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PLD4 promotes M1 macrophages to perform
antitumor effects in colon cancer cells
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Abstract. Phospholipase D4 (PLD4) is a newly identified
protein expressed in microglia. However, the function of PLD4
in tumor-associated macrophages (TAMs) is unknown. In the
present study, we revealed that the expression of PLD4 was
located in macrophages in the colon cancer mesenchymal and
lymph nodes as shown by immunohistochemical analysis.
Furthermore, its expression was associated with clinical
staging of colon cancer. Then, THP-1 as a cell model induced
into TAMs. Western blot and RT-PCR analysis showed that
PLD4 was mainly presented in M1 phenotype TAMs. The
secretion of pro-inflammatory cytokines in M1 macrophages
was significantly reduced after the expression of PLD4
inhibited by PLD4-siRNA. Furthermore, co-cultured with
condition-medium from control or PLD4-siRNA M1 macro-
phages for 24 h, cell apoptosis, cycle and proliferation of cancer
cells improved compared to control. These results indicated
that PLD4 could be involved in the activation process of M1
phenotype macrophages.

Introduction

Colon cancer is one of the most common tumors with high
cancer-related mortality rate, and millions of new cases yearly
diagnosed in the world (1). Colorectal tumor environment
mainly comprised endothelial, mesenchymal and immune
cells. Abundant evidence indicated that immune cells played
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a key role in the recognition and abolishing cancer cells. The
concept of cancer immune-surveillance has been supported
by research showing that immune-deficiencies facilitate easy
development of a neoplasm, further studies by animal models
with inhibition of specific genes coding for the immune
response resulted in a higher susceptibility to develop spon-
taneous or chemically-induced cancers (2,3). Previous studies
showed that the infiltration of TAMs in colorectal cancer
predicted a good prognosis (4-8). TAMs have been shown to be
highly plastic cells that can display both tumor preventing (M1
macrophages) and tumor promoting functions (M2 macro-
phages) (9,10). Further studied on the distribution of M1 and
M2 macrophage phenotypes in colorectal cancers showed that
patients who had high numbers of infiltrating M1 macrophages
obtained a significantly better prognosis (11). M1 macrophages
stimulated cell-mediated responses via secreting pro-inflam-
matory cytokines such as IL-1, IL-6,IL-12,IL-23 and TNF-a.
Furthermore, the M1 macrophages served as a critical cellular
component involved in the inflammatory response and anti-
tumor function (12). Conversely, the M2 macrophages exerted
anti-inflammatory and pro-tumorigenic activities through the
production of anti-inflammatory cytokines (IL-10 and TGF-f3)
and high levels of decoys that antagonized IL-1, such as IL1RII
and IL-1 receptor antagonist (10,13).

Phospholipase D4 is a member of the family of phospho-
lipid enzymes and mainly expressed in early mouse microglia.
But unlike PLDI1 and PLD2, PLD4 exhibited no enzymatic
activity for transforming phosphatidylcholine into choline and
phosphatidic acid (14). After treated with LPS, the expres-
sion of the PLD4 in microglia was increased which could
promote the function of phagocytosis (15). Recent studies
have indicated mutation in PLD4 gene was associated with
two autoimmune diseases, named systemic sclerosis (16) and
rheumatoid arthritis (17), both had abnormal inflammatory
skin lesions symptoms (18). Although PLD4 was involved in
microglia phagocytosis, there is little known on its function
and the mechanism, thus PLD4 needed to be explored.

