
RESEARCH ARTICLE

Lysophosphatidylcholine acyltransferase 1 (LPCAT1)
upregulation in breast carcinoma contributes to tumor
progression and predicts early tumor recurrence
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Abstract Breast cancer is the most common cancer in women
worldwide. Aberrant lipid metabolism is an established hall-
m a r k o f c a n c e r c e l l s . T h e r e c e n t l y i s o l a t e d
lysophosphatidylcholine acyltransferase 1 (LPCAT1), the
most important enzyme in membrane biogenesis, has been
currently implicated in cancer development and progression.
The published literature lacks comprehensive reports on
LPCAT1 expression in breast cancer and its impact on pa-
tients’ outcome. We evaluated the immunohistochemical ex-
pression of LPCAT1 in 80 primary breast carcinomas, 24 met-
astatic lymph nodes, and 30 non-neoplastic breast tissue spec-
imens and statistically analyzed the association between
LPCAT1 expression and clinicopathological variables and pa-
tients’ outcome. LPCAT1 protein was significantly upregulat-
ed in primary breast carcinoma and showed a significant as-
cending pattern being the lowest in normal breast tissues, rel-
atively increased in fibrocystic disease, and the highest in
primary carcinoma. LPCAT1 expression was significantly
higher at tumor’s advancing edge and correlated positively
with tumor’s grade and TNM stage. Compared to primary
tumor, LPCAT1 expression was significantly lower in ductal
carcinoma in situ and significantly higher in metastatic lymph
nodes. LPCAT1 overexpression was significantly associated
with increased proliferative activity, negative estrogen recep-
tor (ER) and progesterone receptor (PR) status, positive hu-
man epidermal growth factor receptor 2 (HER2) status, as well

as triple-negative and HER2 disease molecular subtypes. Mul-
tivariate analysis showed that advanced stage, high grade, and
LPCAT1 overexpression were independent predictors of early
tumor recurrence. We conclude that LPCAT1 is implicated in
breast cancer pathogenesis, evolution, and progression and
appears to play a potentially crucial role as a determinant of
local invasiveness and metastasis. LPCAT1 is an independent
predictor of early tumor recurrence of breast carcinoma and
represents a novel prognostic biomarker that reflects underly-
ing biological alterations and thus constitutes a potentially
promising target for new therapeutic strategies.
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Introduction

Breast cancer is the leading cause of cancer-related mortality
in women worldwide [1]. In Egypt, breast cancer is the most
common type of cancer in women [2].

Determination of therapeutic strategies based on outcome
prediction is one of the most intriguing issues in cancer man-
agement. Biomarkers could play a pivotal role in
accomplishing this task [3].

Alteration of cell membrane phospholipids, particularly
phosphatidylcholine (PC) profile, is increasingly recognized
as a hallmark of carcinogenesis [4]. PC is the most abundant
phospholipid in mammalian cells and plays important roles in
cellular structure and biological functions [5–7]. PC synthesis
and metabolism has been recently implicated in the pathogen-
esis and progression of cancer [4].

PC, like other phospholipids, is synthesized de novo and
then remodeled. The remodeling pathway (Lands’ cycle) in-
volves consecutive deacylation and reacylation reactions
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controlled by the coordinated action of crucially important
enzymes [4, 8–10].

Lysophosphatidylcholine acyltransferase 1 (LPCAT1), a
key enzyme for PC remodeling in Lands’ cycle, is responsible
for generation of PC from lysophosphatidylcholine (LPC) [4,
10, 11].

LPCAT1 protein, encoded by AYTL2 gene, was recently
cloned and characterized in mouse alveolar type II cells where
it is hypothesized to play a fundamental role in the biosynthe-
sis of pulmonary surfactant [9, 12].

Subsequently, human LPCAT1 was cloned and character-
ized [13, 14]. LPCAT1 also plays an important role in retinal
photoreceptor homeostasis and is involved in inflammatory
lipid regulation [7, 15].

Through genomic efforts, three additional members of the
LPCAT family: LPCAT2, LPCAT3, and LPCAT4, have been
recently identified and partially characterized. LPCAT2 is
48 % homologous to LPCAT1, and it catalyzes both platelet-
activating factor (PAF) and PC synthesis mainly in inflamma-
tory cells. LPCAT3 is expressed ubiquitously and is primarily
responsible for hepatic LPCAT activity. LPCAT4 is highly
expressed in the epididymis, testis, ovary, and brain [5, 8].

Recent reports have argued that there is a close relationship
between LPCAT1 overexpression and cancer development
and progression. Few studies on prostatic, colorectal, and gas-
tric carcinomas have probed this postulation [4, 15, 16].

