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The U937 cell line induced to express CD14
protein by 1,25-dihydroxyvitamin D3 and be
sensitive to endotoxin stimulation
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BACKGROUND: CD14 was first described as a differentia-
tion antigen on the surface of myeloid lineage cells. It acts
as a glycosylphosphatidylinositol { GPI)-anchored receptor
for the complex of Hpopolysaccharide (LPS) and plays a
key role in the activation of LPS-induced monocytes. The
purpose of this study was to observe the expression of CD14
protein and its gene in the human U937 promonocytic cell
line when these cells were exposed to 1,25-dihydroxyvita-
min D3 (VitD3 ) and investigate their sensitivity to endo-
toxin stimulation.

METHODS:; U937 cells were exposed to (0.1 pmol) VitD3
for 24 hours and were induced to express the CD14 mRNA
gene and CD14 protein, then their responses were observed
when they were stitmulated with different concentrations of
LPS for different time.

RESULTS : The U937 cells induced by VitD3 were found to
stably express CD14 mRNA and CD14 protein. And CD14
protein enhanced the sensitivity of U937/CD14 cells to l-
popolysaccharide {1LPS) stimulation. NF-¢B in U937/
CD14 cells can be activated with low concentration of LPS
{1 ng/ml-10 ng/ml), the TNF-o. mRNA gene was in-
duced, and then TNF-q was produced and released into the
supernatant of culture.

CONCLUSION ; VitD3 can induce U937 cell to express the
CD14 gene and CD14 protein and enhance the response of
this type of cells to LPS stimulation.
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Introduction

D14 has been identified as a receptor for li-

popolysaccharide (LPS) on the surface of the

mononuclear phagocyte system (MPS), and it
plays an important role in the activation of LPS-media-
ted information transmission.''”]  Human U937 promon-
cytic cells as the precursors of MPS have many characteris-
tics of the MPS, and are the important cell line for the
study of the MPS in vitm.'®°] None of the CD14 gene
has been detected in the DINA of this cell line. Thus the
CD14 gene doesn’t express CD14 protein and is not re-
spond to the stimulation of LPS.[1%11] As an important
regulator to induce differentiation and proliferation of
various cells, VitD3 may induce U937 cells to express
CD14 protein.['?] The purpose of this study was to ob-
serve the expression of CD14 mRINA and CD14 protein
in U937 cells when they were exposed to VitD3 and
whether they were sensitive to LPS stimulation.

Methods

Reagents

LPS ( Escherichia coli O111.;B4) and VitD3 were pur-
chased from Sigma Chemical Company ( St. Louis,
Mo., USA). Goat anti-rat CD14 polyclonal antibody
and goat anti-rat NF-kB polyclonal antibody were pur-
chased from Santa Cruz Biotechnology ( Santa Cruz,
Calif, USA). Fluotescein isothiocyanate ( FITC)-IgG
was purchased from Zhongshan Biotechnology Compa-
ny, Beijing, China. One-way reverse transcription poly-
merase chain reaction (RT-PCR ) kit was bought from
Roche Biotechnology Company, Roche, USA. U937
cells were presented by Dr Lin Xin from the Department
of Molecular Inheritance, Third Military Medical Uni-
versity, Chongqing, China.

VitD3 inducing U937 cells to express CD14 protein
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The method recommended by Jack et al!™*] includ-
ed the following procedures. U937 cells (1 x10%/ml)
and VitD3 (0. 1 wmol) were added into the bottle of
cell culture, which was coated with agarose, then incu-
bated at 37 °C in a2 CO, (5% ) cell incubator for 24
hours. The cells induced to express CD14 by VitD3
were UU937/CD14 cells, whereas the contrel group
comprised U937/Conl cells.

Treating cells with LPS

LPS of different concentrations ( 0 ng/ml, 1 ng/
ml, 10 ng/ml, 100 ng/ml and 1000 ng/ml) and U937/
CD14 cells or U937/Conl cells were incubated together
respectively for 60 minutes. LPS (1000 ng/ml) and
U937/CD14 cells or U937/Conl cells were incubated
together for different minutes (0, 30, 60, and 120 mi-
nutes ).

