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Abstract
Background and Objective: The cellular component of innate immunity relies on cluster of differentiation (CD) 14 and toll-like receptor
(TLR)-4 to combat harmful pathogens. This study was undertaken to investigate the effect of lipopolysaccharide (LPS) subtypes
smooth (O55:B5) and LPS rough (EH100) on the expression of CD14 and TLR-4 in human leukemia macrophage-derived THP-1 cells.
Materials and Methods: Monocyte to macrophage differentiation was achieved in THP-1 cells by phorbol-12-myristate-13-acetate (PMA)
treatment. Surface expression of CD14 and TLR-4 were determined by flow cytometry after treatment with LPS subtypes. TNF-" was
measured by ELISA. Confocal microscopy was used to determine co-localization of CD14 and TLR-4 receptors on THP-1 cell surface.
Results: Treatment of THP-1 cells with LPS subtypes significantly increased the expression of CD14 and TLR-4 receptors (p<0.05). Higher
levels of TNF-" were released in LPS-subtypes stimulated cells but the differences in the levels of TNF-" in differentiated and
undifferentiated cells still unclear. Co-localization showed positive correlation between CD14 and TLR-4 receptors (r>0.83).
Conclusion: This study revealed that monocyte to macrophage differentiation in THP-1 cells increases the surface expression of CD14
and TLR-4 receptors and also leads overproduction of TNF-".
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INTRODUCTION
Lipopolysaccharide (LPS) is the major constituent of the
outer cell wall of gram-negative bacteria and is the principal
mediator of inflammatory responses to these pathogens1,2.
The LPS is recognized by number of serum and cell surface
pattern recognition receptors (PRRs), which participate to
induce LPS mediated cellular events1,2. The LPS signalling is
mediated through interaction between acute phase protein
the cluster of differentiation (CD) 14 and LPS associated
co-receptors3,4. Thus the importance of this interaction is that
CD14 is unable to transduce the LPS signaling because it lacks
of trans-membrane domain4. Therefore, CD14 presumably
function by binding to LPS and transferring it other cell surface
receptors to trigger the LPS signaling5. Toll-like receptor 4
(TLR-4) is associated with CD14 in inflammatory responses to
LPS because TLR4 is a trams-membrane receptor type 16,7 and
the presence of myeloid differentiation protein (MD)-2
makes up the LPS receptor complex involved in the cellular
recognition of and signaling by LPS8. Recent advances
implicate high-mobility group box 1 (HMGB1), a nuclear
protein with inflammatory cytokine activities, in stimulating
cytokine release8. To date, many candidate receptors were
implicated in mediating the biological responses to HMGB1
and TLR2, TLR4, TLR9 but the mechanisms for the production
of inflammatory mediators via these receptors protein still not
completely explored. Scavenger receptors are another family
of receptors expressed on macrophage and recognize and
bind both endogenous and exogenous molecules. The SR-A
(MARCO) receptor with collagenous structure, plays a pivotal
role in the transduction signaling of LPS via TLRs9. The present
study was designed to investigate the effect of LPS subtypes
LPS smooth (O55:B5) and LPS rough (EH100) on the expression
of innate recognition receptors CD14 and TLR-4 on the surface
of human macrophage-derived THP-1 cells. Secondly, to
investigate the levels of TNF-" production in PMA treatment
cells with or without LPS addition. Thirdly, to determine
the co-localization of CD14 and TLR-4 receptors on the
surface of PMA-differentiated THP-1 cells treated with both
LPS serotypes. In short, this is the first study that shows the
differentiation of monocyte to macrophage in LPS subtypes
stimulated human leukemia THP-1 cells increases the surface
expression of CD14 and TLR-4 receptors and also leads to the
overproduction of TNF-".