The published literature lacks comprehensive reports on
LPCAT1 expression in breast cancer and its impact on pa-
tients’ outcome. Therefore, this study was designed to evalu-
ate the immunohistochemical expression of LPCAT1 protein
in breast carcinoma and to correlate its expression with clini-
copathological variables and patients’ outcome.

Materials and methods

Patients’ and specimens’ characteristics

Formalin-fixed and paraffin-embedded (FFPE) consecutive
specimens from 80 Egyptian female patients (mean age=
44.4, standard deviation (SD)=6.2, range=33–59 years),
who had undergone modified radical mastectomy for primary
breast carcinoma (from June 2009 to June 2010), were retro-
spectively retrieved from the files of the Surgical Pathology
Laboratory, Alexandria Faculty of Medicine, Egypt. Demo-
graphic, clinical, and follow-up data were available for all
patients.

Eighty representative H&E-stained sections of primary in-
vasive ductal carcinoma of no special type (IDC(NST)), in-
cluding both representative viable tumor tissue and tumor's
advancing edge, were selected; 62/80 (77.5 %) cases were
lymph node-positive (mean number of positive nodes=6.7,
SD=5.3, range=1–25). Representative positive lymph nodes

from 24/62 (38.7 %) node-positive cases were selected for
LPCAT1 analysis. Grading and TNM staging were done ac-
cording to established criteria [17–19].

Information on hormonal receptor and human epidermal
growth factor receptor 2 (HER2) status was obtained from
the pathological records and reviewed according to published
guidelines [20, 21]. Accordingly, 56/80 (70 %) cases were
estrogen receptor (ER)-positive, 51/80 (63.75 %) cases were
progesterone receptor (PR)-positive, and 22/80 (27.5 %) cases
were HER2-positive.

Clinicopathological characteristics of the studied cases are
summarized in Table 1.

Exclusion criteria included: preoperative (neoadjuvant)
chemotherapy, incomplete clinicopathological and follow-up
information, diagnoses other than IDC(NST), HER2 immu-
nohistochemical score of 2+ not confirmed by FISH analysis,
and insufficient tissue for immunostaining.

Follow-up information was collected from the files of the
Oncology Department, Main University Hospital, Alexandria
Faculty of Medicine, Egypt. During the follow-up period
(range=8–48 months, median (Mdn)=20, mean (M)=22.6,
SD=10.6), a total of 18 (22.5 %) patients had events (defined
as the first documented evidence of local, regional, or distant
recurrence, or death of cancer) [22, 23]. The disease-free sur-
vival (DFS) time ranged from 4 to 30 months with an estimat-
ed mean survival time of 38.05 months (95 % confidence
interval (CI)=34.1, 42.0). The first 2-year hazard rate was
1 %. The estimated hazard rates in later intervals (<30 patients
entered) were not presented.

In addition, 30 cases of non-neoplastic breast tissue speci-
mens (normal breast tissue, 10 cases; non-proliferative fibro-
cystic disease (NPFCD), 10 cases; and proliferative fibrocys-
tic disease (PFCD), 10 cases), obtained from Egyptian female
patients (mean age 50.3, SD=10.7, range=27–74 years),
served as a control group.

The local scientific ethical committee approved the study
and REMARK criteria were applied [24].

Immunohistochemistry

An avidin-biotinylated immunoperoxidase methodology was
utilized [15]. Antigen retrieval with HIER and 10 mM cit-
rate buffer (pH 6.0) was done. The rabbit polyclonal LPCA
T1 antibody (anti-human LPCAT1, ID; US Biological,
USA) was applied in a dilution of 1:150. The rabbit mono-
clonal Ki67 antibody Clone:SP6 (Thermo Scientific™ Lab
Vision™, USA) was applied in a dilution of 1:100. The
bound antibodies were visualized by the UltraVision Detec-
tion System Anti-Polyvalent, HRP/DAB (Thermo Scientif-
ic™, USA). Negative and positive controls (human cerebel-
lar tissue for LPCAT1 and human tonsil for Ki67) were
included in all runs.
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Immunohistochemistry scoring system

Evaluation of the immunostained slides was performed in a
blinded manner without knowledge of the assigned clinical
data. LPCAT1 immunostain was analyzed in benign and can-
cerous mammary glandular cells for the extent and intensity of
staining [15]. The extent (%) of immunoreactive cells observed
in each case was recorded as follows: 0, no immunoreactive

cells; 1, 1–25 %; 2, >25–50 %; 3, >50–75 %; and 4, >75 %.
The staining intensity was graded as weak (1), moderate (2),
and strong (3). The final score was calculated by multiplying
the extent and intensity scores, with a maximum score of 12.
The staining pattern (cytoplasmic or cytoplasmic and nuclear)
was recorded. Scoring for stromal cell staining followed the
same scheme. In addition, LPCAT1 score was assessed in each
primary tumor section at the tumor’s center and tumor’s

