarray construction

From each tumor tissue block, two 1.5 mm cores were
punched. These cores were arranged on a tray and tissue mi-
croarray (TMA) blocks were constructed. All TMA blocks
were sectioned into 4 μm thick slices to make slides for im-
munohistochemical (IHC) staining.

Immunohistochemistry

For IHC staining, we used a rabbit polyclonal antibody
for LAT1 (d i lu t ion 1:800; NB100–734, Novus
Biologicals, Littleton, CO, USA). Tissue microarray
slides were deparaffinized in xylene and hydrated in gra-
dients of alcohol. Antigen retrieval was performed by in-
cubating slides with 10 mM sodium citrate buffer (pH 6)
for 60 min at 98 °C. Endogenous peroxidase activity was
blocked with 3% hydrogen peroxide (H2O2) solution.
Slides were incubated with primary antibodies overnight
at 4 °C and exposed to the Dako EnVision+ System-HRP
labeled polymer anti-rabbit antibody for 60 min at 20 °C.
Specific antigen-antibody reactions were visualized with
the DAB substrate and counterstained with the Mayer
hematoxylin. We used human testicular tissue as positive
control. Only phosphate buffered saline (PBS) incubated
without primary antibody was used as negative control.

Table 1 Clinicopathological characteristics of the patients with ovarian
carcinoma under investigation

Characteristic Number of patients (%)

Age (years)

≤ 50 98 (40.0)

> 50 147 (60.0)

FIGO stage

I 99 (40.4)

II 32 (13.1)

III 82 (33.5)

IV 32 (13.1)

Histological types

Serous carcinoma 98 (40.0)

Mucinous carcinoma 49 (20.0)

Endometrioid carcinoma 37 (15.1)

Clear cell carcinoma 61 (24.9)

Lymph node metastasis

Positive 27 (11.0)

Negative 103 (42.0)

Not evaluable 115 (46.9)

Residual tumor at primary surgery

Optimal (< 1 cm) 150 (61.2)

Suboptimal (≥ 1 cm) 95 (38.8)

Postoperative chemotherapy

Yes 222 (91.0)

No 22 (9.0)

Chemotherapeutic effects

Complete response/partial response 88 (39.6)

Stable disease/progressive disease 42 (18.9)

Not evaluable 90 (40.5)

Uncertain 2 (0.9)
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A semi-quantitative evaluation of the LAT1 immunoreac-
tivity was assigned as follows: score 1 for ≤ 10% of tumor area
stained, score 2 for 11–25% of area stained, score 3 for 26–
50% of area stained, and score 4 for ≥ 51% of area stained.
The staining intensity of LAT1 expression was not considered
during staining assessment. If the immunoreactivity score was
3 or 4, then tissue was defined as high expression. Tissue with
a score of 1 or 2 was defined as low expression.

Statistical analysis

The JMP Pro software version 14 (SAS Institution Inc., Cary,
NC, USA) was used for statistical analysis. Overall survival
(OS) was defined as the interval between the diagnosis or the
start of treatment and death due to any cause. Progression-free
survival (PFS) was defined as the interval between the com-
pletion of upfront treatment until death or disease progression.

Response rate was evaluated using response evaluation
criteria in solid tumors (RECIST) guidelines [26]. Optimal
surgery was defined as the cytoreductive surgery achieving
residual tumor less than 1 cm in diameter, while suboptimal
surgery was defined as the surgery with residual tumor equal
to or more than 1 cm in diameter. The χ2 test and Fisher’s
exact test were used to evaluate differences in the correlation
between the expression of LAT1 and clinicopathological pa-
rameters. OS and PFS curves were generated using the
Kaplan-Meier method. Comparison of the survival distribu-
tion was performed with the log-rank test. Univariate and
multivariate analyses were performed using Cox’s proportion-
al hazards model to evaluate the risk factors for cancer-related
mortality.We performed logistic regression analysis with odds
ratio and 95% confidence intervals (CIs) for evaluating the
risk factors for chemoresistance. Statistical significance was
defined as P < 0.05.