In the present study, we analyzed the distribution of PLD4
in colorectal cancer of different grades, clinical and patho-
logical. Notably, the positive rate of PLD4 was associated
with clinical staging of colon cancer. We observed that the
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expression of PLD4 was located in cancer tissue mesenchyme
and lymph nodes. Combined with the previous study that
PLD4 existed in microglia and promoted the phagocytosis of
microglia after LPS stimulation, we hypothesized that TAMs
were candidates. Then, the expression of PLD4 in TAMs was
examined by using THP-1 as a model of macrophages. Our
results demonstrated that the expression of PLD4 was closely
associated with M1-type macrophages, and inhibition of its
expression in M1 macrophages by siRNA led to a significant
decrease in the secretion of pro-inflammatory cytokines
IL-1, IL-6 and TNF-a. Either condition medium from PLD4
siRNA-treated M1 or control-M1 cells was co-cultured with
colon cancer cells. We observed significant changes in prolif-
eration, cell cycle and apoptosis in colon cells suggesting that
this protein was involved in activation of M1 cells in vitro, and
promoted an inhibition effect in colon cancer.

Materials and methods

Cell culture. The THP-1, HCT116, HT29 and SW620 cell lines
were cultured in 5% CO, at 37°C in RPMI-1640 supplemented
with 10% fetal bovine serum (FBS). The cell lines were
obtained from the American Type Culture Collection (ATCC;
Manassas, VA, USA).

THP-1 macrophage preparation and condition medium
collection. THP-1 cells were seeded in 6-well plates
(5x10° cells/well). For preparation of M1-polarized THP-1
macrophages, 50 ng/ml phorbol myristate acetate (PMA;
Sigma-Aldrich, St. Louis, MO, USA) was added to THP-1
cells for 48 h, followed by 20 ng/ml interferon-y (IFN-vy;
Peprotech, Rocky Hill, NJ, USA) and 100 ng/ml lipopoly-
saccharide (LPS; Sigma-Aldrich) for the following 40 h. For
preparation of M2-polarized THP-1 macrophages, 50 ng/ml
PMA was added to THP-1 cells for 48 h, followed by 20 ng/ml
interleukin-4 (IL-4; Peprotech) for the following 40 h. The
M1 cells were transfected by 20 nM siRNA against PLD4 or
control siRNA (Invitrogen, Carlsbad, CA, USA) for 24 h with
the PrimaPort siRNA transfection reagent (Invitrogen). Cell
supernatants of macrophages under different conditions were
collected for further research.

Flow cytometric analysis. M1 type macrophage cell markers
were analyzed in flow cytometry (BD FACSCalibur flow
cytometer) by using phycoerythrin (PE)-conjugated mono-
clonal antibody against CD86 (eBioscience) allophycocyanin
(APC)-CD16 (eBioscience). Matched isotope controls were
included in all experiments. Data were analyzed with the
CellQuest Pro software (Tree Star, Inc., Ashland, OR, USA)
after gating the macrophages population in the FSC/SSC
window.

Immunohistochemical analysis. The continuous paraffin
sections (5 pm) were boiled in citrate buffer (pH 6.0) for
10 min in a microwave oven for heat-induced antigen retrieval.
The sections were incubated for 1 h in 0.01 M phosphate-
buffered saline (PBS) that contained 10% goat serum
(PBS-TGS), then overnight at 4°C with primary antibodies
(PLD4: LifeSpan BioScience, Inc., Seattle, WA, USA; CD68:
ZSGB-BIO, Beijing, China) diluted in PBS-TGS. Continuous
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paraffin sections from one carcinoma lymph node were used
to immunostain primary antibodies PLD4 and CD68 in order
to analysis the distribution of the PLD4. After washing with
PBS three times, the sections were incubated with biotinylated
secondary antibodies for 2 h at room temperature (RT). They
were incubated with the ABC reagent (1:50; ZSGB-BIO) for
30 min at RT, and immunoreactions were visualized using
DAB kit (ZSGB-BIO) 10 min at RT. Images were captured by
light microscopy.

Patients and tissue samples. Primary colon carcinoma tissues
and their matched adjacent normal intestinal tissues were
obtained from 12 colon cancer patients who underwent gastro-
intestinal cancer resection without preoperative treatment at
the Department of Chengdu Military General Hospital and the
First Affiliated Hospital of Chengdu Medical College. Signed
informed consents were obtained from all patients. The study
was approved by the Medical Ethics Committee of Chengdu
Medical College.