Table 1 The relationship
between LPCAT1 expression and
clinicopathological characteristics
of patients with breast cancer

LPCAT1 lysophosphatidylcholine
acyltransferase 1, ER estrogen
receptor, PR progesterone
receptor, HER2 human epidermal
growth factor receptor 2, Mdn
median, min minimum, max
maximum, M mean, SD standard
deviation, ρ Spearman’s rho
correlation coefficient,
t independent Student t test,
U Mann-Whitney test,
H Kruskal-Wallis test

Clinicopathological parameter No. (%) LPCAT1 expression Test
(p value)

Tumor grade Mdn (Min-max)

1 16 (20.0) 2.3 (0.0–5.5) ρ=0.762

2 44 (55.0) 7.0 (0.0–10.5) (<.001)

3 20 (25.0) 10.0 (7.0–12.0)

Primary tumor (T stage) Mdn (Min-max)

T1 18 (22.5) 5.5 (0.0–10.5) ρ=0.339

T2 26 (32.5) 6.0 (1.5–10.5) (.002)

T3 33 (41.2) 8.5 (0.0–12.0)

T4 3 (3.8) 10.0 (4.5–10.5)

Regional lymph nodes (pN stage) Mdn (Min-max)

pN0 18 (22.5) 5.5 (0.0–10.5) ρ=0.509

pN1 27 (33.8) 5.5 (0.0–10.0) (<.001)

pN2 20 (25.0) 8.5 (0.0–10.5)

pN3 15 (18.7) 10.0 (2.0–12.0)

Distant metastasis (M stage) M (SD)

M0 70 (87.5) 6.2 (3.2) t=3.0

M1 10 (12.5) 9.3 (1.4) (0.004)

TNM stage Mdn (Min-max)

I 10 (12.5) 5.5 (0.0–7.5) ρ=.544

II 26 (32.5) 5.0 (0.0–10.5) (<.001)

III 34 (42.5) 8.5 (0.0–12.0)

IV 10 (12.5) 10.0 (7.0–10.5)

ER status Mdn (Min-max)

Negative 24 (30.0) 9.0 (5.0–10.5) U=295.5

Positive 56 (70.0) 6.0 (0.0–12.0) (<.001)

PR status M (SD)

Negative 29 (36.2) 8.6 (1.6) t=4.5

Positive 51 (63.8) 5.4 (3.3) (<.001)

HER2 status Mdn (Min-max)

Negative 58 (72.5) 6.5 (0.0–10.5) U=356.5

Positive 22 (27.5) 8.5 (5.0–12.0) (0.002)

Molecular subtypes Mdn (Min-max)

Luminal A 44 (55.0) 5.0 (0.0–10.5) H=22.0

Luminal B 12 (15.0) 8.0 (5.0–12.0) (<.001)

HER2 disease 10 (12.5) 10.0 (6.0–10.5)

Triple negative 14 (17.5) 8.8 (5.0–10.5)

Proliferative activity (Ki67) M (SD)

<20 % 44 (55.0) 5.0 (3.2) t=6.0

≥20 % 36 (45.0) 8.4 (1.9) (<.001)
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advancing edge. Whenever detected, adjacent non-neoplastic
tissue or ductal carcinoma in situ (DCIS) was evaluated for
LPCAT1 staining. LPCAT1 scoring was also assessed in the
studied 24 metastatic lymph nodes.

The proliferative activity, as assessed by Ki67 immuno-
staining, was expressed as an average percentage of positive
tumor cells across each section of primary breast carcinoma
[25]. A cutoff point at 20 % was used to categorize cases as
belonging to high-expression (≥20 %) or low-expression
(<20 %) groups [26, 27].

Statistical analysis

Statistical analyseswere performed using SPSS® Statistics 21.
Quantitative data were described usingMdn, range (minimum
and maximum) as well as M and SD. Qualitative data were
described using number and percentage. Various tests were
used including Mann-Whitney (U), independent Student t
(t), Wilcoxon signed rank (Z), paired t, Kruskal-Wallis (H),
Pearson’s correlation (r), Spearman’s rho correlation coeffi-
cient (ρ), and pair-wise comparisons. Log rank test was used
to compare the patients’ outcome between different groups.
Univariate Cox regression was used to evaluate the effect of
continuous covariates on patients’ outcome.

Several multivariate Cox regression models were devel-
oped to predict early tumor recurrence. Selection of variables
was based on scientific backgrounds as well as the stability of
the resulting models (measured by the size of standard errors
(SE) of the estimated coefficients and the width of the
resulting 95 % CI).