Fig. 1 Representative IHC
staining of high and low
expression of LAT1 in tissue
microarray-based samples of
ovarian carcinoma (× 400). a
High LAT1 expression in serous
carcinoma (SC). b High LAT1
expression in mucinous carcino-
ma (MC). c High LAT1 expres-
sion in endometrioid carcinoma
(EC). d High LAT1 expression in
clear cell carcinoma (CCC). e
Low LAT1 expression in SC. f
Low LAT1 expression in CCC
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Results

Expression of LAT1 in ovarian carcinomas

High LAT1 expression was detected in 85 cases (34.7%) and
low LAT1 expression was detected in 160 cases (65.3%) of
the investigated ovarian carcinoma resected tissues. LAT1was
observed predominantly in the plasma membrane with occa-
sional cytoplasmic appearance in high LAT1-expressing can-
cer cells (Fig. 1a–d).

Relationship between LAT1 expression
and histological type

Relationships between LAT1 expression and clinicopath-
ological characteristics are summarized in Table 2. Our

analysis of LAT1 expression in each histological type of
ovarian carcinoma revealed that high LAT1 expression
was statistically predominant in CCC (34/61, 55.7%)
and less frequent in SC (13/98, 13.3%) than other histo-
logical types, MC (23/49, 46.9%), and EC (15/37, 40.5%)
(P < 0.0001). High LAT1 expression was also signifi-
cantly associated with younger age (≤ 50 years) com-
pared to the expression in > 50 years age group, (P =
0.040). LAT1 expression was not substantially associat-
ed with the FIGO stage of cancer (stages I–II vs. stages
III–IV) and lymph node metastasis (positive vs. nega-
tive). However, the rates of LAT1 expression were ob-
served to be lower in stages III–IV of ovarian carcinoma
with positive lymph node metastasis (P = 0.082 and P =
0.070, respectively). In 27 cases with lymph node me-
tastasis, 5 cases (1 case of SC, 1 of MC, and 3 of
CCC) showed high LAT1 expression.

Table 2 Clinicopathological characteristics and relevant LAT1 expression observed

Number of patients

Parameters

LAT1

P-valueTotal

High

(n = 85)

Low

(n = 160)

Age (years) 

≤ 50 98 42 (42.9) 56 (57.1) 0.040*

> 50 147 43 (29.3) 104 (70.8)

FIGO stage

I 99 41 (41.4) 58 (58.6)

II 32 11 (34.4) 21 (65.6) 0.082

III 82 25 (30.5) 57 (69.5)

IV 32 8 (25.0) 24 (75.0)

Histological type

Serous carcinoma 98 13 (13.3) 85 (86.7) < 0.0001*

Mucinous carcinoma 49 23 (46.9) 26 (53.1)

Endometrioid carcinoma 37 15 (40.5) 22 (59.5) < 0.0001*

Clear cell carcinoma 61 34 (55.7) 27 (44.3)

Lymph node metastasis

Positive 27 5 (18.5) 22 (81.5) 0.070

Negative 103 39 (37.9) 64 (62.1)

Not evaluable 115 41 (35.7) 74 (64.4)

*Statistically significant

704 Virchows Arch (2019) 474:701–710



Relationship between LAT1 expression and prognosis

OS curves showed statistical difference between the pa-
tient groups with high LAT1 expression and low LAT1

ovarian carcinomas (P = 0.008, Fig. 2a). Overall survival
rates spanning 5 years after initial treatment were 55.6%
in the high LAT1 group and 72.0% in the low LAT1
group. When ovarian carcinomas were arranged according

Fig. 2 Overall survival (OS) curves for patients with ovarian carcinomas with respect to high and low expressions of LAT1. a Total ovarian carcinomas.
b Serous carcinoma. c Endometrioid carcinoma. d Clear cell carcinoma. e Mucinous carcinoma
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to their histological type, it was observed that high LAT1
expression was significantly associated with poorer prog-
nosis in SC (P = 0.034, Fig. 2b), EC (P = 0.039, Fig. 2c),
and CCC (P = 0.034, Fig. 2d). Overall survival curves
also illustrated to be different between the high and low

