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Evaluation of expression of Toll-Like Receptors 7 and 9, proliferation, and 
cytoskeletal biomarkers in plaque and guttate psoriasis: A pilot morphological study
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This pilot study was aimed at comparing TLR7/TLR9 expression, cytoskeletal arrangement, and cell prolifer-
ation by indirect immunofluorescence in parallel lesional and non lesional skin samples of guttate psoriasis
(PG) and psoriasis vulgaris (PV) in five male patients for each group (n=10). TLR7 expression was detected
throughout all the epidermal compartment in PV samples, while in PG skin was restricted to the granular layer.
TLR9 was present in the granular layer of non lesional skin and in the suprabasal layers of PV/PG lesional skin.
Cell proliferation was localized in all the epidermal layers in lesional PG and PV, consistently with the
immunopositivity for the “psoriatic keratin” K16. In the suprabasal layers of lesional PG and PV skin, a similar
K17 expression was detected and K10 exhibited a patchy distribution. The present results suggest that TLR7
expression can be considered an intrinsic and differential histomorphological feature of PV.
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Introduction 
Guttate or eruptive psoriasis (PG) shares genetic similarities

with psoriasis vulgaris (PV), the most represented clinical form.1

Clinically, PG is characterized by the eruptive onset of small red
papules, followed or preceded by an acute infection such as
streptococcal pharyngitis. Scales are not usually clinically visible.
In PV, plaque size is highly variable, with erhithematous plaques,
covered by silvery white scales, sharply demarcated and, usually,
symmetrically distributed.2

Epidermal cytotypes and molecules of both the innate and
adaptive immunosystem are involved in the pathogenesis and the
progression of the disease.3 After triggering signals, keratinocytes
are able to produce antimicrobial peptides as cathelicidin (LL-37),
defensins, and S100 proteins.4,5 They do also behave as secretive
cells, because they can produce high levels of chemokine CCL20,
responsible for further recruiting T-cells into the skin.6 Finally yet
importantly, keratinocytes express Toll-like Receptors (TLRs),
allowing to specifically respond against environmental microbial
challenges. In humans, TLR1, TLR2, TLR4, and TLR6 are
expressed on the cell surface, whilst TLR3, TLR7, TLR8, and TLR9
are expressed in the cellular components.7 TLRs permit to sense
endogenous danger associated molecular patterns (DAMPs) and
pathogen associated molecular patterns (PAMPs). Many pieces of
evidence in literature support the importance of TLR-mediated
inflammation in the psoriatic environment.8-11

During keratinocyte terminal differentiation, keratin (K) 5 and
14 are typically expressed in the proliferative epidermal
compartment, while K1/K10 in the suprabasal differentiating layers.
Specific keratins have been recognized as regulators of many cell
functions and as mediators of the epidermal integrity maintenance
after a stress.12 K16 and K17 were indicated as “psoriatic keratins”
in the differentiated epidermal layers as they are associated with
epidermal hyperproliferation.13

The aim of the present study was to compare the morphological
features of the psoriatic plaques in PG and PV analysing in parallel
lesional and non lesional skin samples and considering cell
proliferation, cytoskeletal arrangement, and TLR-mediated innate
immunity.

Materials and Methods

Psoriatic skin collection and quantitative analysis of
epidermal proliferation

Skin punch biopsies (2 mm2) were taken from the gluteal
lesional area of five male patients with PV and a Psoriasis Area and
Severity Index (PASI) >10%, and five male patients with PG.
Patients were selected on consecutive basis to minimize any
selection bias after informed written consent and approval by the
local Medical Ethical Committee. All male patients were recruited
at Psoriasis Center, Dermatology Unit, University of Florence. A
similar punch biopsy was collected in a non lesional area of each
patient. 