Indexes for observation

ELISA method was used in detecting changes of
TINF-a levels in culture supernatants of U937 cells. The
expression of TNF-a mRINA in U937 cells was shown
by the in situ hybridization method. The expression of
CD14 protein on the surface of U937 cells was detected
by laser scanning confocal microscopy. The activity of
INF-kB in nucleus of U937 cells was assessed by the EM-
SA method, and was shown with relative optical density
(ROD) titer Xarea (mm?). The expression of CD14
mRINA and TNF-oo mRINA in U937 cells was assayed
by RT-PCR method. The changes of CD14 protein
content on the surface of U937 cells were detected by
the Western blot method.

Statistical analysis

The data were expressed as mean & standard devia-
tion. Statistical difference was analyzed by means of the
analysis of variance (ANOVA) using SAS software. A P
value less than 0. 05 was considered statistically signifi-
cant, and A P value less than 0. 01 was considered ex-
traordinarily significant.

Results

Identification of the expression of CD14 in U937
cells

Stained U937 cells with goat anti-CD14 polyclonal anti-
body and fluorescein isothiocyanate ( FITC )-IgG, the
expression of CD14 protein in U937 cells was then exa-
mined by FCM (Fig. 1). The positive rate of FITC-
CD14 cells was 95.40% in the U937/CD14 cells in-
duced by VitD3, whereas it was 4.49% in the control
group (U937/Conl cells).
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Changes of TNF-o level in the culture supernatant
of U937 cells

Changes of TINF-« levels were obsetved in the cul-
ture supernatant of U937 cells under the stmulation of
different concentrations of LPS. In the U937/CD14
group, the level of TINF-q started to increase after stimu-
lation with 10 ng/ml LPS for 60 minutes and continued
to increase with the elevation of concentrations of LPS.
Extraordinarily significant difference was seen when
compared with the 0 point concentration of LPS and the
U937/ Conl cells group{ P <0.01). The level of TNF-o
in the U937/Conl cells group started to increase only
after stimulation with 1000 ng/ml LPS, and significant
difference was found when compared with the 0 LPS
point concentration (P <0.05, Table 1, Fig. 2).

Table 1. TNF-a levels in the culture supernatant of U937 mediat-
ed with various concentrations of LPS for 60 minutes

TNF-g levels ( pg/ml )

0ong/ml 10 ng/ml 100 ng/ml 1000 g/ml
U937/CDI4 4847.74 167.43425.53% 254.48+34.72% 394.73459.58*
U937/Conl 4918.57 55.3118.44 67.321£10.46  133.47116.69 **
#: P<0.0,1 vs U337/ Conl ot 0 point; #%: P=0.05, v5 0 poit.

Group
(n=3)

Fig. 1. U937 cells stained with goat anti-CD14 polyclonal anti-
body (SP, original magnification < 400).

—11937/CD 14 #
—5—T17937/Coni

TINF-u levels {pg/m})

0 100 1000
Concentrations of LPS{ng/ml)

Fig. 2. TNF-a levels in the culture supernatant of U937 cells me-
diated with various concentrations of LPS for 60 minutes. = : P <
0.01, vs U937/Conl or 0 point; #*#* : P<0.05, vs 0 point.
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Table 2. TNF-q levels in the culture supernatant of U937 mediat-
ed with 1000 ng/ml of LPS for various times
TNF-g levels ( pg/ml )

0 min

Group
(n=3)

30 min 60 min 120 min

U937/CD14 49£7.47 173.79+22.36 * 258.64138.25°% 463.57163.43°
U937/Conl 48+6.59  63.42110.54 134.49116.46 **157.38+22.05**

#: P<0.01, vs U937/ Conl or 0 paint; ¢ #: P<0.06, vs 0 poi.

600 -

—a— LPS +
—#— PI-PLC

500 f-

TNF-xlevels (pg/ml)
e
8

30 i) 120
Times (minutes)
Fig. 3. TNF-a levels in the culture supernatant of 1937 cells mediat-

ed with 1000 ng/ml of LPS for various times. = : P <0.01, w
U937/Conl or 0 point; #% : P<0.05, vs 0 point.

Fig. 4A. Result of irn situ hybridizadon of TNF-a mRNA in
U937/CD14 cells ( original magnification X 400). The expression
of TNF-a mRINA in U937/CD14 cells was positive and was main~
ly distributed in cytoplasm.

Fig. 4B. Result of in situ hybridization of TNF-o¢c mRNA in
U937/Conl cells original magnification X 400). The expression
of TNF-a mRNA in T937/Conl cells was not obvious.
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Fig. 5. CD14 protein on the surfice of U937/CD14 cells ex-
pressed strong positive after the stimulation of LPS.