Western blot analysis. Cells were scraped and centrifuged
at 400 x g for 5 min. The cell pellets were washed twice
with ice-cold PBS and resuspended in ice-cold RIPA buffer
[50 mM Tris-HCI, pH 7.6, 150 mM NaCl, 1% NP-40, 1%
sodium deoxycholate, 0.1% sodium dodecyl sulfate (SDS),
1 mM Na,;VO,, I mM NaF] supplemented with protease
inhibitors. The protein content of the lysates was measured
by the BCA protein assay kit. We loaded 45 ug of proteins
on SDS-PAGE and the separated proteins were transferred
onto PVDF membranes. Blots were blocked for 2 h at room
temperature in TBS containing 0.1% Tween-20 (TBS-T), 5%
non-fat dry milk. After blocking, the membranes were probed
overnight at 4°C with the primary antibody diluted in TBS-T
containing 5% non-fat dry milk. The membranes were washed
four times for 20 min with TBS-T and probed with horse-
radish peroxidase-conjugated secondary antibody (mouse
anti-, rabbit anti-; ZSGB-BIO) used at a 1:10,000 dilutions in
TBS-T for 1 h. After four washes for 20 min in TBS-T, the
membranes were developed using chemiluminescent substrate
and exposed to BD ECL Hyperfilm. The following primary
antibodies were used in this study: rabbit anti-PLD4 antibody
(LifeSpan BioScience; dilution of 1:500), and mouse anti-f3-
GAPDH (ZSGB-BIO; dilution of 1:1,000).

Enzyme-linked immunosorbent assay (ELISA). To determine
the macrophage activation levels among the different induced
conditions in vitro, the amount of IL-1, IL-8, IL-6, tumor
necrosis factor-a (TNF-a) in the culture medium was measured
by human instant ELISA kit (Elabscience Biotechnology, Co.,
Ltd., Wuhan, China), according to the manufacturer's instruc-
tions.

RT-PCR and qRT-PCR analysis. Total RNA was extracted
from M1 cells grown in 6-well culture plates (5x10° cells/well)
by TRIzol Plus RNA purification kit (Invitrogen). Isolated
total RNA was then reverse transcribed with Takara RNA LA
PCR™ kit (AMV; Promega, Madison, WI, USA) ver.1.1. To
detect the expression of PLD4, stem-loop reverse transcription
PCR (RT-PCR) was performed using a qRT-PCR detection kit
(Takara Bio, Shiga, Japan) according to the manufacturer's
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Figure 1. Sections prepared from colon cancers [B and D (with DAP): colon carcinoma, E and F (without DAP): carcinoma lymph node], and adjacent normal
intestinal (A, colon, C, colon lymph node) were immunostained with antibodies against PLD4.

instructions. PLD4 and control glyceraldehyde-3-phoshate
dehydrogenase (GAPDH) cDNAs (for RT-PCR) and B-actin
(for gqRT-PCR) were amplified by the following specific primer
sets. PLD4-R, CAGGGAAATGTTCCTGCCCA and PLD4-F,
CGTCCACGTGGCTTCATACT; GAPDH-R, CCCCACTTG
ATTTTGGAGGGA and GAPDH-F, AGGGCTGCTTTTAA
CTCTGGT; B-actin-R, GCCCACATAGGAATCCTTCTGAC
and B-actin-F, AGGCACCAGGGCGTGAT.

siRNA treatment. The commercially available double-stranded
siRNA oligonucleotide against PLD4 gene was purchased
from Invitrogen. The M1 cells were transfected by 20 nM
siRNA against PLD4 or control siRNA (Invitrogen) for 24 h
with the PrimaPort siRNA transfection reagent (Invitrogen),
according to the manufacturer's protocol. The efficiency of
siRNA to knock down the PLD4 was determined by western
blot analysis and qRT-PCR.

