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Abstract
AIM: To report that Lpcat1 plays an important role in 
regulating lipopolysaccharide (LPS) inducible gene tran-
scription. 

METHODS: Gene expression in Murine Lung Epithelial 
MLE-12 cells with LPS treatment or Haemophilus influ-
enza  and Escherichia coli  infection was analyzed by em-
ploying quantitative Reverse Transcription Polymerase 
Chain Reaction techniques. Nucleofection was used to 
deliver Lenti-viral system to express or knock down Lp-
cat1  in MLE cells. Subcellular protein fractionation and 
Western blotting were utilized to study Lpcat1 nuclear 
relocation. 

RESULTS: Lpcat1 translocates into the nucleus from the 

cytoplasm in murine lung epithelia (MLE) after LPS treat-
ment. Haemophilus influenza  and Escherichia coli , two 
LPS-containing pathogens that cause pneumonia, trig-
gered Lpcat1 nuclear translocation from the cytoplasm. 
The LPS inducible gene expression profile was deter-
mined by quantitative reverse transcription polymerase 
chain reaction after silencing Lpcat1 or overexpression 
of the enzyme in MLE cells. We detected that 17 out of 
a total 38 screened genes were upregulated, 14 genes 
were suppressed, and 7 genes remained unchanged in 
LPS treated cells in comparison to controls. Knockdown 
of Lpcat1 by shRNA dramatically changed the spectrum 
of the LPS inducible gene transcription, as 18 genes out 
of 38 genes were upregulated, of which 20 genes were 
suppressed or unchanged. Notably, in Lpcat1 overex-
pressed cells, 25 genes out of 38 genes were reduced in 
the setting of LPS treatment.

CONCLUSION: These observations suggest that Lpcat1 
relocates into the nucleus in response to bacterial infection 
to differentially regulate gene transcriptional repression.
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INTRODUCTION
Lpcat1 was first cloned as an active lung surfactant 
phospholipid synthetic enzyme from lung type Ⅱ epi-
thelial cells[1,2]. This gene product expresses ubiquitously 
in almost all types of  tissues, but is particularly high in 
surfactant-producing lung type Ⅱ epithelial cells. The ac-
yltransferase adds a palmitate group to the glycerol back-
bone of  phospholipids with features of  low selectivity to 
its acceptor substrates. Targeted disruption of  this gene in 
mice increases newborn mortality[3]. Lpcat1 expresses at 
aberrantly high levels in colon tumor cells[4]. These obser-
vations suggest that Lpcat1 might possess a role distinct 
to its activity within the surfactant synthetic program. 
Lpcat1 is characterized as an ER protein with one trans-
membrane domain and a carboxyl terminal ER localizing 
signal. Hence, Lpcat1 mainly localizes in the cytoplasm. 
A recent study showed that Lpcat1 co-localized with lipid 
droplets in the cytosol and might play a role in neutral 
lipid metabolism[5]. We have previously reported that 
Lpcat1 translocates into the nucleus after calcium (Ca2+) 
stimulation; nuclear Lpcat1 subsequently catalyzes histone 
palmitoylation through direct binding to histone protein. 
In these studies, nuclear Lpcat1 mediated histone palmi-
toylation results in increased total RNA synthesis suggest-
ing that histone palmitoylation could be a novel epigenetic 
mark that controls pro-inflammatory gene transcription[6]. 
However, the nature of  the genes that are regulated by 
Lpcat1-induced histone palmitoylation are unknown. 

The host response to infectious lipopolysaccharide 
(LPS)-containing bacterial pathogens involves an ini-
tial modification of  existed gene products[7]. In-turn, 
some of  the modified effectors shift into the nucleus to 
modify histone proteins. Histone protein modification 
results in opening or closing of  the chromatin struc-
ture, subsequently switching on or off  gene transcrip-
tional expression. Well characterized post-translational 
modifications of  histone proteins include acetylation[8], 
methylation[9], phosphorylation[10], ubiquitination[11], and 
palmitoylation[6]. Of  these, acetylation is believed to be 
one of  the major known epigenetic pathways involved in 
LPS inducible inflammatory gene expression[12]. A recent 
study reported that about 139 genes are LPS inducible 
within 1 h of  LPS exposure in macrophages[13]. Inhibition 
of  acetylation by a pan-acetylation inhibitor suppressed 
38 of  the 139 LPS inducible inflammatory genes. Acety-
lation affects approximately one quarter of  the total LPS 
inducible inflammatory genes indicating that the major-
ity of  the inflammatory-inducible genes are yet to be 
determined by possibly other post-translational histone 
modifications. It is also likely that gene transcriptional 
expression in response to histone modification is highly 
complex, controlled by dual- or multi-histone modifica-
tion enzymes.