The hazard ratio (HR) assumption was checked by plots of
log (-log survival time) with categorization of continuous var-
iable by their median values. Validation of the resulting model
was conducted by systematically removing each observation
from the data set, estimating the regression equation, and com-

puting Bpredicted R2.^ To plot Kaplan-Meier estimates for
continuous markers, tertiles were used. Significance was
judged at the 5 % level.

Results

Clinicopathological findings

The clinicopathological characteristics of the study group are
summarized in Table 1. Molecular subtypes were determined
according to hormonal receptor and HER2 status [26]. Hor-
monal receptor-positive and HER2-negative tumors were
classified as luminal A subtype (44 cases, 55 %); hormonal
receptor-positive and HER2-positive tumors as luminal B sub-
type (12 cases, 15%); hormonal receptor-negative and HER2-
positive tumors as HER2 disease (10 cases, 12.5 %); and

hormonal receptor-negative and HER2-negative tumors as
triple-negative subtype (14 cases, 17.5 %).

Proliferative activity in primary IDC(NST) specimens
ranged from 5 to 60 % (M=22.8, SD=16.4). At a cutoff value
of 20%, 36 cases (45%) showed high expression and 44 cases
(55 %) showed low expression levels.

Expression of LPCAT1 and evolution and progression
of breast cancer

We evaluated the immunohistochemical expression of LPCA
T1 in 80 primary IDC(NST), 24 metastatic lymph nodes and
30 non-neoplastic breast tissue specimens (Figs. 1 and 2).

LPCAT1 immunostaining detected in 76/80 (95 %) cases
of IDC(NST) was significantly higher (M=6.6, SD=3.2) than
the non-neoplastic control group (28/30 (93.33 %) cases,M=
2.8, SD=1.4), (t=8.62, p=.000). Adjacent non-neoplastic tis-
sue was available in 31/80 (38.75 %) cases of IDC(NST), and
it showed LPCAT1 expression in 29/31 (93.55 %) cases,M=
2.7, SD=1.6, which was significantly lower (t=6.9, p<.001)
compared to the nearby invasive tumor (M=6.8, SD=3.2).
LPCAT1 expression showed no statistically significant differ-
ence between adjacent non-neoplastic tissue and the control
group (t=.145, p=.886).

LPCAT1 expression showed a statistically significant as-
cending pattern (ρ=.523, p=.000) being the lowest in normal
breast tissues (Mdn=2, range=0–3), relatively increased in
NPFCD (Mdn=3, range=1–6) and PFCD (Mdn=4, range=
1–6), and the highest in primary invasive carcinoma (Mdn=7,
range=0–12). A significant difference was detected among
the aforementioned groups (H=29.87, p=.000), with a signif-
icantly higher LPCAT1 expression in IDC(NST) compared to
normal breast tissue (p=0.025), NPFCD (p=0.025), and
PFCD (p=0.025).

DCIS, seen in 22/80 (27.5 %) cases, showed a significantly
lower (Z=4.026, p= .000) LPCAT1 expression (19/22
(86.36 %) cases, Mdn=6, range=0–9) compared to the adja-
cent invasive tumor (Mdn=8.5, range=5–12).

LPCAT1 staining was significantly higher (t=11.8,
p<.001) at tumor’s advancing edge (M=7.6, SD=3.6) com-
pared to tumor’s center (M=5.4, SD=2.9).

In addition, LPCAT1 expression in the 24metastatic lymph
nodes (Mdn=8.5, range=0–12) was significantly higher (Z=
4.3, p=.000) compared to their respective primary tumor tis-
sue (Mdn=7.5, range=2–10).

Overall, staining pattern was cytoplasmic or cytoplasmic
and nuclear with no statistically significant difference among
IDC(NST) and control cases (X2=.005, p=.945). Similarly,
stromal LPCAT1 staining was demonstrated in 41/80
(51.25 %) cases of IDC(NST) (Mdn=1, range=0–9) and in
17/30 (56.67 %) of control cases (Mdn=1, range=0–2) with
no statistically significant difference (U=1194.5, p=.968).
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Correlation between LPCAT1 expression
and clinicopathological parameters (Table 1)

LPCAT1 expression in IDC(NST) cases showed a significant
positive correlation with grade, TNM stage, T stage, lymph
node stage, number of positive lymph nodes (r=.520,
p=.000), and proliferative activity (r=.582, p=.000). Correla-
tion with age was statistically insignificant (r=.033, p=.864).

In addition, there were statistically significant associations
between LPCAT1 overexpression and the presence of distant
metastasis at diagnosis, negative ER, PR status and positive
HER2 status, as well as tumors with high proliferative activity
(≥20 %).