LAT1 expression groups in MC. However, the difference
was not statistically significant (P = 0.078, Fig. 2e). There
was no statistical difference in the PFS curves between
the high and low LAT1 expression groups in the overall
cases (Fig. 3a) and SC (Fig. 3b), but statistical

Fig. 3 Progression-free survival (PFS) curves for patients with ovarian carcinomas with respect to high and low expressions of LAT1. a Total ovarian
carcinomas. b Serous carcinoma. c Endometrioid carcinoma. d Clear cell carcinoma. e Mucinous carcinoma
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significance in EC (P = 0.028) and slight significance in
CCC were observed (P = 0.052, Fig. 3c, d). In MC, LAT1
was not correlated with PFS (Fig. 3e).

Analysis of all ovarian carcinomas using Cox’s uni-
variate proportional hazard model revealed that FIGO
stage III/IV, suboptimal surgery, and high LAT1 were
significant indicators of poorer prognosis. Cox’s multi-
variate analysis including these three parameters re-
vealed that they were independent indicators of poor
prognosis (hazard ratio = 3.915, P < 0.0001; hazard
ratio = 2.179, P = 0.002; hazard ratio = 2.810, P < 0.0001
respectively; Table 3). In a subset analysis of CCC,
Cox’s multivariate analysis revealed that only FIGO
stage III/IV was an independent prognostic factor (haz-
ard ratio = 4.463, P = 0.013) although suboptimal surgery
(hazard ratio = 2.712, P = 0.068) and high LAT1 expres-
sion (hazard ratio = 2.587, P = 0.052) had nearly signifi-
cant impact (Table 4).

Relationship between LAT1 expression and response
to chemotherapy

Of the 222 patients who received chemotherapy after surgery,
130 patients were evaluated for chemotherapeutic effect.
When we def ined comple te /pa r t ia l re sponse as
chemosensitive while stable/progressive disease as
chemoresistant, 88 cases were found to be chemosensitive

and 42 cases as chemoresistant (Table 1). Expression of
LAT1 and response to chemotherapy in total ovarian carcino-
ma and each histological type was summarized in Table 5.
High LAT1 expression was significantly associated with
chemoresistance among total ovarian carcinoma cases (P =
0.016) and the CCC subset (P = 0.019). In other histological
types, LAT1 expression was not correlated with
chemosensitivity. Univariate and multivariate logistic regres-
sion analyses revealed that high LAT1 expression was an in-
dependent factor for chemoresistance in the total ovarian car-
cinoma cases (odds ratio = 2.837, P = 0.011, Table 6) and in
the subset of CCC (odds ratio = 15.86, P = 0.013, Table 7).

Discussion

In the present study, we examined the expression of LAT1 in
245 ovarian carcinoma resected tissues using immunohisto-
chemical analysis. Statistical analysis revealed that high ex-
pression of LAT1 was significantly associated with poorer
prognosis and chemoresistance in patients with ovarian carci-
noma. Cox’s multivariate analysis confirmed that the high
LAT1 expression was an independent prognostic factor for
predicting poor OS. When categorized according to the histo-
logical type, high LAT1 expression was significantly associ-
ated with worse prognosis in SC, EC, and CCC with
chemoresistance observed specifically in CCC.

Table 3 Univariate and multivariate analyses of parameters associated with the overall survival (OS) of patients with 225 cases of ovarian carcinoma

Univariate analysis Multivariate analysis

Parameters Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age (> 50 years vs. ≤ 50 years) 1.202 (0.787–1.866) 0.398

FIGO stage (III/IV vs. I/II) 4.626 (2.916–7.612) < 0.0001* 3.915 (2.181–7.144) < 0.0001*

Suboptimal surgery (yes vs. no) 4.025 (2.632–6.248) < 0.0001* 2.179 (1.312–3.713) 0.002*