Pneumonia secondary to bacterial pathogens remains 
a major health concern and involves repetitive exposure 
of  alveolar epithelial cells to LPS that results in pro-
inflammatory gene activation. The inflammatory gene 
expression profile is vital for host immune responses, 

but exaggerated expression of  these gene products is 
frequently deleterious to the host. In this study, we ana-
lyzed the expression of  a subset of  genes that are altered 
by modulating nuclear availability of  the enzyme Lpcat1 
during LPS exposure. We found that Lpcat1 shifts into 
the nucleus in response to both LPS treatment or gram-
negative bacterial infection in lung epithelia. While knock-
down of  Lpcat1 modified somewhat LPS-inducible gene 
expression, overexpression of  Lpcat1 suppressed approxi-
mately two thirds of  the LPS inducible gene profile.

MATERIALS AND METHODS
Cell lines 
The murine lung epithelial cell line MLE-12 cells were 
maintained HITES medium complemented with 10% 
fetal bovine serum in a 37 ℃ incubator in the presence of  
5% CO2. Human embryonic kidney (HEK) 293FT cells 
were cultured in modified Eagle’s medium supplemented 
with 10% fetal bovine serum, 100 units/mL penicillin/
streptomycin, and 2 mmol/L L-glutamine. Pneumonia 
causative pathogens Haemophilus influenza and Escherichia 
coli were from ATCC and inoculated into TSB (Tryptic 
Soy Broth) plates overnight before use. Bacteria were cul-
tured in 20 mL of  TSB broth up to a density of  A = 0.6; 
MLE cells were infected with the bacteria at the indicated 
inoculums. Anti-Lamin A/C antibody and anti-histone H4 
antibody were from Santa Cruz Biotechnology, Inc. (Santa 
Cruz, CA). lipopolysaccharide (LPS) was purchased from 
from Sigma-Aldrich (St. Louis, MO). All other materials 
used in the study were the highest grades commercially 
available.

Cytosolic and nuclear fractionation 
Cells in their exponential growth stage were treated 
with 10 μg/mL LPS for 2 h or the bacteria at the con-
centrations as indicated. Extraction of  nuclear and cy-
tosolic fraction proteins was performed as previously 
described[6]. Briefly, harvested cells were suspended in 1 
mL of  cytoplasmic membrane lysis buffer (10 mmol/L 
Hepes, pH 8.0, 1.5 mmol/L MgCl2, 10 mmol/L KCl, 1 
mmol/L DTT, and 1:1000 protease inhibitor mixture). 
The cell suspension was centrifuged at 2000 rpm for 10 
min, and the supernatant was collected as the cytosolic 
fraction and condensed by Amicon Ultra filters. The 
pellet was lysed with 150 μL of  nuclear envelope lysis 
buffer (20 mmol/L Hepes, pH 8.0, 1.5 mmol/L MgCl2, 
420 mmol/L NaCl, 1mmol/L DTT, 0.2 mmol/L EDTA, 
25% (v/v) glycerol, and 1:1000 protease inhibitor mix-
ture) and cleared at 13  000 rpm for 10 min; the superna-
tant was collected as the nuclear fraction. The fractions 
were subjected to immunoblot analysis.

Nucleofection 
Nucleofection was carried out as previously described[14]. 
Briefly, one million log phase MLE cells in 0.1 mL of  
nucleofection buffer [1 × phosphate buffered solution 
(PBS), 20 mmol/L Hepes, pH 8.0] were mixed with 4 μg 
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Gene symbol Forward primer Reverse primer