Cell proliferation assay, cell cycle assay and apoptotic cells.
HT-29, HCT116 and SW620 colon cells were plated at 10*
cells/well in a 96-well plate that contained 100 yl RPMI-1640
supplement with 10% FBS for 24 h (19). Then, the culture
medium was replaced by PLD4-siRNA (20 nM) group,
control-group cell supernatant of M1 macrophages for another
24 h. For cell proliferation assay, the cells were quantified using
a Cell Counting kit-8 (CCK-8; Nanjing KeyGen Biotech, Co.,
Ltd., Nanjing, China). After 0.5, 1,2 and 4 h of incubation with
the reagent, each time-point absorbance at 450 nm was deter-
mined using a microplate reader. The measured absorbance
at 0 h after adding supernatant was used as a standard value.
For the cell cycle assay, cells were fixed at 4°C overnight with
70% ice-cold ethanol, washed again with PBS and incubated

with 100 1 RNaseA (Nanjing KeyGen Biotech) at 37°C for
30 min. Staining was with 400 pl propidium iodide (Nanjing
KeyGen Biotech) for 15 min at 4°C. The DNA content of
cells was analyzed with a FACSCalibur flow cytometer (BD
Biosciences) using the CellQuest software. Treated cells were
harvested, washed with phosphate-buffered saline (PBS) and
then centrifuged at 400 x g for 4 min. The cell pellets were
then suspended in 400 pl of Annexin V-FITC/PI apoptosis
detection kit (Nanjing KeyGen Biotech) at room temperature
for 15 min in the dark. Annexin V-FITC binding was analyzed
by flow cytometry (Ex=488 nm; Em=530 nm) FL1 channel
for detecting Annexin V-FITC staining and FL3 channel for
detecting PI staining. Annexin V-positive, PI-negative cells
were scored as early apoptotic, and double-stained cells were
considered as late apoptotic.

Statistical analysis. The data were presented as the mean + SE.
Student's t-test (two-tailed) or a one-way analysis of vari-
ance was employed to analyze the in vitro and in vivo data.
Chi-square test was used to analyze the relationship between
the PLD4 expression and the clinical or pathological factors.

Results

Phospholipase D4 is present in colon cancer tissues.
Immunohistochemical analysis revealed that the main expres-
sion of PLD4 was located in the colon cancer mesenchymal
and lymph nodes compared with normal tissues. In addition,
immunohistochemistry showed strong PLD4 signals in the
cytoplasm consistent with the results of previous studies
(Fig. 1). Notably, PLD4 expression was associated with clin-
ical staging of colon cancer, not pathological stage (Table I).
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Figure 2. Continuous paraffin sections from a carcinoma lymph node were used to immunostain primary antibodies PLD4 (C and D) and CD68 (A and B) by
immunohistochemical analysis in order to analyze the distribution of the PLD4. The rectangular box in the pictures represents the same position at A and C,

x100 magnification; B and D, x200 magnification.

Table I. The Chi-square test results indicating that the expres-
sion of the PLD4 is related to the clinical stage (P<0.05).

Result
Positive

Characteristics N Positive Negative P-value  rate
Age (years) 117 53 64 0.969 045
<55 30 14 16 047
55-70 51 24 27 047
>70 36 15 21 042
Gender 130 55 75 0.996 042
Male 72 31 41 043
Female 58 24 34 041
Histological 100 37 63 0.168 0.37
differentiation

Poorly 27 8 19 0.30
Moderately 46 15 31 0.33
Well 27 14 13 0.51
TNM stage 109 56 53 0.006 0.51
I 40 29 11 0.72
I 46 19 27 041
11 6 1 5 0.17
v 17 7 10 041
Distant 109 56 53 0.318 0.51
metastasis

Yes 17 7 10 041
No 92 10 43 0.35

Moreover, we observed that the earlier the clinical stage, the
higher positive rate of PLD4 (0.71 vs. 0.17). At the same time,
we observed the relation between CD68-positive macrophages
and PLD4-positive cells in continuous paraffin sections from
a carcinoma lymph node, and concluded that PLD4 could
exist partly in macrophages in colon cancers (Fig. 2). Then we
confirmed the expression of the PLD4 in 12 human surgical
specimens by western blot analysis (tumor tissues obtained
without any chemotherapy). Though colon carcinoma tissues
and their matched adjacent normal intestinal epithelia both
exhibited the expression of PLD4 band at 48 kDa (Fig. 3A),
we found that the tissues of tumor showed higher expression
of PLD4 compared with normal (Fig. 3B). The PLD4 may be
related to the tumor prognosis. These results suggested that
phospholipase D4 was present in differential macrophages in
colon cancer.