LAT1 (high vs. low) 1.739 (1.141–2.634) 0.010* 2.810 (1.808–4.343) < 0.0001*

CI, confidence interval; FIGO, The International Federation of Gynecology and Obstetrics; LAT1, L-type amino acid transporter 1

*Statistically significant

Table 4 Univariate and multivariate analyses of parameters associated with the overall survival (OS) of patients with clear cell ovarian carcinoma

Univariate analysis Multivariate analysis

Parameters Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age (> 50 years vs. ≤ 50 years) 0.855 (0.368–2.075) 0.720

FIGO stage (III/IV vs. I/II) 7.113 (2.833–20.20) < 0.0001* 4.463 (1.390–14.59) 0.013*

Suboptimal surgery (yes vs. no) 6.116 (2.472–15.15) 0.0002* 2.712 (0.928–8.428) 0.068

LAT1 (high vs. low) 2.788 (1.089–8.537) 0.032* 2.587 (0.993–8.027) 0.052

CI, confidence interval; FIGO, The International Federation of Gynecology and Obstetrics; LAT1, L-type amino acid transporter 1

*Statistically significant
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The distribution of types of ovarian carcinoma is unusual in
this study. The incidence of SC is relatively low, and the inci-
dence of non-serous carcinomas such as CCC and MC is
relatively high. The high incidence of CCC is acceptable in
Japan [27, 28]. The precise reason for the high incidence of
MC in this series is uncertain. At least, we routinely performed
endoscopic examination to exclude gastrointestinal cancer on
all patients before surgery. It seems that it happened by chance
that the frequency of MC was high in the single institute dur-
ing the limited observation period. The high incidence of stage
I cases in this study may also be due to the high incidence of
non-serous carcinomas that were treated in stage I.

LAT1 is widely expressed in primary human cancers and
several cancer cell lines where it has been shown to play
essential roles in growth and survival of cancer cells [20].
Clinically, LAT1 is overexpressed in various malignant

tumors and is associated with tumor proliferation, angiogene-
sis, and poor survival rate of the patient [5–19]. It has been
shown that LAT1 provides cancer cells with the essential ami-
no acids for protein synthesis as well as to stimulate growth of
cancer cells via the mTOR pathway [20–23].

With respect to ovarian carcinoma, Kaji et al. demonstrated
that LAT1 plays significant roles in nutrition, proliferation,
and migration of ovarian cancer [17]. They also showed that
LAT1 inhibition by BCH can be utilized as an anticancer
therapy in suppressing tumor growth without affecting normal
healthy tissues [17]. Kaira et al. demonstrated that LAT1 is
highly expressed in ovarian carcinomas and a positive LAT1
expression can serve as a significant independent factor for
predicting a poor overall survival in patients with ovarian
carcinoma [18]. Our results support the findings of the previ-
ous studies and suggest that LAT1 inhibition may be a useful
therapy for ovarian carcinoma. Unexpectedly, the ratio of the
cases highly expressing LAT1 was lower in SC compared to
other histological types despite their poorer prognosis. Kaira
et al. also reported that lower LAT1 expression is observed in
SC compared to CCC [18]. They found that the reason for the
low rate of high LAT1 expression cases in SC was uncertain,
but other types of transporters might be providing essential
amino acids to SC cells. The high expression of LAT1 in
CCC was compatible with the previous studies and so LAT1
can be more related to the metabolism of CCC compared to
other histological types. Our results also showed that lower
expression of LAT1 was associated with FIGO stage III/IV
and positive lymph node metastasis cases, although it was not
statistically significant. It is an interesting phenomenon that
high LAT1 expression is associated with poorer prognosis.
Further studies are needed to elucidate the reason of lower
expression of LAT1 in SC, advanced FIGO stage, and positive
lymph node metastatic cases.