L19 AGAGCTTGGAGTGCACAGGT GGGACAGTCCAAACTGGGTA
TGF-b1 GACTCTCCACCTGCAAGACC GACTGGCGAGCCTTAGTTTG
IL-13Ra1 CACAGAAGTTCAGCCACCTG AATTTGGACTGGCTCCTTCA
ILRN GTTGGAAGGCAGTGGAAGAC GCATCTTGCAGGGTCTTTTC
IL4 CCAAGGTGCTTCGCATATTT ATCGAAAAGCCCGAAAGAGT
SPHK1 GCTGTGAGGCTGGTGTTATG ATATGCTTGCCCTTCTGCAT
EDG7 ATTGCCTCTGCAACATCTCG ATGAAGAAGGCCAGGAGGTT
IL-13Ra2 TTGGTCTGCTCTTGGAAACC CAGCACACTGTAAGGCATGA
Autotaxin GAAACAGCACCTTCCCAAAC AAGGTTTCCTTGCAACATGC
LPA4 ACTGCGTTCCTCACCAACAT CGATCGGAAGGGATAGACAA
sST2 CATGGCATGATAAGGCACAC GATGCAGTGCACAGCTGATT
LPCAT1 CGACTGAGCGCCCTGCAGAA AAGGGCCAGGCCAGCAGCAT
ST2L GGAACGATGGCAAGCTCTAC GGCAGAGTGTGGTGAACAAA
EDG1 CTGTTAGATGTGGGCTGCAA ATGATGGGGTTGGTACCTGA
MMP9 CTTCGAGGGACGCTCCTATT CAAATTTGCCGTCCTTATCG
IL-1β CAGGCAGGCAGTATCACTCA AGGTGCTCATGTCCTCATCC
IL33 CCTTCTCGCTGATTTCCAAG GCTGAACAGAACGTGTGCAT
IL-13 CAGCAGCTTGAGCACATTTC ATAGGCAGCAAACCATGTCC
EDG8 ACACCAAATGCCCAGCTTAC TGGAGCACTGTGCAAAAGTC
EDG2 TCAACCTGGTGACCTTTGTG GGTCCAGAACTATGCCGAGA
IL4R TCACAGAGCAGCCTTCACAC TTGTCTGCAAGGACAAGTGG
LPA5 GCTCCAGTGCCCTGACTATC CAGAGCGTTGAGAGGGAGAC
CCTa GGAAACTCCGGGTAGTGGGTGC TTCCCTAGCTGTCACTGGCCCA
COX2 CCCCCACAGTCAAAGACACT GGCACCAGACCAAAGACTTC
CTTN AGCAGAGATGGGGTGCTAAA TTGAGCGTCTGGTGTTCTTG
SGPP2 CATCTCCTTCACCCTCCTCA CCAGCGTAGAGAACACCACA
SGPL1 AACTCTGCCTGCTCAGGGTA CTCCTGAGGCTTTCCCTTCT
IL-6 CCGGAGAGGAGACTTCACAG TCCACGATTTCCCAGAGAAC
MET CAGCCATCCCAATGTTCTCT AATTTCGCAGATCTCCATGC
EDG3 TGCCTTATGAACCCTGGAAG AAGAGCAAATGCCATCAGGT
EDG6 CTCCAAGGGCTATGTGCTCT ATTGGCTCGGACCACTCTAA
CADHERIN GCACTCTTCTCCTGGTCCTG TATGAGGCTGTGGGTTCCTC
SGPP1 GAGCAACTTGCCCGCTCTACT AAGGGGTCGAGATTCCAGAT
SPHK2 ACTGCTCGCTTCTTCTCTGC GCCACTGACAGGAAGGAAAA

Table 1  Primers used in quantitative polymerase chain reaction

of  lenti-viral vector, lenti-viral Lpcat1-shRNA, and lenti-
viral Lpcat1 DNA respectively in nucleofection cuvette. 
Electroporation was performed with pre-set program 
T-013 in NucleofectionTM Ⅱ system (Amaxa Biosystems, 
Gaithersburg, MD), and the cells were cultured in 2 mL 
of  complete HITES medium for 48 h. 

Immunoblotting 
Immunoblotting was performed as previously described[6,14]. 
During exponential growth, cells were treated with a vari-
ety of  reagents and pathogens for 2 h, and the cells were 
lysed with lysis buffer [0.3% Triton X-100 (v/v) in PBS 
and 1:1000 proteinase inhibitor mixture], or subjected to 
total RNA isolation or nuclear or cytosolic protein frac-
tionation. The fractionated proteins or cell lysate were 
separated with sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis and the proteins were transferred to 
nitrocellulose membranes. The membrane was blocked 
with 20% milk and incubated with primary and secondary 
antibodies respectively. The immunoblotting was visual-
ized with enhanced chemiluminescence and the images 
were acquired under Kodak F in vivo carestream imaging 
system. 