Immediately after surgery, all bioptic samples were incubated
for 3 h at 37°C, 5% CO2, in low-glucose Dulbecco’s modified
Eagle’s culture medium (Euroclone SpA, Pero, MI, Italy)
supplemented with fetal bovine serum (Invitrogen, Carlsbad, CA,
USA), penicillin/streptomycin, amphotericin B, glutamine (Sigma-
Aldrich, St. Louis, MO, USA), and 400 μmol
5-bromo-2’-deoxyuridine (BrdU), a nonradioactive analogue of
thymidine selectively incorporated into the DNA of S-phase cells.
Samples were then formalin-fixed, paraffin-embedded, and finally

cut by a rotatory microtome.
Briefly, BrdU incorporation was revealed using the mouse anti-

human anti-BrdU [Santa Cruz Biotechnology, Santa Cruz, CA, USA;
dilution 1:200; 1 h at room temperature (RT)] after DNA denaturation
with 2N HCl (30 min at RT), buffering with Na2B4O7 (10 min at RT),
saturation of nonspecific binding sites with a solution of 3% bovine
serum albumin (BSA) (Sigma-Aldrich) in PBS 0.1M pH 7.4 (30 min
at RT) and digestion with pepsin 0.05% in 20 mM HCl (25 min at
37°C). Alexa Fluor 488 goat anti-mouse IgG (Thermo Fischer
Scientific, Waltham, MA, USA; dilution 1:200; 1 h at RT) was used
as the secondary antibody. Both primary and secondary antibodies
were diluted in PBS/BSA 3%. For the quantitative analysis of
keratinocyte proliferation, at least 3 immunofluorescence experiments
were carried out for each sample, with 2 slides per sample and 2
sections on each slide. Two independent double-blinded investigators
counted the BrdU-positive cells. The results were expressed as the
mean number of BrdU-positive cells per square millimeter of living
epithelium ± 1 SD. The statistically significant differences were
obtained via Kruskal-Wallis analysis of variance, followed by Dunn’s
post hoc test. 

Immunofluorescence analysis
Antigen retrieval was always performed incubating slides in

0.01 M citrate buffer pH 6 in microwave, except for TLR9 (in
autoclave) and for TLR7 (0.05 M Tris HCl pH 8 in autoclave). After
unspecific binding site saturation with 10% normal goat serum
(Vector Laboratories) in 0.1 M PBS (pH 7.4; 30 min at RT), the
following primary antibodies were used: rabbit anti-human TLR7
(Novus Biologicals, Centennial, Co, USA; dilution 1:300 in 0.1 M
PBS/BSA 2%; overnight at 4°C), mouse anti-human TLR9 (Novus
Biologicals; dilution 1:10 in 0.1 M PBS; overnight at 4°C), rabbit
anti-human K17 (Abcam, Cambridge, UK; dilution 1:200 in 0.1 M
PBS/BSA 1%; overnight at 4°C ), mouse anti-human K10 (Santa
Cruz Biotechnology; dilution 1:50 in 0.1 M PBS/BSA 1%;
overnight at 4°C), and rabbit anti-human K16 (Bio SB, Santa
Barbara, CA, USA; dilution 1:100 in 0.1 M PBS/BSA 1%; 1 h at
37°C). Alexa Fluor 488 goat anti-rabbit IgG, Alexa Fluor 488 goat
anti-mouse IgG (Thermo Fischer Scientific; dilution 1:200 in 0.1
M PBS/BSA 1%; 1h at RT) or TRITC-conjugated goat anti-rabbit
IgG (Jackson ImmunoResearch, West Grove, PA, USA; dilution
1:200 in 0.1 M PBS/BSA 1%; 1 h at RT) were the secondary
antibodies. A technical negative control was always considered,
omitting the primary antibody. Nuclei were counterstained with
4’,6-diamidino-2-phenylindole dihydrochloride (DAPI; Santa Cruz
Biotechnology). Immunofluorescence analysis were performed by
either Nikon Eclipse E600 wide-field microscope equipped with a
Nikon digital camera DXM1200 or Nikon A1R laser scanning
confocal microscope.

