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Abstract
Keratinocytes in the skin play an important role in innate immune responses by secreting
chemokines. This study aimed to determine if keratinocyte cell lines can be used for studies of
innate immune mechanisms. Human primary keratinocytes and the HaCaT, CCD 1106 KERTr
(KERTr) and HEK001 cell lines were treated with a panel of Toll-like receptor (TLR)-ligands.
Expression of IL-8, CCL20, CXCL9 and CXCL10 was determined. All three cell lines expressed
TLR1-6 and TLR9. KERTr cells responded to the same TLR-ligands as primary keratinocytes.
Overall HEK001 responded similarly, but appeared to be relatively more sensitive to flagellin.
This was in agreement with increased expression of TLR5. The expression profiles were most
distinct in HaCaT cells. Furthermore, our data confirms and extends previously reported TLR7
and TLR8 independent IL-8 secretion by keratinocytes after Imiquimod treatment. The different
cell lines represent complementary tools for molecular studies of innate immunity of the skin.
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Background
The innate immune response is the first line of host defence. Recognition of different classes
of microorganisms involves signalling through specific receptors, one major group being the
Toll-like receptors (TLRs). Following pathogen detection the TLRs mediate activation of
innate and adaptive immune responses through modulation of gene expression (1).
Keratinocytes play an essential role in orchestrating immune responses by producing
chemokines following TLR engagement (2,3). These chemokines in turn stimulate migration
of leukocytes to the site of injury or infection. TLRs recognise highly conserved motifs from
different microorganisms including lipopolysaccharide (LPS/recognized by TLR4),
peptidoglycan (PGN/TLR2), lipoteichoic acid (LTA/TLR2), double-stranded RNA (TLR3),
flagellin (TLR5), CpG motifs in DNA (TLR9) and yeast zymosan (TLR2/6) (4). TLR1,
TLR2 and TLR4 are constitutively expressed by keratinocytes throughout the epidermis,
while TLR3 and TLR5 expression is primarily restricted to the basal layer of keratinocytes
(5,6).

The TLR7-ligand Imiquimod (an imidazoquinoline amine analogue to guanosine) is widely
used in the treatment of skin disorders such as warts, actinic keratosis and basal cell
carcinoma (7). TLR7 and TLR8 are expressed by immune cells such as monocytes and
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dendritic and B cells (8) but not keratinocytes (2,9,10). Curiously, it has been reported that
Imiquimod, independent of TLR7, stimulates cytokine production by keratinocytes (11,12)
possibly through inhibition of adenylyl cyclase and adenosine receptor signalling (13).

Questions addressed
Cell lines are invaluable tools for molecular studies of innate immune mechanisms,
including signalling pathways activated by the TLRs. HaCaT, a spontaneously occurring
keratinocyte cell line, has been widely used as a model of keratinocyte function. However,
reports have shown that HaCaT cells exhibit limitations for some applications (14). The less
used CCD 1106 KERTr (KERTr) and HEK001 cell lines were generated through
transformation with the human papillomavirus 16 (HPV-16) E6/E7 proteins. The KERTr
cells have been used in studies of UVB induced apoptosis in keratinocytes (15). HEK001
cells express ICAM-1 and keratin 14, but not keratin 10. The latter suggests these cells are
proliferating basal cells (16). HEK001 cells can take up flurbiprofen and indomethacin (17).
In this study we examined if HaCaT, KERTr and HEK001 cells lines respond to TLR-
ligands in manners similar to primary keratinocytes.

Experimental design
Human primary keratinocytes and the HaCaT, KERTr (CRL-2309) and HEK001
(CRL-2404) cell lines were treated with a panel of TLR-ligands (Supplement-1). TLR and
keratin mRNA expression was examined as described elsewhere ((18) and Supplement-1).
ELISAs were used to determine levels of IL-8 (PeproTech, Rocky Hill, NJ), CCL20,
CXCL9 and CXCL10 (R&D Systems, Minneapolis, MN). Data are shown as average values
and standard deviations (SD) from one representative experiment of at least three
experiments. Data were analyzed using the Student's t test.