Correlation with molecular subtypes showed that LPCAT1
was significantly overexpressed in triple-negative and HER2
disease subtypes compared to luminal A subtype (p=.001 and
p=.013, respectively).

The influence of clinicopathological variables and LPCAT1
expression on patients’ outcome

A bivariate analysis showed that the risk of early tumor recur-
rence (during the first 2 years) increased incrementally per

unit increase in LPCAT1 expression (HR=1.73, 95 % CI=
1.33, 2.24), proliferative activity (HR=1.09, 95 % CI=1.05,
1.12), and the number of positive lymph nodes (HR=1.67,
95 % CI=1.40, 1.99).

As shown in Table 2, higher rate of early recurrence and
shorter DFS interval were significantly associated with higher
grade, higher Tand nodal stage, presence of distant metastasis,
higher TNM stage, negative ER and PR status, high prolifer-
ative activity, and molecular subtype with triple-negative and
HER2 disease subtypes being the worst compared to luminal
A subtype (p=.000 and p=.006, respectively).

On the other hand, patients’ age (HR=.99, 95 % CI=.95,
1.03) and HER2 status had no significant impact on patients’
outcome.

A multivariate Cox regression model was built, and vari-
ables that showed high multicollinearity were excluded. Cat-
egorization of the included variables was tested until a stable
model with better predictability was developed. Five variables
were included in the final model: TNM stage (IV vs. I, II, III),
tumor grade (3 vs. 1, 2), molecular subtype (luminal A vs.
luminal B, HER2 disease and triple negative), Ki67 (continu-
ous variable), and LPCAT1 expression (continuous variable).
Using stepwise regression (Table 3), advanced TNM stage

Fig. 1 LPCAT1 protein
immunohistochemical
expression: (a) weak staining in a
normal breast lobule (×40). (b)
Focal staining of moderate
intensity (arrow) in NPFCD
(×40). (c) PFCD showing LPCA
T1 staining of moderate intensity
(×40). (d) Strong diffuse staining
in invasive ductal carcinoma; note
the weak staining in adjacent
normal glands (arrow) (×40). (e)
DCIS showing diffuse LPCAT1
staining of moderate intensity;
note the nearby invasive tumor
clusters with strong staining
intensity (arrow) (×40). (f)
Invasive ductal carcinoma
showing diffuse LPCAT1 staining
of strong intensity; note the focal
moderate stromal staining (arrow)
(×40)
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(stage IV), high tumor grade (grade 3), and LPCAT1 overex-
pression were independent predictors of early tumor recur-
rence (HR=38.8, 95 % CI=10.1, 149.4; HR=6.0, 95 % CI=
1.7, 20.7; and HR=1.6, 95 % CI=1.1, 2.4, respectively).
Figure 3

Validation of the resulting model was conducted by sys-
tematically removing each observation from the data set, and

predicted R2^ was estimated at 55.4 %.

Discussion

Breast cancer is the most frequently diagnosed cancer in wom-
en worldwide [28]. Lipid profile alterations represent a rela-
tively new concept in oncogenesis and have been recently
implicated in breast cancer pathogenesis [27, 29]. Aberrancy
in PCmetabolismwas indicated in breast cancer cell lines, and
PC accumulation was reported in breast tissues during pro-
gression to a malignant phenotype [30, 31].

The characterization of breast cancer tissues by differenti-
ating among molecular species of PCs has been previously
reported [32, 33]. Some specific PCs composed of monoun-
saturated fatty acids (MUFA-PCs) and saturated fatty acids

(SFA-PCs) are relatively localized in cancerous areas com-
pared to adjacent non-neoplastic tissue [27]. Stearoyl-CoA
desaturase-1 (SCD1), which regulates the conversion of SFA
into MUFA, showed accumulation in the cancerous breast
tissues, indicating that it partially mediates the production of
MUFA-PCs [27, 34]. SCD1 is suggested to play an important
role in cancer progression, and higher SCD1 expression in
breast cancer has been recently proposed as a poor prognostic
marker [35].

The production of MUFA-PCs is also catalyzed by LPCA
T1, which transfer MUFAs to LPCs [27, 36]. However, the
expression of LPCAT1 in breast cancer tissue and its impact
on prognosis has not been previously investigated.

In the study of Mansilla et al. [4], a limited number of
breast tissue samples, in a tissue microarray containing vari-
ous human tumors and corresponding normal tissues, were
studied for LPCAT1 expression. Neither statistical analysis
nor correlation with prognosis was done. Mansilla et al. [4]
reported that all the tumor tissues, with the exception of adre-
nal gland, showed the same or stronger LPCAT1 intensity
compared to normal tissues.

