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THP-1 cells as a model for human monocytes
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In mammals, circulating monocytes provide effective
protection against infection with Gram-negative bacteria.
Once challenged with lipopolysaccharide (LPS), a
macromolecular structure of the cell wall of Gram-
negative bacteria, peripheral monocytes migrate to lymph
nodes, differentiate into dendritic cells, and present
antigen to CD4" and CD8" T cells with high efficacy,
thereby initiating adaptive immunity against Gram-
negative bacteria (1). In addition, circulating monocytes
have the potential to differentiate into tissue macrophages,
thereby contributing to the pool of embryonically derived
macrophages and providing help in the phagocytosis of
invading pathogens (2).

THP-1 designates a spontaneously immortalized
monocyte-like cell line, derived from the peripheral blood
of a childhood case of acute monocytic leukemia (M5
subtype) (3). THP-1 cells, including their genetically
engineered derivatives, represent valuable tools for
investigating monocyte structure and function in both
health and disease. A recent article by Hu and colleagues (4),
published in the May 2016 (No. 9) issue of Annals of
Translational Medicine, illustrates the potential of this cell
line for basic and applied research, including its use for
gene expression microarray analysis. In their report, Hu and
colleagues describe the gene expression pattern of THP-
1 cells exposed to heat-inactivated Candida albicans. The
data are truly impressive, despite the fact, that the results
have not yet been validated by reverse transcription (RT)
polymerase chain reaction (PCR) or Western blot analysis,
as mentioned by the authors.

However, it is important to emphasize the limitations
of the THP-1 cell line as a model for primary monocytes
and point out important differences between these
immortalized cells and their physiological counterparts,
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i.e., human peripheral blood monocytes, which they are
thought to represent. The use of cultured THP-1 cells
in vitro as a model for primary human monocytes ex vivo
exemplifies the basic concept of translational research.
Unfortunately, the obvious approximation that characterizes
this type of translational research, i.e., the use of cultured,
immortalized cells as a proxy for primary cells, often
receives marginal or no consideration in the discussion
section of research reports. Moreover, the term monocyte
is occasionally used synonymously for cultured monocyte-
derived cells, such as THP-1 cells, as well as for primary
blood-derived monocytes. The use of definite terminology
(monocyte designating the primary cell and monocyte-like
designating the monocyte-derived immortalized cell) would
substantially enhance the quality of studies in the field of
monocyte physiology, as it would encourage investigators to
more systematically address the similarities and differences
between primary and immortalized cells.

For many years, we have conducted studies by using
both THP-1 cells and primary human peripheral blood
monocytes obtained from venous whole blood of healthy
volunteers. Using the in vitro (TTHP-1 cells) and ex vivo
(primary monocytes) approach side-by-side allowed us to
make informed judgments on the usefulness of THP-1 cells
as a model for primary monocytes.

For example, monocytes, when compared with THP-
1 cells, are far more responsive to LPS. The remarkable
LPS responsiveness of human peripheral blood monocytes
results mainly from the high expression levels of CD14, a
cell surface-localized glycosylphosphatidylinositol-anchored
monocyte differentiation antigen. CD14, together with toll-
like receptor 4 (TLR4), a signal transducing protein and
member of the TLR family, and myeloid differentiation
factor 2 (MD2), a secreted protein that associates with
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TLR4, forms a highly sensitive LPS signaling complex
(CD14-TLR4-MD2) (5-8).

As opposed to primary monocytes, THP-1 cells express
low levels of CD14 (9). Therefore, concerning LPS
responses, THP-1 cells appear to be a poor model for
primary monocytes. Stably transfecting THP-1 cells with
human CD14 (10,11) and selecting the transfectants for
high-level expression of CD14 results in more pronounced
LPS responses of the CD14-transfected THP-1 cells (9).

We compared the production of the proinflammatory
cytokine interleukin-8 (IL-8) in cultured CD14-transfected
THP-1 cells, cultured mock-transfected THP-1 cells, and
primary human monocytes after stimulation with Escherichia
coli O111:B4 LPS (Sigma-Aldrich, St. Louis, Missouri,
USA). THP-1-rsv transfectants (mock transfectants) contain
the expression vector pRc/RSV, which carries a neomycin
resistance gene for selection with the aminoglycoside and
ribosomal inhibitor G418 (Geneticin, Life Technologies,
Carlsbad, California, USA) (12).

THP-1-rsv-CD14 transfectants carry the pRc/RSV vector
with wild-type human CD14 ¢cDNA cloned into the Xbal
restriction site (10,11). Expression of CD14 in this system is
controlled by the Rous sarcoma virus (RSV) long terminal
repeat promoter. Stably transfected cells were kept in Roswell
Park Memorial Institute (RPMI) 1640 medium (Sigma-
Aldrich, St. Louis, Missouri, USA), supplemented with 10%
fetal bovine serum, 2 mM L-glutamine, 100 U/mL penicillin,
and 100 pg/mL streptomycin.