RNA isolation 
Total cellular RNA was isolated with Tri reagent (Invitro-
gen) following the directions of  the manufacturer. Briefly, 
cells were washed twice with cold PBS and lysed with 
0.6 mL of  cold Tri reagents. The cell lysates were mixed 
thoroughly with 0.2 mL of  chloroform, spun down and 
the upper fraction was collected. The fraction was mixed 
with same volume of  isopropanol, and centrifuged. The 
pellet was washed with 0.8 mL of  70% ethanol, and dis-
solved in RNase free water. The dissolved solution was 
digested with DNase and stored at -80 ℃ freezer.

Quantitative reverse transcription polymerase chain 
reaction 
cDNA was synthesized from isolated total RNA with 
an iScript cDNA synthesis kit (Bio-Rad) following the 
directions of  the manufacturer. A variety of  quantitative-
polymerase chain reaction (Q-PCR) primers were de-
signed based on the NCBI mouse mRNA and genome 
DNA sequence database. DNA fragments of  the PCR 
product were about 100 bp in length, the forward and 
reverse primers were primarily designed from different 
exons respectively to decrease the background noise from 
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genomic DNA contamination. The sequences of  the 
primers were listed in Table 1. Q-PCR reagents Ssofast 
evaGreen suppermix (were from Bio-Rad and the PCR 
was conducted following the directions of  the manufac-
turer. Briefly, each reaction contains 2 μL of  cDNA (from 
the reverse transcription of  0.1 μg of  total RNA), 0.8 
μL of  primers (contains 100nM of  forward and reverse 
primers), 2.2 μL of  H2O, and 5 μL of  Ssofast evaGreen 
suppermix. Q-PCR was conducted with the Bio-Rad 
C1000TM thermo cycler at a two-step program (95 ℃ 
for 3 s, and 55 ℃ for 3 s for 35 cycles). The quantitative 
reverse transcription-polymerase chain reaction (QRT-
PCR) data were analyzed by the Q-PCR analyses software 
verion 3.4 from SABiosciences. The relative gene expres-
sion level (copy numbers) was obtained by the formula 
“2^-C.1000  000” (C here donates to the cycle number of  
the gene in Q-PCR). The gene expression fold change 
was obtained by dividing the treated group with the base 
expression level of  the related gene in untreated MLE 
cells. In comparison to control, expression levels of  
genes that increased more than 2 folds represents genes 
that are defined as upregulated, whereas expression levels 
that decreased by 50% (or -2) represents genes that are 
suppressed.

Statistical analysis
All data were statistically analyzed and presented as 
means + SEM from 3 independent experiments.

RESULTS
Nuclear translocation of Lpcat1 in LPS treated cells 
We have previously demonstrated that the cytosolic phos-
pholipid synthetic enzyme Lpcat1 shifts into the nucleus 
and catalyzes histone protein palmitoylation after Ca2+ 
stimulation[6]. LPS-containing bacteria trigger Ca2+ cyto-
solic oscillations in alveolar epithelial cells and releases 

LPS to the cell surface, that in turn regulates expression 
of  genes. To evaluate whether LPS induced gene expres-
sion might regulate Lpcat1 subcellular localization, we 
treated MLE cells with LPS (10 μg/mL) for 2 h and sub-
jected the cells to nuclear and cytosolic protein extraction 
followed by immunoblotting. The cytosolic structural 
protein components β-actin and the nuclear structural 
protein lamin A/C were used as markers. Lpcat1 immu-
noblotting showed that Lpcat1 was mainly located in the 
cytosol of  untreated (control) cells, existing as multiple 
species perhaps representing phosphorylation-modified 
variants. This is consistent with prior data[6], indicating 
that Lpcat1 itself  is the subject of  posttranslational modi-
fication. The majority of  cytosolic Lpcat1 relocated into 
the nucleus after LPS treatment, with smaller amounts of  
Lpcat1 protein mass remaining in the cytosolic fraction 
(Figure 1). Among these modifications, only one form 
could enter into the nucleus. The data suggest that LPS 
containing intact bacteria might also elicit nuclear translo-
cation of  this surfactant enzyme.