Treatment of THP-1 cells: The THP-1 cells (5×105 cells mLG1)
were treated with varying concentrations (0-30 ng mLG1) of
PMA (5 ng mLG1) for 24-96 h. The THP-1 cells were also
treated with LPS subtypes EH100 or O55:B5 under the same
experimental conditions as described previously 10.
Flow cytometry and immunostaining: Flow cytometry
analyses were performed by the Aria flow cytometer
(FACS Aria II Flow Cytometer, BD Biosciences, CA, USA) and
the results analyzed with flowing software (BD Biosciences,
CA, USA) as described previously10,11. Immunofluorescent
staining was performed after different stimulatory conditions
as described previously10-14.
Confocal microscopy: The PMA-differentiated THP-1 cells
were cultured at 25×103 cells on cover slips of area
2 cm2×thickness 0.13 cm for 72 h after treatment with
5 ng mLG1 of PMA. The cells were then stimulated with
100 ng mLG1 of either EH100 or O55:B5 LPS for 4 h and the
confocal microscopy was performed as described
previously10-12. For staining of cell nuclei, 4,6-diamino-2phenylindole (DAPI, Sigma-Aldrich, Poole, UK) was used and
the slides were mounted with Vectashield Mounting Media
(Vector Laboratories, Burlingame, CA, USA) and coverslips
were sealed with Marabu Fixogum Rubber Cement
(Marabuwerke GmbH and Co. KG, Tamm, Germany). The
slides were examined with a Nikon confocal microscopy
and Pearson correlation coefficient was used to analyze the
co-localization between CD14 and TRL-4.
Human TNF-" specific sandwich ELISA: The production of
TNF-" level in culture supernatant was measured by human
TNF-" specific sandwich ELISA as per instructions of the
manufacturer (eBioscience™, Fisher Scientific Company,
Ontario, Canada). The optical density of each well was
measured at 450 nm using ELISA plate reader
(Versa Max, California, USA).
Statistical analysis: All statistical analysis was carried out
by Graph Pad Prism version 5.0 (Graph Pad Software Inc.,
San Diego, CA, USA). One-way ANOVA of variance followed by
Tukey-Kramer multiple comparisons test, or Two-way ANOVA
of variance followed by Bonferroni comparisons test. The
p<0.05 was considered significant. Results are expressed as
the Mean+SEM unless stated otherwise.

MATERIALS AND METHODS
This study was performed in School of Biological Sciences,
University of Essex, Colchester, United Kingdom from
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RESULTS
(a)

Morphological alterations in THP-1 cells: Treatment of the
monocytic THP-1 cells with PMA caused typical morphology
alterations to macrophages. Figure 1 shows morphological
alterations in THP-1 cells upon stimulation with PMA. The
untreated cells were undifferentiated and appeared with
egg-like morphology while floating in the culture medium
(Fig. 1a). On the other hand, PMA-induced differentiation of
the cells caused them to display macrophage-like
characteristics such as adherence and possession of long
spindle-like morphology (Fig. 1b). The features acquired by the
cells following differentiation included were cell enlargement,
increased in granular appearance, adherence to the plate and
spreading all of which are hallmarks of macrophages.

(b)

Surface expression on THP-1 cells: Measurements of
expression of CD14 and TLR-4 on the surface of THP-1 cells
with and without differentiation and in the presence of either
rough (EH100) or smooth (O55:B5) LPS chemo-types were
carried out by means of flow cytometry using FITC stained
secondary antibodies and the results were summarized in
Fig. 2. The results shown in Fig. 2a-c pointed out that the
surface expressions of both CD14 and TLR-4 were not
Fig. 1(a-b): THP-1 cells (a) Without PMA treatment and

significantly affected by both type of LPS in the THP-1 cells
(p>0.05). However, cell surface expression of CD14 was slightly

(b) With PMA treatment

decreased and TLR-4 expression was significantly increased in

Concentration of PMA used was 5 ng mLG1

the THP-1 cells (p<0.05, Fig. 2d). Furthermore, stimulation of
non-differentiated cells with smooth, but not rough, for 4 h

after 2 h treatment with both subtypes the TNF-" levels were

caused upregulation of CD14 expression and had no effect of

significantly increased by the differentiated cells as compared

TLR-4 levels compared to untreated controls (Fig. 3a).

with non-differentiated THP-1 cells (p<0.05). However, these

Conversely, the treatment of differentiated cells with

results were reversed after 4 or 6 h treatment with these LPS

smooth LPS caused a weak upregulation of CD14 and a

subtypes (p<0.01).

strong upregulation of TLR-4 (Fig. 3b). The stimulation with
rough LPS resulted in a strong upregulation of CD14