In our study, the noted overexpression of LPCAT1 protein
(a synthetic enzyme of MUFA-PCs) in breast cancer tissue

Fig. 2 LPCAT1 protein
immunohistochemical
expression: (a) Invasive ductal
carcinoma showing moderate
staining intensity at the tumor’s
center (×100). (b) The same case
shown in (a) with strong LPCAT1
signal at the tumor’s advancing
edge (×100). (c) Grade 1 invasive
ductal carcinoma showing weak
LPCAT1 expression (×400). (d)
Grade 2 invasive ductal
carcinoma showing cytoplasmic
staining of LPCAT1 of moderate
intensity (×400). (e) Grade 3
invasive ductal carcinoma
showing strong cytoplasmic and
nuclear LPCAT1 staining (×400).
(f) Lymph node with metastatic
breast carcinoma from case
depicted in (c) showing diffuse
LPCAT1 staining of moderate
intensity (×100)
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compared to the non-neoplastic breast tissue is consistent with
the previously reported accelerated synthesis and accumula-
tion of MUFA-PCs in the cancerous breast tissues [27]. Thus,
we propose that LPCAT1 overexpression contributes to PC
profile alterations which might fuel breast cancer
tumorigenesis.

Mansilla et al. [4] reported LPCAT1 to be upregulated at
both the transcript and protein levels in human colorectal ad-
enocarcinomas compared to normal mucosa and concluded
that LPCAT1 may contribute to total choline metabolite accu-
mulation via PC remodeling, thereby altering the lipid profile
of colorectal carcinomas, a characteristic of malignancy.

Table 2 Association between
clinicopathological variables and
the risk of early tumor recurrence

ER estrogen receptor, PR
progesterone receptor, HER2
human epidermal growth factor
receptor 2, SE standard error, £
cannot be estimated as all the
cases were censored within this
group

Clinicopathological variables Total no. Events Disease-free survival (DFS)
time (months)

Log rank test

No. (%) Mean (SE) Χ 2 (p value)

Tumor grade

1 16 0 (0.0) £ £ 28.2 (.000)

2 44 6 (13.6) 41.1 (2.6)

3 20 12 (60.0) 15.8 (2.8)

Primary tumor (T stage)

T1 18 2 (11.1) 43.7 (2.9) 5.5 (.019)

T2 26 5 (19.2) 32.8 (2.1)

T3 33 10 (30.3) 24.9 (2.9)

T4 3 1 (33.3) 16.0 (6.5)

Regional lymph nodes (pN stage)

pN0 18 0 (0.0) £ £ 34.9 (.000)

pN1 27 3 (11.1) 35.9 (1.7)

pN2 20 6 (30.0) 19.6 (1.4)

pN3 15 9 (60.0) 10.1 (1.5)

Distant metastasis (M stage)

M0 70 8 (11.4) 42.7 (1.8) 85.0 (.000)

M1 10 10 (100.0) 7.8 (1.9)

TNM stage

I 10 0 (0.0) £ £ 42.8 (.000)

II 26 1 (3.8) 38.4 (0.6)

III 34 7 (20.6) 20.7 (1.1)

IV 10 10 (100.0) 7.8 (1.9)

ER status

Negative 24 11 (45.8) 22.5 (3.6) 16.5 (.000)

Positive 56 7 (12.5) 42.6 (1.9)

PR status

Negative 29 13 (44.8) 23.1 (3.1) 17.1 (.000)

Positive 51 5 (9.8) 43.9 (1.7)

HER2 status

Negative 58 12 (20.7) 39.2 (2.3) 0.8 (.360)

Positive 22 6 (27.3) 34.6 (4.5)

Molecular subtypes

Luminal A 44 5 (11.4) 43.2 (2.0) 18.6 (.000)

Luminal B 12 2 (16.7) 41.2 (4.4)

HER2 disease 10 4 (40.0) 25.0 (5.1)

Triple negative 14 7 (50.0) 19.4 (4.4)

Proliferative activity (Ki67)

<20 % 44 5 (11.3) 43.2 (2.0) 10.9 (.001)

≥20 % 36 13 (36.1) 30.6 (3.8)
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Similarly, higher LPCAT1 expression was reported in pros-
tatic and gastric carcinomas compared to their respective non-
neoplastic counterparts [15, 16]. Kikuchi et al. [16] have con-
cluded that lipid alterations in the gastric mucosa, particularly
overexpressed LPCAT1, appear to be involved in gastric can-
cer carcinogenesis.