Haemophilus influenzae and Escherichia coli trigger 
Lpcat1 nuclear entry in lung epithelia
Haemophilus influenzae and Escherichia coli are gram-negative 
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                                            LPS
C                  N                C               N

LPCAT1

Lamin A/C

b-actin

Figure 1  Lpcat1 shifts into the nucleus in lipopolysaccharide treated lung 
epithelia. MLE cells were treated with 10 μg/mL of LPS for 2 h. The harvested 
cells were processed for cytosolic and nuclear protein fractionation and the frac-
tions were subjected to immunoblotting with different antibodies as indicated. “C” 
donates to cytosolic fraction and “N” represents the nuclear fraction. Lamin A/C 
is used as a nuclear fraction protein marker and β-actin is the cytosolic fraction 
protein marker. The results represent three independent experiments. LPS: 
Lipopolysaccharide.

                           Haemophilus influenzae
C               N               C             N

LPCAT1

Lamin A/C

b-actin

                                Escherichia coli
C               N               C             N

LPCAT1

Lamin A/C

b-actin

Figure 2  Haemophilus influenzae and Escherichia coli trigger Lpcat1 
nuclear translocation. MLE cells were exposed to LPS-containing bacteria at 
a concentration of 109/mL for 4 h. The infected cells were then washed and cy-
tosolic and nuclear protein fractionations were prepared. Immunoblotting analy-
sis was performed using antibodies as indicated. The results represent three 
independent experiments. “C” donates to cytosolic fraction and “N” represents 
the nuclear fraction. Lamin A/C is used as a nuclear fraction protein marker and 
β-actin is the cytosolic fraction protein marker. LPS: Lipopolysaccharide.
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bacterial pathogens that release LPS eliciting biological 
responses. Immunoblotting analyses of  the subcellular 
fractions revealed that both bacterial pathogens effective-
ly caused Lpcat1 to shift from the cytosolic compartment 
to the nucleus (Figure 2). Similar to effects of  LPS, only 
one form of  Lpcat1 shifted into the nucleus, suggesting 
that Lpcat1 may be modified before entering into the 
nucleus after infection or LPS exposure. 

Lpcat1 regulates LPS inducible gene expression in lung 
epithelia
Since Lpcat1 shifted into the nucleus upon LPS treat-
ment or bacterial infection, and nuclear Lpcat1 exhibits 
epigenetic activity, we hypothesized that Lpcat1 might 
participate in the regulation gene expression induced by 
LPS. To test this hypothesis, we treated MLE cells with 
LPS (10 μg/mL) for 2 h and isolated total cellular RNA 
for QRT-PCR analysis. The genes selected for QRT-PCR 
are diverse and include inflammatory cytokines, lipid sig-
naling receptors, proteinases, and growth factors. β -actin 
was used as a systematic control to justify the variation 
among the different Q-PCR reactions. Lpcat1 itself  was 
slightly upregulated but without detectable change in pro-
tein levels (Figure 3, inset). We found that 15 genes out 
of  a total 38 screened genes were upregulated, 14 genes 
were suppressed, with 10 genes that remained unchanged 
in LPS treated cells in comparison to controls (Figure 3). 
To understand the potential regulatory role of  Lpcat1 
in LPS induced gene expression, we knocked down the 
LPCAT1 gene by hair-pin shRNA plasmid transfection. 
Lpcat1 was successfully knocked down by 48 h as shown 
by Lpcat1 immunoblotting (Figure 3). After silenc-
ing LPCAT1, cells were then challenged with LPS (10 
μg/mL) for 2 h. QRT-PCR results showed that knock-
down of  LPCAT1 by shRNA changed the spectrum of  
LPS inducible gene expression patterns. As compared 
to the infected controls, 15 genes out of  38 genes were 

upregulated, of  which 11 genes were LPS upregulated 
genes, 9 genes were LPS suppressed or unchanged genes 
compared to control. Notably, 14 LPS upregulated genes 
were downregulated in Lpcat1 knockdown cells, and 7 
genes were downregulated in both groups. These results 
indicate that Lpcat1 may regulate LPS inducible gene ex-
pression.