Changes of TINF-q levels in the culture supernatant
of U937 celk at different time under the stimmlation of
LPS. Under the stimulation of 1000 ng/ml LPS, the level
of TNF-a in the 1937/ CD14 group began to increase af-
ter 30 minutes, and continued to increase with time. Ex-
traordinary significant difference was observed when com-
pared with the O LPS point concentration and the U937/
Conl group (P <0.01). But in the U937/Conl group,
treated with the same concentrations of LPS, the level of
TINF-q started to increase after 60 minutes, and increased
significantly after 120 minutes. Significant difference was
seen when compared with the 0 LPS point concentration
(P <0.05, Table 2, Fig. 3).

In sim hybridization of TNF-a¢ mRNA in U937 cells

In the U%37/CD14 group, the expression of TNF-a
mRINA was obvious after stimultion of 10 ng/ml LPS,
and became more obvious after stimulation of 1000 ng/ml
LPS, TINF-oo mRINA was mainly distributed in the cyto-
plasm. But in the U937/Conl group, TINF-o mRINA
was expressed considerably after stimulation of 1000 ng/ml
LPS. The expression of TNF-a mRINA was low without
LPS stimulation (O LPS point) in the U937/ CD14 group
and U937/ Conl group, and also the positive response was
not significant (Fig. 4A,B).

Expression of CD14 on the surface of U937 cells under
laser scanning confocal microscopy

After 60 minutes, the stimulation of 10 ng/ml LPS,
the expression of CD14 on the cell surface in the U937/
CD14 group was positive, showing that the surface was
stained, and it was more significant after stimulation of
1000 ng/ml LPS. In the U937/Conl group, however,
the positive response was not significant after stimulation of
10 ng/ml IPS, CD14 was expressed considerably under
the simulation of 1000 ng/ml LPS (Fig. 5).

Changes of relative activity of NF-kB in the nuclei of
U937 cells
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Table 3. Quantification of NF-kB in nuclear extracts of U937 cells
mediated by different concentrations of LPS (ROD Xmn?) (n=3)
Group Opg/ml  1og/ml  10ng/ml 100 ng/ml 1000 ng/ml
BF/(D14 0.1410.2 2374032 3. 12H0.42* 4.4920.66* 4. BH.72°*
W% /Conl 0.1710.15 0.2410.34 0.3510.22 0.54£0.21 4,%H0.42**
% P<0.01, vs U937/Conl or 0 point; 223 P<0.05, vs O point.

Table 4. Expression of CD14 mRNA by U937 cells mediated with
various concentrations of LPS for 60 minutes{ RODXmm?) (n=3)

Ong/ml  10ng/ml 100 ng/ml 1000 ng/ml
U937/CD14 3.69:0.19* 5.84+0.92° 8.92+1.37% 13.592.46*
U937/Conl 1.56+0.25 1.65+0.18 2.25+0.42  7.84+1.52°"
%: P<0.01, vs U937/Conl; #%: P<0.05, vs 0 pai.

Group

Table 5. Expression of TNF-o mRNA by U937 cells mediated with
various concentrations of LPS for 60 minutes{ ROD xmm? ) (#=3)
Ong/m  10ng/ml 100 ng/ml 1000 ng/ml
U937/CD14 2.54+0.37 13.7812.41*35.4514.36* 39.51%5.83°
U937/Conl  2.3510.41 2.87x0.45 4.84+7.02%% 10.27+1.62**
%1 P<0.01, vs U937/Conl or 0 point; % : P<0.05, vs 0 poi.

Group
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Fig. 6. Quantification of NF-kB in nuclear extracts of U937 cells

mediated by different concentrations of LPS. =.: P <0.01,
U937/Conl or 0 pointy =% : P <0.05, vs 0 point.

Fig. 7. Changes of relative activity of NF-kB in nucleus of U937
cells. Lanes 1, 6: 0 concentration LPS point in the 1937/ Conl
group; Lanes 2-5: after stimulation of different concentrations of
LPS (1 ng/ml, 10 ng/ml, 100 ng/ml and 1000 ng/ml) in the
U937/ CD14 group; Lanes 7-10 : after stimulation of different con-
centrations of LPS (1 ng/ml, 10 ng/ml, 100 ng/ml and 1000 ng/
ml} in the U937/ Conl group.
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Fig. 8. Expression of CD14 mRNA by U937 cells mediated with

various concentrations of LPS for 60 minutes.