Our study demonstrated that LPCAT1 expression showed a
significant ascending pattern along with the evolution and
progression of breast carcinoma being the highest in metasta-
tic breast cancer and the lowest in normal breast tissue. Ex-
pression in primary carcinoma was significantly higher than
non-neoplastic breast tissues and DCIS. In addition, the ex-
pression in primary tumors was significantly higher at tumors’
advancing edge and correlated positively with tumors’ grade.
Our results suggest that LPCAT1 is implicated in the evolution
of breast cancer, correlates with poor morphological pheno-
type, promotes local invasiveness and metastasis, and, thus,
plays an important role in the progression of breast carcinoma.

The postulated role of LPCAT1 in the pathogenesis, evo-
lution, and progression of cancer might also be explained by
its possible epigenetic effects. The pattern of genes affected
by LPCAT1 overexpression was reported to be complex and

includes genes that encode proteins involved in signaling,
inflammation, matrix proteases, and membrane receptors
[37].

In accordance with our findings, Zhou et al. [15] demon-
strated that LPCAT1 expression was the highest in metastatic
prostatic tissue, was significantly higher in primary prostatic
carcinoma compared to high-grade prostatic intraepithelial
neoplasia and non-neoplastic prostatic tissues, and correlated
with the grade of primary prostatic carcinoma. Grupp et al.
[38] reported that increased LPCAT1 expression in prostatic
carcinoma was associated with high Gleason score and posi-
tive surgical margin.

On the other hand, Kikuchi et al. [16] reported that LPCA
T1 in gastric cancer was higher in differentiated than poorly
differentiated adenocarcinoma.

LPCAT1 is characterized as an endoplasmic reticulum pro-
tein; hence, it mainly localizes in the cytoplasm; however, it
might relocate into the nucleus under certain conditions and
differentially regulates the expression of several genes [37]. In
our study, LPCAT1 was localized to the cytoplasm or cyto-
plasm and nucleus of epithelial cells, a finding that lacked
significant difference among neoplastic and non-neoplastic
breast tissues. Zhou et al. [15] have reported cytoplasmic
and nuclear localization of LPCAT1 in high-grade primary
and metastatic prostate cancer. Mansilla et al. [4] reported
cytoplasmic localization of LPCAT1 in colorectal carcinoma
cells and adjacent benign mucosa.

In this study, LPCAT1 staining was mainly visualized in
the epithelial cells; however, focal stromal expression was
demonstrated. Future studies might elucidate this finding.

The present study demonstrated that LPCAT1 overexpres-
sion in breast cancer significantly correlated with higher TNM
stage, higher tumor and nodal stages, higher number of posi-
tive lymph nodes, and the presence of distant metastasis at
diagnosis. Similar results in prostate cancer were reported by
Zhou et al. [15] and Grupp et al. [38] who found that increased
LPCAT1 expression was significantly associated with ad-
vanced tumor stage. Grupp et al.[38] have in addition shown
that higher LPCAT1 expression was significantly correlated
with positive nodal involvement. On the other hand, Mansilla
et al. [4] reported that LPCAT1 upregulation in colorectal
carcinoma was independent of Dukes stage.

Fig. 3 Kaplan-Meier survival curve displaying significant differences in
DFS distribution according to the level of LPCAT1 expression among
breast cancer patients

Table 3 Stepwise multivariate
Cox regression models for
prediction of early tumor
recurrence among breast cancer
patients

LPCAT1 lysophosphatidylcholine
acyltransferase 1, SE standard
error, HR hazard ratio, 95% CI
95 % confidence interval

Stepwise multivariate Cox regression models SE (p value) HR (95 % CI)

Step 1 TNM stage (IV vs. all) 0.5 (<.001) 28.0 (9.9, 79.7)

Step 2 TNM stage (IV vs. I, II, and III) 0.6 (<.001) 34.9 (9.9, 123.0)

Tumor grade (3 vs. 1 and 2) 0.6 (<.001) 14.8 (4.5, 48.5)

Step 3 TNM stage (IV vs. I, II, and III) 0.7 (<.001) 38.8 (10.1, 149.4)

Tumor grade (3 vs. 1 and 2) 0.6 (.005) 6.0 (1.7, 20.7)

LPCAT1 expression (continuous variable) 0.2 (.009) 1.6 (1.1, 2.4)
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The discrepancies noted between our study and studies on
LPCAT1 expression in gastric and colorectal carcinomas [4,
16], together with the similarities noted between our findings
and previous studies on LPCAT1 expression in prostate cancer
[15, 38], further emphasizes the commonality between breast
and prostate cancer and adds to our understanding of the
pathobiology of these two common cancers which will cer-
tainly pave the way for more effective therapies in the future
[39].