PLD4-positive cells are the MI-polarized TAMs derived
from THP-1. The above results suggested phospholipase D4
was presented in differential macrophages in colon cancers.
Combined with the previous study that PLD4 existed in
microglia and could enhance microglia phagocytosis after
LPS stimulated, we hypothesized that M1 type TAMs were
candidates in PLD4. In order to examine the expression of
PLD4-positive cells, using THP-1 cells induced into tumor-
associated macrophages as described (Fig. 4A). By flow
cytometric analysis, the M1 macrophages showed higher
levels of MHCII cell marker CD86 and CD16 compared to
macrophages (20) (Fig. 4B). The expression of IL-1, IL-6,
IL-8 and TNF-o among macrophages, M1 and M2 cells was
detected by ELISA (Fig. 4C). The expression of PLD4 in
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Figure 3. (A) Primary colon carcinoma tissues and their matched adjacent normal intestinal epithelia were obtained from 12 colon cancer patients who
underwent gastrointestinal cancer resection without preoperative treatment. The western blot analysis (30 ug proteins, 10% SDS-PAGE) using anti-PLD4
antibody revealed that the levels of PLD4-related bands. (B) We used the ratio of PLD4/GAPDH to show the relative level of PLD4 between colon cancers and
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M1 cells compared with those in macrophages and M2. (E) Total RNA was isolated from these cells and analyzed by RT-PCR for PLD4 mRNA expression.

“P<0.01.

TAMs was confirmed by western blot analysis and RT-PCR
(Fig. 4D and E). Western blot analysis of LPS plus IFN-y
induced M1 and IL-4 induced M2 cell homogenates exhibited
mainly M1 cells existed in PLD4-related bands of 48 kDa
(Fig. 4D), and the expression of PLD4 mRNA in M1 cells was
confirmed by RT-PCR at bands of 300 bp (Fig. 4E). The result

showed all pro-inflammation factors in M1 cells were upregu-
lated compared the other macrophages. M1 tumor-associated
macrophages expressed PLD4.

PLD4-siRNA interference reduces the activation of M1
macrophages. After M1 macrophages were seeded in 6-well
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plates with siRNA (20 nM) or vehicle for 24 h, decreased
expression of PLD4 was confirmed by western blot analysis
and qRT-PCR. A marked decrease in PLD4 bands was found
in siRNA-treated cells compared with control (Fig. 5A). The
relative PLD4 mRNA level both in PLD4-siRNA-treated cells
and NG-siRNA treatment for 24 h was detected by qRT-PCR
(Fig. 5B). A decrease of PLD4 mRNA in PLD4-siRNA-
treated cells compared with control. At the same time, the
cell pro-inflammation factor levels of TNF-a, IL-1 and IL-6
in the culture medium were detected by ELISA. The siRNA
interference showed temporarily reduced release of IL-1, IL-6
and TNF-a in M1 cells (Fig. 5C). These results indicated that
immunoreactivity of the M1 cells were inhibited.