Co-localization of CD14 and TLR-4 on the THP-1 cell-surface:

expression but not TLR-4 expression. Differentiated THP-1 cells

The co-localization of CD14 and TLR-4 on the THP-1

showed significantly higher levels of receptor expression

cell-surface was studied by confocal laser scanning

compared to undifferentiated cells (p<0.05, Fig. 3).

microscopy. The degree of co-localization of CD14 and TLR-4
on the THP-1 cell surface upon stimulation with LPS subtypes
and

was shown in Fig. 5.The degree of co-localization of CD14 in

non-differentiated THP-1 cells: The TNF-" levels in the

THP-1 stimulated with LPS-subtype EH100 was shown in

culture supernatants of THP-1 cells stimulated with LPS

Fig. 5A1, whereas, co-localization of TLR-4 in same stimulated

subtypes were found to be significantly higher than the

THP-1 cells with EH100 was shown in Fig. 5A2. Not only have

untreated cells (p<0.01, Fig. 4).The levels of TNF-" production

these, the degree of co-localization of CD14 and TLR-4

by the differentiated and non-differentiated cells upon 2-6 h

together with EH100 was shown in Fig. 5A3. On the other

treatment with LPS subtypes have been summarized in Fig. 4.

hand, the degree of co-localization of CD14 with LPS-subtype

The results showed that LPS subtype O55:B5 was more

O55:B5 was shown in Fig. 5B1, whereas co-localization of

effective than EH100. Moreover, results also pointed out that

TLR-4 with LPS-subtype O55:B5 was shown in Fig. 5B2.
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The cells (5×105) being cultured in RPMI 1640 medium supplemented with 10% FCS were stimulated with both rough (EH100) and smooth (O55:B5) LPS and then incubated for 2-6 h

after 2 h and (d) 6 h

Fig. 2(a-d): Expression of CD14 and TLR-4 in (a) Non-differentiated THP-1 cells after 2 h treatment with LPS subtypes, (b) After 6 h, (c) Differentiated THP-1 cells
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Fig. 3(a-d): Expression of CD14 and TLR-4 on the non-differentiated (a) THP-1 cells and (b) Differentiated THP-1 cells after
4 h LPS subtypes stimulation. The bar graphs show the expression of CD14 and TLR-4 in the presence or
absence of rough or smooth LPS, respectively on the same, (c) Non-differentiated and (d) Differentiated THP-1
cells
Non T: Non treated cells, R: Rough (EH100) LPS, S: Smooth (O55:B5) LPS it is also follows the same order as the bar chart
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Fig. 4: Production of TNF-" by differentiated and non-differentiated THP-1 cells after stimulation with either smooth (O55:B5)
or rough (EH100) LPS subtypes
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Fig. 5(a-b): (a) Co-localization of CD14 and TLR-4 on the THP-1 cell-surface examined by confocal laser scanning
microscopy and (b) Scatter plots show co-localization of CD14 and TLR-4 on the THP-1 cells stimulated by LPS
subtypes as indicated
A1/B1, green: THP-1 cells stained with either CD14 primary antibody and labeled with Alexa Fluor® 488, A2/B2 (red): TLR-4 primary antibody and labeled
with Alexa Fluor® 555, A3/B3 (red and green): Merged images, where co-localization, if present, can be observed

Whereas, co-localization of CD14 and TLR-4 together with

DISCUSSION

O55:B5 was shown in Fig. 5B3. These results were further
supported by the Scatter plots also showing co-localization of

This

study

attempted

to

investigate

the

CD14 and TLR-4 on the THP-1 cells stimulated by LPS subtypes

immunomodulation of two innate recognition receptors

as indicated in Fig. 5B.