Results

Quantitative analysis of epidermal proliferation and
K16 expression

Keratinocyte proliferation was similar in PV and PG non
lesional epidermis (Figure 1 a,c). As expected, in all psoriatic
lesional samples, a statistically significant increase in proliferation
was observed, compared to the respective non lesional samples
(Figure 1 b,d). Epidermal proliferation rate in PG samples was the
highest among all the considered groups (Figure 1i). K16 positive
cells were confined to the basal layer of PV and PG non lesional
skin (Figure 1 e,g). In lesional samples, K16 immunoreactivity
extended from the basal layer upwards both in PV (Figure 1f) and
in PG (Figure 1h) lesional skin. 
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K10 and K17 immunofluorescence 
K10 expression was homogeneously distributed in the

suprabasal layers in non lesional skin of PV and PG (Figure 2 b,j).
In PV and PG lesional skin, the immunoreactivity was
discontinuous and patchy (Figure 2 f,n).

In non lesional PV and PG samples, K17 was mostly confined
in the basal layer (Figure 2 c,k), with a very faint immunoreactivity.
Conversely, an extensive and intense K17 positivity was found in
the spinous and granular layers, with a comparable distribution
pattern, in PV and PG lesional skin. The basal compartment
exhibited a discontinuous immunoreactivity (Figure 2 g,o). Only
scattered keratinocytes in the uppermost epidermal layers showed
a co-localization for K10 and K17 in PV and PG lesional skin
(Figure 2 h,p).

TLR7 and TLR9 expression
In the granular layer of non lesional PV epidermis, TLR7

expression was always more evident than in the corresponding
psoriatic sample (Figure 3a, white arrows). In the basal layer of PV
lesional skin, TLR7 immunostaining was more marked than in the
respective non lesional samples (Figure 3b). Conversely, regarding
PG, in both non lesional and lesional skin TLR7 immunostaining
was similar and confined to the granular layer (Figure 3 c,d). TLR9
immunoreactivity was limited to the granular layer in PV and PG
non lesional skin (Figure 3 e,g). On the other hand, in PV and PG
lesional samples TLR9-positive cells were found in the uppermost
spinous layer, with only a faint staining in the granular layer (Figure
3 f,h; Table 1).

Discussion
This pilot study describes the main intrinsic features of terminal

differentiation, keratinocyte proliferation, and TLR7/TLR9
expression of PG and PV. On the basis of the present observations
and according to the existing evidence in literature, we suggest a
specific involvement of TLR7 in PV, but not in PG. 

Keratinocytes from lesional psoriatic skin overexpressed both
TLR7 and TLR9,8,9 but no morphological data in PV and PG plaque
lesions exist. Moreover, no morphological evidence focusing on the
epidermal distribution of the acid nucleic sensing TLR7 has been
reported in psoriasis. Only recently, RT-PCR investigations
described its upregulation in plaques15 and peripheral blood
mononuclear cells (PBMCs)16 in PV patients, revealing a higher
TLR7 expression in skin samples than in the respective PBMCs of
the same patient. Moreover, the intracellular receptors TLR7 and
TLR9 were upregulated in psoriatic PBMCs, independently of
PASI.17 The distribution pattern of TLR9 is in accordance with the
existing literature data, reporting an overexpression of TLR9 in
psoriatic lesional skin10 and suggesting that the prolonged  exposure
to an inflammatory milieu, as occuring in PG and PV, induces the
TLR9 expression to a variable extent.

A comparison between lesions in PV and PG patients was
carried out regarding the expression of TLR2 and TLR4, i.e. the
surface TLRs, and highlighted that TLR4 can be related
unambiguousely to the pathogenesis of PG.18 The results of this pilot
study stand in continuation with and complete previous studies,
confirming that PV and PG possess both common and intrinsic
pathogenetic processes leading to similar, but not identical, clinical
outcomes.