We next overexpressed LPCAT1 in cells by nucleo-
fection for 24 h, and then challenged the cells with LPS 
(10 μg/mL) for 2 h. Overexpression of  Lpcat1 was con-
firmed by Lpcat1 immunoblotting (Figure 4). Important-
ly, LPS inducible gene expression was suppressed after 
Lpcat1 overexpression, as 26 genes of  38 genes analyzed 
were reduced, with the exception of  10 genes that were 
upregulated, 3 genes remained unchanged. Within the 26 
suppressed genes, 7 previously identified LPS-upregu-
lated genes were downregulated, and 19 genes were LPS 
downregulated or unchanged genes. The majority of  the 
upregulated genes in the Lpcat1 knockdown group were 
suppressed. Interestingly, a few genes were similarly regu-
lated both in Lpcat1 knockdown and overexpressed cells. 
Of  them, IL-13Ra2 and EDG2, expression were sup-
pressed in both Lpcat1 knockdown and overexpressed 
cells, and another gene ST2L, was upregulated in both 
conditions. The fold regulation of  each gene was listed in 
Table 2. Overall, these observations suggest that nuclear 
Lpcat1 may regulate early gene transcription in response 
to bacterial infection.

DISCUSSION
In this study, we found that Lpcat1 relocates into the 
nucleus in lung epithelia in response to LPS-containing 
bacterial pathogens that in turn differentially regulates the 
expression several genes involved in pulmonary homeo-
stasis. We reported previously that elevated exogenous 
Ca2+ triggers Lpcat1 nuclear translocation, an effect that 

163 July 26, 2012|Volume 3|Issue 7|WJBC|www.wjgnet.com

10000

1000

100

10

0

0.1

0.01

0.001

0.0001

0.00001

0.000001

L1
9

TG
F-

b1
IL

13
Ra

1
IL

1R
N

IL
4

Sp
hk

1
ED

G
7

IL
13

Ra
2

Au
to

to
xi

n
LP

A4
sS

t2
Lp

ca
t1

St
2L

ED
G

1
M

M
P9

SP
L1

ED
G

5
ED

G
4

M
M

P2
IL

1b
IL

33
IL

13
ED

G
8

ED
G

2 
IL

4R
LP

A5
CC

Ta
Co

x2
CT

TN
SG

PP
2

SG
PL

1
IL

6
M

ET
ED

G
3

ED
G

6
E-

ca
dh

er
in

SG
PP

1
Sp

hk
2

Re
la

tiv
e 

m
R
N

A 
le

ve
l

Vector

shRNA

LPS (10 mg/mL)     -       +       +
Lpcat1 shRNA      -        -       +

Lpcat1

b-actin

Figure 3  Lipopolysaccharide inducible gene expression profiles after Lpcat1 knockdown. Protein levels were determined with Lpcat1 immunoblotting in wild 
type, LPS treated wild type, and LPS treated Lpcat1 knockdown MLE cells as showed in the imbedded image. Total cellular RNA was extracted from cells and quanti-
tative reverse transcription-polymerase chain reaction analysis was performed. The relative mRNA levels of the genes in LPS treated samples were normalized by the 
same gene from untreated MLE cells. The data represents the mean value (mean + SEM) from three independent experiments. LPS: Lipopolysaccharide. 
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leads to histone modification that modulates global gene 
transcriptional activity[6]. However, the repertoire of  spe-
cific genes that might be modulated by Lpcat1 was not 
investigated. In this study, we used a biologically relevant 
in vitro model system to assess the gene profiles that are 
modulated by relevant pulmonary bacterial pathogens 
and a major cell wall component that elicits alveolar in-
jury and inflammation. Similar to Ca2+, LPS and bacterial 
pathogens were sufficient to trigger Lpcat1 nuclear entry 
in cells. Similar nuclear translocation behavior occurs with 
another surfactant synthetic enzyme, cholinephosphate 
cytidyltransferase, after stimulation with bacteria, high 
concentrations of  Ca2+, or extracellular hypertonicity[15-17]. 
As gram-negative pathogens and LPS increase cytosolic 
Ca2+ levels in lung fluid and cytoplasm of  epithelia, these 
factors may synergistically mediate nuclear translocation 
of  such lipogenic enzymes. The biological relevance of  
our findings is that in gram negative bacterial infection 
caused sepsis or pneumonia, these pathogens may trigger 
modification of  histones by nuclear import of  Lpcat1, 
which could lead to attenuated levels of  key genes that 
maintain lung balance or partake in lung host defense or 
repair. 