Results
It has been demonstrated that experiments using primary cells can be influenced by the age
and differentiation stage of the cells, variations in isolation techniques as well as donor
differences (19). Likewise, as depicted on Figure 1, TLR mRNA expression varies between
different batches of primary cells. The TLR7 and TLR8 mRNAs were not detected in any of
the examined keratinocytes (data not shown). Given the variation in TLR mRNA expression
between batches of primary cells expression of the TLRs in the three cell lines was in
general similar. Noticeable differences included: higher expression of TLR2 in KERTr and
HEK001, TLR3 in HaCaT and TLR5 in HEK001.

In agreement with previous observations (2,3) primary keratinocytes secreted IL-8, CCL20,
CXCL9 and/or CXCL10 following TLR-ligand stimulation (Fig. 2a). KERTr cells reacted to
the same TLR-ligands in a very similar manner (Fig. 2b). HEK001 responded to all TLR
ligands except TLR9 (Fig. 2c). Curiously, these cells were more responsive to flagellin than
poly(I:C) (Fig. 2c) unlike primary keratinocytes and KERTr cells which produced the
highest cytokines levels after poly(I:C) treatment (Fig. 2a and b). High levels of IL-8 were
detected in HaCaT medium in response to all TLR-ligands except DNA and Imiquimod
(Fig. 2d). Although CXCL10 levels reached approximately 8 ng/ml (P < 0.01) after
poly(I:C) treatment, we could not detect CXCL9 secretion using standard culture conditions
(not shown). When monolayers were treated 24 hours after reaching confluence a modest
induction of CXCL9 could be detected in poly(I:C) treated cells (Fig. 2d).
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Conclusions
In the present study we have characterized TLR expression and activation in the HaCaT,
KERTr and HEK001 cell lines. Overall the cell lines responded to TLR ligands in manners
very similar to that of primary keratinocytes. However, there were some interesting
differences. While primary and KERTr cells produced more IL-8 and CCL20 when treated
with poly(I:C) than with flagellin (Fig. 2a and b) the opposite applied to the HEK001 cells
(Fig. 2c). This difference is possibly due to the observed higher expression of TLR5 in
HEK001 cells than in primary and KERTr cells (Fig. 1). The relatively elevated expression
of TLR5 in HEK001 is in agreement with the basal cell characteristics of these cells
((keratin 14 but not keratin 10 expression (16)) and previously reported restriction of TLR5
expression to the basal layer of keratinocytes in the epidermis (5, 6). Other differences, e.g.
differential induction of CCL20 and IL-8 by LPS and LTA, cannot directly be explained by
the TLR levels and may be related to the more than 30 signalling factors involved in
regulating TLR induced gene expression (1, 18).

Imiquimod stimulates leukocyte secretion of cytokines with indirect anti-viral and anti-
tumour properties through TLR7 (20). However, a TLR7-independent regulatory loop
involving adenosine receptors up-regulates expression of the same cytokines (13). Our
results confirmed the presence of TLR7/TLR8 independent signalling in primary
keratinocytes, KERTr and HEK001 cells. Hence studies of Imiquimod's functional effect(s)
must be designed and interpreted with caution.

In summary our data strongly suggest that in addition to primary keratinocytes and HaCaT
cells, the KERTr and HEK001 cell lines are highly suitable for studies of drug responses and
innate immune mechanisms in keratinocytes and the skin.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
TLR mRNA expression in primary keratinocytes and the KERTr, HEK001 and HaCaT cell
lines. Total RNA was isolated from 6 independent batches of primary keratinocytes and
KERTr, HEK001 and HaCaT cells. TLR mRNA levels were determined using real-time RT-
PCR and the comparative CT method. TLR mRNA levels were normalized against levels of
GAPDH mRNA and are graphically represented relative to the levels in the primary
keratinocyte Lot 88. *, P < 0.05 (compared to primary keratinocytes Lot 88). **, P < 0.01
(compared to primary keratinocytes Lot 88). #, Not determined.
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Figure 2.
IL-8, CCL20, CXCL9 and CXCL10 production in primary keratinocytes, KERTr, HEK001
and HaCaT cell lines after stimulation with TLR-ligands. Primary keratinocytes (a) and the
keratinocyte cell lines KERTr (b), HEK001 (c) and HaCaT (d) were treated with medium
only, LPS, LTA, PGN, poly(I:C), flagellin, E. coli DNA or zymosan for 24 hours. Levels of
IL-8, CCL20, CXCL9 and CXCL10 in the culture medium were determined using ELISA.
*, P < 0.05 (compared to cells treated with medium only). **, P < 0.01 (compared to cells
treated with medium only). ND, not detected.
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