on human monocytes/macrophages and to explore the
6
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However, the maximum response in the cells was achieved
after 4 h of LPS stimulation. The data showed that stimulation
of both undifferentiated THP-1 and PMA-differentiated THP-1
cells with LPS subtypes up-regulated the expression of both
CD14 and TLR4. These results were fully supported by other
previously published reports showed that monocytic cells
treated with PJ34, an inhibitor of PARP, in the presence of LPS
led to a down-regulation of surface expression of both CD14
and TLR-4 receptors24,25.
The data also determined that native THP-1 cells released
less amount of TNF-" compared with PMA differentiated
THP-1 cells in response to LPS subtypes. Confocal microscopy
was used to detect and quantify the co-localization of CD14
and TLR-4 receptors. The data showed that the THP-1 cells
showed no co-localization between CD14 and TLR-4, while
PMA-differentiated THP-1 cells showed co-localization
between CD14 and TLR-4 and these results clearly explained
that the PMA-differentiated THP-1 cells produced more
pro-inflammatory cytokines such as TNF-" compared with
native THP-1 cells. Excess production of TNF-" upon PMA
treatment on THP-1 cells was well supported by number of
previous studies26. The TNF-" values obtained in this
study clearly reflected a positive correlation or potential
co-localization between CD14 and TLR-4 receptors. These
results were also supported by previous studies performed on
other cell types27. Stimulation of THP-1 and PMA-THP-1cells
with LPS subtypes showed co-localization between CD14 and
TLR-4 and the high production of pro-inflammatory cytokines
also justified by up-regulation of CD14 receptors. These
findings suggested that there might be other receptors also
participate in production of TNF-" in response to LPS.
Stimulation of native and PMA-differentiated THP-1 cells with
LPS subtypes led to increase co-localization between CD14
and TLR-4 receptors and the high levels of TNF-" released
could be justified by the corresponding up-regulation of
CD14 receptors after stimulation with LPS subtypes. In short,
this study was an attempt to discover the novel
pathophysiological aspects of LPS subtypes induced
inflammatory response through cellular receptors proteins of
CD14 and TLR-4 in human monocytic-macrophage cell line
THP-1. The CD14 and TLR-4 have several unique biological
functions, especially in their central roles in innate immunity.
Therefore, the knowledge gained from this study will help
researchers to expand the options for effective intervention so
that inflammatory diseases mediated by CD14 or TLR4 can be
treated or prevented. Furthermore, findings from this study
have also been implicated in a novel therapeutic application
for the management of immune-mediated inflammatory
disorders. As the results clearly indicated that the

differences in the surface expression of CD14 and TLR-4
in THP-1 cells with and without differentiation. The
differentiation in THP-1 cells was carried out by PMA
treatment, which is a well-known potent stimulator for
monocyte to macrophage transformation15. Previous studies
have shown that the innate recognition receptors CD14,
TLR4 have a key role in the pathogenesis of sepsis and septic
shock and other inflammatory diseases16,17. However, the roles
of PMA in these processes have not been fully explored. In
recent years, the knowledge in the field of monocytes
subpopulations and their differentiation has been gained
significantly but still it is many things associated with their
behavior are largely unknown and need to be investigated18,19.
But it is now well established that monocytes can sense with
the environmental changes as they express number of
receptors through which they controls their functions18.
Although, monocytes are highly heterogeneous this can
change their functional phenotypes under various abnormal
conditions as in inflammatory disorders20. For this reason
many investigators have differentiated monocytes into 2
subtypes inflammatory or anti-inflammatory subsets. Under
several pathological conditions or infection, monocytes
rapidly recruited at the site of infection, where they can
differentiate into tissue macrophages and also sometimes
dendritic cells21,22. Inflammatory monocytes are very important
cell types as they are having TLRs and other receptors which
are very quick for their action towards the neutralization
of pathogens and their associated molecules and also
removing microorganisms, lipids and dying cells through
phagocytosis18-22. To study the behaviors of monocytes upon
stimulation of novel stimulants LPS subtypes, the human
monocytic THP-1 cells were selected as they are well
considered as a model for human monocytes23.
In the present study, the expression of CD14 and TLR-4
was on the surface of THP-1 cells with and without
differentiation and in the presence of either rough (EH100) or
smooth (O55:B5) LPS chemo-types. The expression of CD14
on THP-1 slightly up regulated in presence LPS, whereas, the
expression of TLR-4 receptor was not affected. To determine
whether the expression of these receptors were affected by
induced differentiation cells were treated with different
concentrations of PMA, A dose of 5 ng mLG1 of PMA showed
maximum expression of CD14, TLR4 compared with
undifferentiated THP-1 cells. Cell activation occurs as a result
of cell response to LPS which was triggered via CD14
receptors, this activation required 15-30 min between the LPS
binding to the cells. This clearly suggested that the activation
process was a time consuming which might involve
internalization before induction of the signaling pathway.
7
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pharmacological blockade of CD14 and TLR-4 represents a
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CONCLUSION
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