U937/Conl ; ## ; P <0.05, vs 0 point.

£: P<0.01, vs

Under the stimulation of 1 ng/ml LPS, the activity
of NF-kB began to increase in the nuclei of U937 cells,
and continued to increase with the increase of concentra-
ton of LPS. Their ROD titers were markedly higher than
those of the 0 LPS point and the U937/Conl group
(P<0.01). In the U937/Conl group, the activity of
INF-kB in the nucleus was not significant after the stimu-
lation of LPS at the dose from 1 ng/ml to 100 ng/ml.
Only when the LPS concentration reached 1000 ng/ml,
did the cells express their activity of NF-kB, and their
relative ROD titers were significantly different from
those of the 0 LPS point ( P <0.05, Table 3, Figs 6,7).

Expression of CD14 mRNA and TNF-o mRNA in
U937 cells

The PCR product of CD14 mRINA and TINF-a
mRINA in U937 cells were 267bp and 692bp in length,
respectively. CD14 mRINA was expressed considerably
at the O point concentration of LPS in the U937/CD14
group. After the stimulation of 10 ng/ml LPS for 60 mi-
nutes, the expression of CD14 mRINA was increased
significantly, continued to increase with the elevation of
concentration of LPS, and peaked after stimnlhtion of
1000 ng/ml LPS. Extraordinary significant difference was
seen when compared to the U937/Conl group (P<
0.01). The expression of TNF-a mRINA in the U937/
CD14 group was low at the 0 LPS point concentration,
but increased significantly after the stimulation of 10 ng/
ml LPS, and continuved to increase with the elevation of
LPS concentration. Extraordinarily significant difference
was noted compared to the U937/Conl group (P <
0.01). No significant expression of CD14 mRINA was
found at the O LPS point concentration in the U937/
Conl group, and TNF-ao mRINA was low expressed.
The expression of CD14 mRINA and TINF-a mRINA
was increased after the stimulation of 100 ng/ml LPS,
and increased significantly after the stimulation of 1000
ng/ml LPS. There were significant differences as com-
pared to the 0 point concentration of LPS ( P <0. 05,
Table 4,5, Figs 8,9,10A,B).

« February 15, 2005 - www.hbpdint.com - 87



Hepatobiliary & Pancreatic Diseases International

p S0 @ U9I7/CDI4 #
Z M [ U937/Cont *
B 40r
s T
% g3
¥ 25 |-
e AL
580
815
g 1o0r
& sr
=) o} __Em*“’! H

0 10 100
Concentrations of LPS (ng/ml)

Fig. 9. Expression of TNF-a mRNA by U937 cells mediated
with various concentrations of LPS for 60 minutes. = : 2 <0.01,

vs U937/Conl or 0 point; = ; P<0.05, vs 0 point.
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Fig. 10A. Expression of CD14 mRNA in U937 cells. M: Mark-
er; Lanes 1, 2: 0 concentration LPS point in the U937/Conl
group. Lanes 3, 5, 7 after stimulation of different concentrations
of LPS (10 ng/ml, 100 ng/ml, and 1000 ng/ml) in the U937/
CD14 group. Lanes 4, 6, 8: after stimulation of different concen-
trations of LPS (10 ng/ml, 100 ng/ml, and 1000 ng/ml) in the
U937/ Conl group.

TNE- o mRINA

-actin

Fig. 10B. Expression of TNF-o mRNA in U937 cells. M;
Marker; Lanes 2, 4, 6 after stimulation of different concentrations
of LPS (1 ng/ml, 10 ng/ml, 100 ng/ml, and 1000 ng/ml) in the
U937/CD14 group. Lanes 1, 3, 5, 7: after stimulation of diffe-
rent concentrations of LPS (0, 1 ng/ml, 10 ng/ml, 100 ng/ml,
and 1000 ng/ml) in the U937/Conl group.

Table 6. Expression of CD14 protein by 1937 cells mediated with
various concentrations of LPS (ROD Xmm?)