Taken together, the noted correlation between LPCAT1
overexpression and nodal and distant metastasis as well as
its higher expression at advancing tumor’s edge andmetastatic
tissue all point to its potentially crucial role as a determinant of
local invasiveness and metastasis in breast cancer. This might
be supported by previous studies that have postulated that
LPCAT1 overexpression regulates matrix proteases, influ-
ences membrane fluidity with alterations in cell adhesion,
and thus potentially plays a role in cancer cell local invasive-
ness and progression towards metastasis [4, 37].

Prognosis of breast cancer varies greatly depending on the
molecular subtype of breast cancer which depends largely on
hormonal receptor and HER2 expression [26]. Hormonal re-
ceptor negativity and HER2 positivity are known to be poor
prognostic indicators in breast cancer [40]. Therefore, we
attempted to study the relation between LPCAT1 expression
and hormonal receptor and HER2 status as well as molecular
subtype.

Our study showed significant associations between LPCA
T1 overexpression and negative ER and PR status. In line with
our findings, Hilvo et al. [33] reported high PC accumulation
in ER-negative breast cancer cases. In contrast, Ide et al. [27]
reported higher MUFA-PC level in ER-positive breast carcino-
mas and suggested a regulatory role for LPCATs [41, 42].
Higher LPCAT3 was reported in ER-positive than in ER-
negative breast tissues [43]; however, the endogenous mecha-
nisms regulating LPCATs’ activity are still poorly understood.

In breast cancer cells, the pathway involving HER2 recep-
tor is generally considered to regulate lipogenic enzymes [44].
Our study further emphasized this suggestion, as a significant
association between LPCAT1 overexpression and positive
HER2 status was demonstrated. Future studies should look
into the possible crosstalk between these two pathways.

In our study, subgroup analysis showed that LPCAT1 is
significantly upregulated in certain molecular subtypes well-
known for their aggressiveness, namely, triple-negative and
HER2 disease compared to the more favorable luminal A
subtype. There is no good molecular biomarker or targeted
therapeutic approach for triple-negative breast cancer; thus,
there is an urgent clinical need to identify underlying molec-
ular mechanisms that would aid in patients’management [45].

As the full extent and nature of LPCAT1 role in breast cancer
unravels, its intricate mechanisms will become more apparent
and provide unique opportunities for new forms of therapy. It is

noteworthy that lipid profile changes may potentially influence
current therapies because the dynamic and structural properties
of lipid membranes can affect drug delivery [46].

Increased synthesis of membrane phospholipids is required
for rapid growth during tumor development [4, 29, 47]; thus,
the noted correlation between LPCAT1 overexpression and
higher proliferative activity was expected. This finding
strengthens our suggestion that overexpressed LPCAT1 con-
tributes to evolution and progression of breast cancer.

Similarly, Mansilla et al. [4] reported a significant increase
in colon cancer cell growth rate in association with LPCAT1
overexpression and hypothesized that LPCAT1 upregulation
contributes to increased PC recycling, enhanced membrane
synthesis, and increased proliferative activity.

It is well-known that tumor stage, grade, HER2 status, pro-
liferative activity, and gene profiling are among the most im-
portant prognostic factors in breast cancer [26, 48]. Our study
identified multiple indicators of early tumor recurrence. Mul-
tivariate analysis showed that advanced stage at diagnosis,
high grade, and LPCAT1 overexpression were independent
predictors of early tumor recurrence, among which, LPCAT1
represents a novel prognostic biomarker that reflects underly-
ing biological alterations and thus constitutes a potentially
promising target for new therapeutic models.

Zhou et al. [15] reported that the association of LPCAT1
expression with poor patient’s outcome in prostate cancer is
independent of existing prognostic factors and concluded that
LPCAT1 expression level in primary prostate cancer might be
used as an indicator of future biochemical recurrence and/or
metastasis. Grupp et al.[38] reported that the prognostic im-
pact of LPCAT1 expression in prostate cancer was indepen-
dent of histological and clinical parameters and concluded that
LPCAT1 measurement may be utilized for better clinical de-
cision-making.

We conclude that LPCAT1 exerts an important, albeit not
fully understood, role in breast cancer oncogenicity, possibly
via alterations in lipid profile. LPCAT1 is a novel biomarker in
the evolution and progression of breast cancer and appears to
play a potentially crucial role as a determinant of local inva-
siveness and metastasis. The influence of LPCAT1 expression
on prediction of early tumor recurrence is independent of
well-established prognostic factors of breast cancer.

To the best of our knowledge, this is the first published
study analyzing LPCAT1 expression in a cohort of breast
cancer patients with special emphasis on its impact on pa-
tients’ outcome. Our results open new horizons in the under-
standing of breast cancer pathobiology and establish new
paths for potential novel therapeutic approaches.
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