PLD4 stimulates M1 macrophages to develop antitumor
effects in colon cancer cells. We co-cultured HT-29, HCT116,
SW620 colon cancer cells with the condition medium (CM)
from siRNA-interfered and untreated M1 cells for 24 h.
Marked changes in tumor proliferation were observed by
CCK-8 kit when HT-29, HCT116 and SW620 cells were
co-cultured with two types of M1 cells and controls for 24 h
(Fig. 6A). Using the well-described Annexin V binding assay
coupled to a flow cytometric analysis allowed the distinction
to be made between early (Annexin V-positive/PI-negative
cells) and late (Annexin V-positive/PI-positive cells) apop-
tosis to determine when cell death occurred. An obvious
increase in the number of apoptotic cells was noted in M1
group cells compared with control and PLD4-siRNA group

(Fig. 6B and C). At the same time, we examined the cell
cycle phase changes in three types of colon cancer cells after
culturing with different types of macrophages for 24 h. The
CM from M1 induced accumulation of S-phase cells in HT-29
(P<0.05), but in PLD4-siRNA treatment and control groups,
there were no significant changes observed, compared with
PLD4-siRNA and control groups, the percentage of GO/G1
cells in SW-620 were increased visibly (P<0.05) (Fig. 6D).
However, no significant change was observed in HCT116 from
each group (Fig. 6D). The three tumor cell types cultured with
the inhibition of PLD4 in M1 cells showed more proliferation,
shorter cell cycle and less apoptosis compared to the normal
actived M1 macrophages.

Discussion

In colon cancer specimens, Forssell et al (5) suggested that
TAMs prevented tumor development because patients with a
high infiltration of TAMs had a better prognosis and survival
rate. De-Nardo et al (21) noted that the leukocyte composi-
tion of established tumors, in which immunosuppressive
M2-like TAMs likely predominated over M1 macrophages.
Prada et al (22) and Wang et al (23) suggested that incipient
tumors, which may be more immunogenic than established
lesions, contained higher proportions of M1-like TAMs, which
could initiate adaptive immune responses. In the present study,
we analyzed the expression of PLD4 in 109 colon cancer speci-
mens during different clinical and pathological grades by IHC.
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Figure 6. (A) The proliferation, (B and C) apoptotic, (D) cell cycle of HT-29,

HCT116 and SW620 cells treated with condition medium (CM) from negative

control, M1, siPLD4-M1 cells for 24 h. (A) Their cell viability was determined by the CCK-8 at 0.5, 1, 2 and 4 h. The apoptotic rates (B and C) and cell cycle

(D) of colon cancer cells were measured by flow cytometry. ““P<0.01.

PLD4 mainly expressed in cytoplasmic region based on the
immunohistochemical analysis. In addition, the results from
Table I suggested that the earlier the clinical stage, the higher
positive rate of PLD4. Western blot analysis in 12 human
surgical tissues without any chemotherapy at early clinical
stage, confirmed a surprise outcome that all of the detected
samples expressed PLD4, but the tissues of tumor showed
higher expression of PLD4 compared with normal. A study

by Steidl er al (24) showed that tumor-associated macrophages
could affect the prognosis of lymphoma in patients. Thus,
we selected continuous paraffin sections from a carcinoma
lymph node to analysis the relation between CD68-positive
macrophages and PLD4-positive cells and showed that PLD4
existed partly in macrophages in colon cancers by immuno-
histochemistry (Fig. 2). The AJCC 20009 statistics showed
that only in relatively early stages can surgical resection be
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conducted on patients with colon cancer (25). Moreover,
we found that HCT116 and HT29 colon cancer cells did not
express PLD4 (data not shown). Thus, we considered that
the expression of PLD4 could be associated with the patient
prognosis and existed in macrophages, but not in tumor cells.
Since previous studies showed that PLD4 was present in
microglia cells after treatment with LPS, it was attractively
to speculate that M1 polarization TAMs in colon cancer may
express PLD4, because the M1 macrophages were induced by
LPS plus IFN-y. Macrophages were a key component of the
tumor-infiltrating immune cells and they could considerably
affect tumor progression (21,26-28).