No striking differences were detected between PG and PV
lesional skin for K10 and K16/K17, i.e. the normal and the psoriatic
keratins.19,20 Consequently, we suggest that K16/K17 induction is a
common feature of all psoriatic plaques, in accordance with the

existence of a K17/Tcell/cytokine autoimmune loop,21 in which K17
represents a multifunctional protein able to regulate also cell
proliferation.22 

Figure 1. Keratinocyte proliferation and K16 immunostaining in
paraffin skin sections. Representative BrdU (a-d) and K16 (e-h)
immunostainings, and quantitative analysis of keratinocyte pro-
liferation (i) in non lesional and lesional skin of PV and PG. a,e)
Non lesional PV; b,f ) lesional PV; c,g): non lesional PG; d,h)
lesional PG. Results for quantitative analysis of keratinocyte pro-
liferation are expressed as mean number of BrdU-positive cells
per mm2 of living epidermis + 1 SD. Statistical analysis was per-
formed via Kruskal-Wallis test followed by Dunn’s post hoc test
(*p<0.05, ***p<0.001, ****p<0.0001). BrdU, 5-bromo-2’-
deoxyuridine; K16, keratin 16; PV, psoriasis vulgaris; PG, guttate
psoriasis. White dotted line indicates the basal membrane. Scale
bars: 100 µm.
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Table 1. Semiquantitative analysis of Toll-like Receptor 7 and 9 in PG and PV non lesional/lesional skin. 

                           Sample                      Basal layer                        Lower spinous layer                Upper spinous layer     Granular layer
TLR7                                                                                                                                                                                                       

PV                            Non lesional                                     -                                                                +                                                            ++                                       ++
                                    Lesional                                        +                                                               +                                                             +                                          +
PG                           Non lesional                                     -                                                                -                                                               -                                           ±
                                    Lesional                                         -                                                                -                                                               -                                           ±
TLR9                                                                                                                                                                                                       

PV                            Non lesional                                     -                                                                -                                                               -                                         ++
                                    Lesional                                         -                                                                -                                                             ++                                        ±
PG                           Non lesional                                     -                                                                -                                                               -                                           +
                                    Lesional                                         -                                                                -                                                             ++                                        ±

PG, guttate psoriasis; PV, psoriasis vulgaris.

Figure 2. K10/K17 immunostaining in paraffin skin sections. Representative DAPI (a, e, i, m), K10 (b, f, j, n), K17 (c, g, k, o), and
K10/K17 (d, h, l, p) immunostainings in non lesional and lesional skin of PV and PG. a-d) Non lesional PV; e-h) lesional PV; i-l) non
lesional PG; m-p) lesional PG. DAPI, 4’,6-diamidino-2-phenylindole dihydrochloride; K10, keratin 10; K17, keratin 17; PV, psoriasis
vulgaris; PG, guttate psoriasis. Scale bars: 50 µm.
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To our knowledge, this is the first study reporting a quantitative
comparison of cell proliferation in PG and PV and showing a higher
proliferation rate in PG compared to PV lesional skin. An issue that
should be further addressed is the negative correlation between
TLR7 expression and epidermal proliferation in PV. The relevance

of adding further insights in this field is actual since small antagonist
molecules for human TLR7/9 are more and more charachterized and
developed.23,24 Similarly to the role attributed to TLR4 in PG,18 we
suggest that TLR7 expression can be considered an intrinsic and
differential histomorphological feature of PV. 
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Figure 3. TLR7 and TLR9 immunostaining in paraffin skin sections. Representative TLR7 (a-d) and TLR9 (e-h) immunostainings in
non lesional and lesional skin of PV and PG. a,e) Non lesional PV; b,f ) lesional PV; c,g) non lesional PG; d,h) lesional PG. TLR7, Toll-
like Receptor 7; TLR9, Toll-like Receptor 9; PV, psoriasis vulgaris; PG, guttate psoriasis. White dotted line indicates the basal mem-
brane. Scale bars: a-d) 50 µm; e-h) 25 µm. 
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