In this study, we revealed that high LAT1 expression was
associated with resistance to chemotherapy in ovarian carci-
noma. Logistic regression analysis revealed that LAT1 was an
independent factor to determine chemoresistance in CCC. On
the other hand, we were unable to evaluate the relationship
between LAT1 expression and chemoresistance in other

Table 5 Expression of LAT1 and response to chemotherapy based on
histological type

Number of patients (%)
Parameters

Resistance to chemotherapy P value

Resistant
(n = 42)

Sensitive
(n = 88)

Ovarian carcinoma (total)

High LAT1 expression 19 (47.5) 21 (52.5) 0.016*

Low LAT1 expression 23 (25.6) 67 (74.4)

Serous carcinoma

High LAT1 expression 3 (25.0) 9 (75.0) 1.000

Low LAT1 expression 16 (24.2) 50 (75.8)

Mucinous carcinoma

High LAT1 expression 2 (28.6) 5 (71.4) 0.592

Low LAT1 expression 3 (50.0) 3 (50.0)

Endometrioid carcinoma

High LAT1 expression 2 (25.0) 6 (75.0) 0.467

Low LAT1 expression 0 (0.0) 8 (100.0)

Clear cell carcinoma

High LAT1 expression 12 (92.3) 1 (7.7) 0.019*

Low LAT1 expression 4 (40.0) 6 (60.0)

*Statistically significant

Table 6 Univariate and multivariate analyses of parameters associated with the chemoresistance of patients with 225 cases of ovarian carcinoma

Univariate analysis Multivariate analysis

Parameters Odds ratio (95% CI) P value Odds ratio (95% CI) P value

Age (> 50 years vs. ≤ 50 years) 0.998 (0.460–2.215) 0.995

FIGO stage (III/IV vs. I/II) 2.548 (0.954–8.094) 0.063 2.286 (0.801–7.633) 0.126

Suboptimal surgery (yes vs. no) 2.243 (0.957–5.753) 0.064 1.872 (0.754–5.013) 0.180

LAT1 (high vs. low) 2.755 (1.259–6.096) 0.011* 2.837 (1.270–6.439) 0.011*

CI, confidence interval; FIGO, The International Federation of Gynecology and Obstetrics; LAT1, L-type amino acid transporter 1

*Statistically significant
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histological types. Relationship between LAT1 expression and
chemoresistance has been reported in non-small cell lung cancer
[29]andpancreaticductal adenocarcinoma[30],butnot inovarian
carcinoma. It is possible that LAT1 expressionmay be associated
with amino acid transport necessary for protein synthesis
supporting chemoresistance. However, little is known about the
LAT1 expression and the proteins involved in chemoresistance. It
is speculated that hypoxic environment of the tumor cells initiates
the suppression of chemosensitive condition and hypoxic induc-
ible factor-1α (HIF-1α) stimulates the expression of LAT1 [30].
Yamauchi et al. [21] reported thatLAT1inhibitor (BCH)enhances
antitumor activity of cisplatin in a head and neck squamous cell
carcinoma cell line (Hep-2). One explanatory mechanism of po-
tentiatingcytotoxicitybyBCHtreatment is that limitedavailability
of essential amino acids that impairs DNA damage repair after
cisplatin administration. Another possibility is the initiation or
augmentation of apoptosis by reduced concentration of amino
acids in the cell [21]. It is known that multiple transporters and
ion channels are associated with cancer chemosensitivity as well
as chemoresistance [25]. Our study revealed that high LAT1 ex-
pression was associated with poorer prognosis and
chemoresistance inCCC,but could not explain the relation-
ship between poorer prognosis and chemotherapeutic ef-
fect in other histological types based on LAT1 expres-
sion. The limitation of this study was to only consider
immunohistochemistry analysis, which is retrospective.
Although we believe that the semi-quantitative analysis
using immunohistochemistry has significance as previ-
ously reported [7, 10, 12, 14, 18, 29], quantitative anal-
ysis should be performed for more reliable evaluation.
When categorized according to the histological types,
the sample size was too small to analyze.

In conclusion, LAT1 expression is associated with poorer
prognosis and chemoresistance in ovarian carcinoma. It is
promising to use LAT1 as a biomarker to predict prognosis
and response to chemotherapy in ovarian carcinoma especial-
ly in clear cell carcinoma.
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