There is a discrepancy in the immunoblotting bands 
of  Lpcat1 in subcellular fractions and in whole cell ly-
sates. We previously reported that Lpcat1 was susceptible 
to a variety of  posttranslational modifications[14]. These 
modifications are, but not limited to, phosphorylation 
(at residues of  S178-182) or ubiquitination (at K221). 
Therefore, it is possible that a range of  modified Lpcat1 
coexist in the settings of  LPS treatment and bacterial in-
fection. Furthermore, subcellular fractionation procedure 
takes several hours. Particularly, the subcellular cytosolic 
fraction has been concentrated and the cytosolic proteins 
were been enriched in Figures 1 and 2, so we see more 
bands in cytosol fractionations as compared to the one 
band in regular total cell lysates. In the bacterial infection 
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Figure 4  Overexpressed Lpcat1 suppresses lipopolysaccharide inducible gene expression. Lpcat1 protein levels were determined by immunoblotting in wild 
type, LPS treated wild type, and LPS treated Lpcat1 overexpressed MLE cells as in the imbedded image. Quantitative reverse transcription-polymerase chain reaction 
analysis was performed by using total cellular RNA extracted from wild type, LPS treated wild type, and LPS treated Lpcat1 overexpressed cells. The relative mRNA 
levels of the genes in LPS treated samples were normalized by the same gene from untreated MLE cells. The data represents the mean value (mean + SEM) from 
three independent experiments. LPS: Lipopolysaccharide. 

Table 2  Lpcat1 regulates gene expressionreaction

Gene symbol Vector Lpcat1 shRNA Lpcat1 overexpression

IL-1β        2.29   119.70     -29.79
IL1RN -1344.87       8.22 -8579.43
IL4 -3029.24     -2.65        1.86
IL4R        5.79       1.17       -7.18
IL6        7.38     10.88    998.30
IL13     -19.56     -4.02  1237.60
IL13Ra1   -171.65     65.34   -544.96
IL13Ra2 -2845.00     53.32    207.94
IL33      20.48       1.38       -1.46
Autotaxin      17.47       4.17       -3.50
sST2      -4.11 1667.34      21.91
ST2L        2.42   138.14    781.44
TGF-b1       -1.07      -6.35     -14.69
COX2      13.33       2.40      8.0
MMP2     -13.55   443.67   -565.48
MMP9        7.00   124.79       -1.99
EDG1     -93.05   541.37 -1231.90
EDG2       -6.85      -1.26     -48.50
EDG3        2.07     30.06       -3.70
EDG4       -1.27     83.48     -36.25
EDG5       -1.59     50.21   -198.09
EDG6     -70.20      -1.56   -343.30
EDG7   -180.60 -1978.24  2189.93
EDG8   -441.62       -2.52       19.79
CCTa     -17.71   -227.54   6397.68
CCTN       -1.49        1.10     -22.63
SPL1        5.62        7.11     186.54
SGPP1       -2.80      -2.30     -64.73
SGPP2     -26.85      67.18     305.14
SGPL1       -1.56       -1.17     -65.04
SPHK1       -8.28      22.37   -133.74
SPHK2        1.59      -2.63  1223.39
LPA4     -21.96      15.63   -110.15
LPA5        1.15    275.01  3590.58
MET        1.72      -8.00     -38.49
E-CADHERIN      -2.62    -18.77   -155.41
L19 - 667.15       6.09 -2752.77
LPCAT1        3.04      -5.24    132.21

Gene expression fold changes were adjusted by baseline expression of 
each gene in the untreated normal cells.
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experiments, the bacterial infected cells and control cells 
were maintained in bacterial incubator for 4 h without 
the supplement of  5% CO2 and 85% humidity. All the 
variation in experimental conditions may contribute to 
the discrepancy in Figures 1-4. 

Both LPS or bacterial infection triggers only one form 
of  Lpcat1 enters into the nucleus, a raised question is 
how this Lpcat1isoform is transported. We analyzed the 
sequence of  the Lpcat1 and found that the NH-terminus 
contains a potential bipartite nuclear localization signal 
(NLS) peptide that is for nuclear translocation, deletion 
of  the first 100 amino acids in its NH-terminus dimin-
ished its nuclear shifting with a relatively retained intact 
enzymatic function (unpublished data). This region also 
contains a Calmodulin binding domain and a possible ser-
ine phosphorylation site within the domain. We speculate 
that the Lpcat1 molecule should firstly bind to calcium 
and Calmodulin. Then, a kinase (potentially Calmodulin 
kinase Ⅰ or Calmodulin kinase Ⅱ) will phosphorylate 
the serine residue by bridge binding to calmodulin. The 
phosphorylated serine residue in the NLS signal peptide 
makes the NLS signal ready to associate with Importin 
and the Lpcat1 molecule migrates into the nucleus. This 
line of  research works are undergoing.