Considering these findings, in vitro, we induced THP-1
cells differentiated into M1 macrophages by adding phorbol
myristate acetate (PMA) to THP-1 cells for 48 h, subsequently
adding IFN-y and LPS for the following 48 h. In addition,
M1 cells were characterized by the expression of CD86,
CD16 through flow cytometric analysis. The production of
pro-inflammatory factors IL-1, IL-6, IL-8 and TNF-a were
detected by ELISA. In M1 macrophages, a higher production of
IL-1, IL-6, IL-8, TNF-a which exerted a function of antitumor
effect (9,12) compared with other types of macrophages was
observed. Based on these results, we suggested that the M1
macrophages were active and played an important role in anti-
tumor progress. Subsequently, cells were harvested for western
blot analysis and RT-PCR analysis. Western blot analysis (45 ug
proteins, 10% SDS-PAGE) using PLD4 antibody revealed that
PLD4-positive bands were located in the 48 kDa. The expres-
sion of PLD4 mRNA was confirmed by RT-PCR. Thus, PLD4
existed in M1 macrophages originated from THP-1 cells.

Furthermore, phospholipase D4 is a member of the family
of phospholipid enzymes (14), and is mainly expressed in spleen
and early microglia (15). Recent studies showed two autoim-
mune diseases, sclerosis and rheumatoid arthritis, were related
to PLD4 mutation (16,17). Although PLD4 seemed to have some
immunological functions, little was known about its function
in cells. PLD4 might be transported extracellularly into the
nucleus. We used siRNA interference to show partial inhibition
of the PLD4, and showed a significant decrease in IL-1, IL-6
and TNF-a levels. It is known that the function of macrophages
largely depends on the level of cytokine. When high levels of
Thl cytokines, such as tumor necrosis factor (TNF), IL-1 and
interferon (IFNs) were present, the pro-inflammatory M1 macro-
phages could be established and had an antitumor effect (29).
PLD4 might play an important role in regulating activation of
M1 macrophages at least in stimulating macrophages increasing
the release of pro-inflammatory cytokines.

To the best of our knowledge, activated M1 macrophages
exerted an important role in antitumor effects. Then, we
co-cultured HCT116, SW620 and HT29 colon cells with cell
supernatant of M1 and si-PLD4 M1 macrophages for 24 h.
We found that colon cancer cells showed reduced prolif-
eration, marked increased of apoptosis and cell cycle in M1
macrophages compared with si-PLD4 M1 cells. These results
demonstrated that THP-1-differentiated M1 macrophages
induced by LPS could release a high level of TNF-a, IL-1,
IL-6, and all were secreted into cell supernatant leading to
death occurring in colon adenocarcinoma cells. Thus, PLD4
could possess a function to send signals in activation process
of the M1 macrophages.
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The nuclear factor-kB (NF-«B) and the signaling trans-
ducer and activator of transcription (STAT) pathways are
known to play pivotal roles in the transcriptional profile of
macrophages. Among the transcriptional factors, STAT1 and
canonical NF-«B (p50/p65 heterodimer) were essential for the
M1 tumoricidal functions and triggered the expression of pro-
inflammatory cytokines (30). LPS is a well-known activator
of the NF-kB pathway and was important in the establish-
ment of the M1 phenotype of macrophages. The detoxified
derivative of LPS had also shown promise as an adjuvant of
anticancer vaccines. A number of 79 clinical trials of this
drug are ongoing (31). M1-type macrophages are capable of
inducing lysis in various types of cancer cells, but the mecha-
nism of action need further exploration. It has been previously
identified that more unknown proteins together with protease
which could activate macrophages might be responsible for
this action (32). PLD4 possibly belonged to these ‘an unknown
protein’ and used unknown pathways to activate the macro-
phages. The manner of PLD4 impacted on macrophage
activation still needed further study.

To conclude, the role of TAMs in tumor environment was
complex since their behavior was modulated by the tumor
microenvironment and various factors were involved in
cross-talk that exist between TAMs and cancer cells. Indeed
activated macrophages would be crucial to determine the
prognosis in colon cancer. This study emphasized that PLD4
was involved in this signal network. Our findings highlighted
a new pattern of tumor-associated macrophage activation in
which PLD4 could play an important role in activation signal
delivery. PLD4 existing in the M1 type polarization may be
useful in understanding the reason high TAM density is asso-
ciated with a good prognosis in colon cancer.
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