After addition of saline (0 ng/mL LPS) or LPS (1,000,
100, 10 ng/mL), cell culture aliquots were either placed on
ice immediately (Figure 14) or incubated for 2 h (Figure 1B)
or 4 h (Figure 1C) at 37 °C. Supernatants were assayed
for secreted IL-8 by using the OptEIA enzyme-linked
immunosorbent assay technology as previously described (9).
As shown in Figure 1, IL-8 production appears to be tightly
dependent on CD-14 expression. After 4 h of incubation
with 10 ng/mL LPS, THP-1-rsv-CD14 transfectants, but
not THP-1-rsv transfectants, produced significant amounts
of IL-8 (Figure 1C).

LPS-induced IL-8 production in primary human
monocytes was assessed as described earlier (13). Briefly,
human whole blood was obtained from five healthy
volunteers by collecting venous blood from cubital veins
into acid-citrate-dextrose (ACD) Vacutainers (Becton,
Dickinson and Company, Franklin Lakes, New Jersey,
USA). Venous blood was diluted with an equal volume of
RPMI 1640 medium immediately after blood sampling.
After the addition of either saline or LPS (10 ng/mL),
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aliquots were incubated for 4 h at 37 °C and supernatants
assayed for secreted IL-8 as described above (Figure 1D).

The experiment showed that, despite CD14
overexpression, IL-8 production in THP-1 transfectants,
stimulated with 10 ng/mL LPS (Figure 1C), remains
roughly one order of magnitude lower when compared with
equal numbers of primary human monocytes stimulated
with 10 ng/mL LPS ex vivo (Figure 1D). With this
limitation in mind, it could be argued that THP-1 cells,
stably transfected with wild-type CD14, represent a valid
model for the investigation of LPS effects in monocytes.

Our experiments showed, however, that CD14-
transfected THP-1 cells are not an entirely robust model
for investigating LPS effects in monocytes. For instance,
human cationic antimicrobial protein (CAP37) enhances
LPS-induced IL-8 responses in monocytes by 3- to 4-fold,
presumably by acting as an LPS-binding protein that
also binds to monocytic surfaces (13). Interestingly, such
enhancement is not observed in CD14-transfected THP-1
cells. Moreover, in THP-1-rsv-CD14 transfectants, LPS-
induced IL-8 responses are diminished by 1- to 2-fold
in the presence of CAP37 (data not shown). Thus far,
no immortalized cell line has been identified that binds
CAP37 with similar avidity to that of human monocytes
(Hans Flodgaard, Denmark, personal communication).
Therefore, in a THP-1 cell system, CAP37 appears
to function as an LPS scavenger, trapping LPS in the
culture medium rather than transferring LPS to the
cell surface. Diverging LPS-induced IL-8 responses
between THP-1 cells and human monocytes are also
observed in the presence of heparin, a naturally occurring
glycosaminoglycan that has been widely used to treat and
prevent venous thromboembolism.

Although heparin enhances LPS-induced IL-8 release
by 3- to 5-fold in human primary monocytes (14), no such
enhancement is observed in THP-1-rsv-CD14 transfectants.
In fact, we observed a marginal enhancement of such
responses only after preincubating CD14-transfected THP-1
cells with heparin for 24 h, followed by exposure to 1 pg/mL
LPS for 4 h at 37 °C (data not shown). Contrary to these
observations, synthetic poly-L-histidines appear to inhibit
LPS-induced IL-8 responses, at neutral pH, with similar
potency in both THP-1-rsv-CD14 transfectants and primary
human monocytes (15).

The study by Hu and colleagues (4) uses THP-1 cells,
i.e., cells with a stable genetic background and with a
reproducible treatment response which defines these cells as
an apparently ideal monocyte proxy for screening purposes.
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Figure 1 LPS responses in THP-1 cells and primary human monocytes. (A-C) IL-8 production in LPS-stimulated stably transfected THP-
1 cells. Cells were added to saline (0 ng/mL LPS) or LPS (1,000, 100, 10 ng/mL) and samples placed on ice (A) or incubated for 2 h (B)
or 4 h (C) at 37 °C. IL-8 was measured in supernatants. Depicted are sigmoid dose (x-axis)—response (y-axis) curves of mock-transfected
(open circles) and CD14-transfected (closed circles) THP-1 cells. Results from a representative experiment are shown. Note that mock-
transfected THP-1 cells accumulate very low amounts of IL-8 after 4 h of incubation with 10 ng/mL LPS; (D) IL-8 production in LPS-
stimulated human peripheral blood monocytes. On 3 separate days, venous whole blood from five healthy volunteers (a-¢) was collected in
ACD Vacutainers and diluted 1:1 with RPMI 1640 medium. Aliquots were added to saline or LPS (10 ng/mL) and incubated for 4 h at 37 °C.
IL-8 was measured in supernatants. IL-8 baseline values (saline) above detection level were subtracted from IL-8 values after LPS exposure.
Samples from the same individual are represented by identical symbols, with collections that were at least 6 days and no longer than 189 days
apart. Note that, over time, different individuals can have similar monocyte counts, yet widely diverging monocyte activities (c,d,e), similar
monocyte activities yet widely diverging monocyte counts (a,b,c), or widely diverging monocyte counts and widely diverging monocyte
activities (a,e). IL-8, interleukin-8; LPS, lipopolysaccharide; ACD, acid-citrate-dextrose.

However, the examples of CAP37 and heparin show that the Footnote
biological effects of some compounds are only revealed in ex
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