The pattern of  genes affected by Lpcat1 silencing 
or overexpression was complex and includes genes that 
encode expression of  proteins involved in inflamma-
tion, signaling, biosynthetic proteins, matrix proteases, 
and membrane receptors. By gain of  function and loss 
of  function approaches, we found that Lpcat1 exhibits a 
tendency to be a transcriptional suppresser in the small 
population of  genes we screened. This was evidenced by 
our findings that overexpression of  Lpcat1 suppressed 
two third (26/38) of  the genes screened. In contrast, 
knockdown of  Lpcat1 by shRNA upregulated the expres-
sion levels in about half  (20/38) of  the genes analyzed. 
To obtain a more comprehensive analysis of  genome-
wide Lpcat1 regulated activity, further studies using 
microarray or ChIP-sequencing is necessary. One caveat 
in data interpretation of  our profiles is that Lpcat1 itself  
appears upregulated by LPS stimulation. Nevertheless, as 
we confirmed that Lpcat1 protein decreased after Lpcat1 
knockdown and increased after Lpcat1 overexpression 
indicating that these maneuvers were successful. Overall, 
our findings may open a new field of  epigenetic study by 
a lipogenic enzyme that might shed light on the immuno-
biology of  pulmonary infectious disease.

COMMENTS
Background
Post-translational modification of histones has emerged as a major regulatory 
mechanism that controls gene transcriptional activity by changing chromatin 
architecture. Histones package and organize DNA into structural subunits (nu-
cleosomes) and regulate DNA accessibility, and are subject to extensive cova-
lent post-translational modifications (methylation, acetylation, phosphorylation, 
etc.) These modifications, can in turn, selectively control gene expression that 
impact diverse processes such as development, carcinogenesis, and immunity. 
In the study of lung surfactant synthetic enzyme Lpcat1, the authors serendipi-

tously found that this cytosolic resided enzyme migrates into the nucleus and 
O-palmitoylates histone protein by direct binding under certain conditions. The 
physio-pathological significance of this novel epigenetic code is illusive.
Research frontiers
Histone modification has been the hottest research topic for the last two de-
cades; it impacts significantly in both basic biological sciences and clinical 
applications. Lipidation of histone is a novel paradigm of these modifications. 
Fatty acid may not only be an energy source, a membrane component but also 
rigorously participate into gene expression regulation. The authors revealed 
histone O-palmitoylation and discovered the first enzyme Lpcat1 that modifies 
histone by O-palmitoylation. O-palmitoylation of histone results in gene expres-
sion. This study is the first attempt to linearize the Lpcat1 epigenetic function by 
using an acute lung injury model. 
Innovations and breakthroughs
This study for the first time describes that a phospholipid enzyme Lpcat1 shifts 
into the nucleus under LPS treatment and bacterial infection. Nuclear Lpcat1 
rigorously regulates inflammatory gene expression. Overexpression of Lpcat1 
appears to repress the gene transcription while knockdown of Lpcat1 unleashes 
repression function which leads into robust gene expression.
Applications
This study could be expanded to other physio-pathological process such as 
development, immunity, cancer, etc.
Terminology
Epigenetics is a rapidly emerging process that refers to non-DNA sequence 
changes that can significantly affect the clinical phenotype or expression of 
genes. One of the most important mechanisms of epigenetics is the modifica-
tion of histone proteins. O-palmitoylation is a covalent attachment of a saturated 
free long fatty acid palmitoyl group (C16:0) to a phospholipid or a protein sub-
strate via an oxy easter linkage. 
Peer review
This paper studied the role of Lpcat1 in regulating inducible gene expression 
in lung epithelia. The major finding is that Lpcat1 relocated into the nucleus in 
response to LPS. And LPS-containing bacterial pathogens has the similar ef-
fect on the expression of Lpcat1 in regulating the expression of several genes 
involved in pulmonary homeostasis, which provides some useful information for 
understanding this gene. However, there are some questions to be addressed.
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