Group 0 ng/ml 10 ng/ml 100 ng/ml 1000 ng/ml
U937/CD14  8.6910.94* 22.3611.62°* 26.6913.27 * 52.5614.78*
U937/Conl  5.72+1.08 5.7810.73 16.0220.94 ** 28.5512.37 **

%1 P<0.01, vs U937/Conl; &% P<0.05, vs 0 point.
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Fig. 11. Bxpression of CD1 protein by U937 cells mediated with
varying concentrations of LPS. #: P <0.01 vs U937/Conl;
*%; P<0.05, vs 0 point.

CD14 prortein

Fig. 12. Western blot analysis of CD14 protein on the surface of
U937 cells. Lanes 1, 3, 5, 7. after stimulation of different concen-
trations of LPS (0, 10 ng/ml, 100 ng/ml, 1000 ng/ml) in the
U937/CD14 group; Lanes 2, 4, 6, 8 after stimulation of diffe-
rent concentrations of LPS (0, 10 ng/ml, 100 ng/ml, 1000 ng/
ml) in the U937/Conl group.

Western blot analysis of CD14 protein

CD14 protein was found as a single ribbon in U937
cells by Western blot analysis, and its molecular weight
was 60 Kda. It was expressed considerably at the 0 con-
centration point of LPS in the U937/CD14 group. The
expression was increased after the stimulation of 10 ng/
ml LPS, and continuved to increase with the elevation of
the concentration of LPS peaked at last after the stimula-
tion of 1000 ng/ml LPS. Extraordinarily significant
difference was found when compared with the U937/
Conl group ( P <0.01). CD14 protein in the U937/
Conl group was expressed considerably after the stimula-
tion of 100 ng/ml LPS, and expressed significantly after
the stimulation of 1000 ng/ml LPS. Significant diffe-
rence was shown when compared with the () point con-
centration of LPS (P <0.05, Table 6, Figs 11,12).

Discussion

Human U937 promoncytic cells as the precursors of the
mononuclear phagocyte system (MPS) are the impor-
tant cell line to study the MPS in vitro. Since the CD14
gene is absent in the DINA of this cell line, CD14 pro-
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tein is not expressed, and the reactivity of the cell line to
the stimulation of LPS is about 1000 times lower than
other MPS members. [1©:11] VitD3 can induce U937
cells expressing the CD14 gene, then let their cytomem-
brane produce CD14 protein stably, and make them
take reaction to the sdmulation of LPS. The results of
this study showed that the way inducing U937/CD14
cells to express CD14 protein is a stable, reliable and
practicable method, and it can satisfy the demands of ex-
periments.

VitD3 is an important regulator of inducing diffe-
rentiation and proliferation of many cells, and it can in-
duce U937 cells to express CD14 protein. Some re-
searchers*] have reported that VitD3 can induce 40%
of U937 cells to express CD14 protein in 8 hours. And
the percentage of cells expressing CD14 protein reached
100% in 24 hours. The U937/CD14 cells induced to ex-
press CD14 protein by VitD3 can increase the adherence
to endothelial cells, induce reaction to LPS stimulation,
produce and release various kinds of cytokines.[*] In this
study, VitD3 induced 95. 40% of U937 cells to express
CD14 protein in 24 hours, and can evoke reaction to
the stimulation of low concentration of LPS, expressed
TNF-oo mRINA, and produced TINF-a cytokines. RT-
PCR analysis suggested that VitD3 induce U937 cells to
express CD14 protein at the gene level, because the ex-
pression of CD14 mRINA is increased more significantly
in U937/ CD14 cells than in U937/ Conl cells.

The mechanism by which VitD3 induces U937 cells
to express CD14 protein is unclear. In the present study,
the induction of VitD3 to U937/CD14 cells was realized
at the gene level through their nucleus receptor.[13:16]
VitD3 receptor VDR is one of the members of the ste-
roid receptor family. Gene map analysis of CD14 pro-
tein has shown that its gene is located on the fifth chro-
mosome , which is the gene site of many growth factors
and their receptors. Zhang et all'3] found that some in-
termediate molecules are required in the process of indu-
cing U937 cells to express the CD14 gene, shown by
VitD3 wsing FCM, Nothern blotting and run-on tran-
scription analysis. They detected the inducing process
needed for the synthesis of a new protein called SP1,
and found that the sequence of bp-128 to -70 in SP1
DINA is essential to inducing U937 cells to express CD14
protein by VitD3. Nakajima et all7”) reported that reti-
noic acid can increase the expression of CD14 in U937
cells after VitD3 treatment. This aspect needs further
study.
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