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Chapter Five 

Human keratinocytes synthesize factor H: 
Synthesis is regulated by Interferon-y 

M.C. Pasch, A. Ararou, N.H.A.van den Bosch, J.D. Bos, and S.S. Asghar 

Department of Dermatology, Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands 

Manuscript submitted 

Abstract 
Evidence is emerging that locally synthesized complement plays an important role in 

host defense and inflammation at tissue and organ level. In the epidermis, the major cell type is 

the keratinocyte which has so far been shown to synthesize two soluble complement components, 

C3 and factor B. We investigated whether factor H, which controls the activities of C3 and factor 

B, is also synthesized and released by keratinocytes. Regulation of synthesis of factor H by some 

inflammatory mediators was also studied. 

Keratinocytes were grown to near confluence and then cultured for additional 72 h in 

the presence and absence of supernatant of activated peripheral blood mononuclear cells, IL-1 a, 

IL-2, IL-6, TGF-B1, TNF-a, or IFN-y. Factor H was then measured in culture supernatants by 

ELISA. Molecular species of released factor H were identified by Western blotting. Factor H 

transcripts in harvested keratinocytes and A431 cells were detected by RT-PCR. Regulation of 

factor H message by individual cytokines was studied by a semi-quantitative RT-PCR. 

Human keratinocytes constitutively released factor H which was strongly up-regulated 

by the supernatant of activated mononuclear cells. None of the above-mentioned cytokines, 

except IFN-y, influenced this release. IFN-y up-regulated factor H release strongly. IFN-y 

mediated release of factor H was inhibited by cycloheximide. Factor H mRNA was 

constitutionally expressed in keratinocytes and was strongly up-regulated by IFN-y. 

In conclusion, keratinocytes are capable of synthesizing factor H and this synthesis is 

regulated by IFN-y at pretranslational level. 
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INTRODUCTION 

Two types of mechanisms protect self cells from complement mediated lysis. These are 

fluid phase and cell surface mechanisms. Fluid phase mechanisms involve several inhibitors and 

inactivators (e.g. CI-inhibitor, C4-binding protein, factor H, factor I) which tend to keep 

complement dormant in fluid phase while allowing it to be activated on foreign invading cells. 

These regulators minimize the formation of complement fragments and complement complexes 

in their active forms in fluid phase, so that a minimum of them collide with self cells. However, 

under certain circumstances a proportion of them may escape from fluid phase regulation, get 

fixed on self cells and cause complement activation on them. This cell surface activation of 

complement is, however, prevented by cell surface complement regulatory mechanisms. These 

mechanisms involve complement regulatory proteins (MCP, DAF, CD59, etc.), embedded in the 

membranes of the self cells, which inactivate the above-mentioned fragments and complexes13;l4. 

In the membranes of foreign invading cells these regulators are not present and subsequent 

complement activation takes place on them resulting in their lysis. 

Of the above mentioned fluid phase complement regulators, factor H plays a pivotal 

role. It prevents the assembly of C3/C5-convertase (C3b.Bb/(C3b)n.Bb) of the alternative 

pathway in the fluid phase by (1) binding to C3b in competition with factor B315, (2) accelerating 

the dissociation of Bb from the convertase complexes316, and (3) combining with freshly formed 

C3b and then serving as a cofactor for the enzyme factor I which cleaves the a-chains of C3b to 

inactivate it317 By virtue of being able to inactivate C3b, factor H is also a restrictive factor in the 

assembly of C3/C5-convertase (C4b.C2a.(C3b)n) of the classical pathway318. 

Two monomeric molecular species of human factor H, 155-kD and 45-kD, are known. 

The 155-kD isoform is made up of 1213 amino acid residues319. Its entire sequence is built up 

from 20 contiguous short consensus repeats (SCRs), which are repeating domains of 

approximately 60 amino acids joined by short linkers25. This gives factor H the shape of a string 

of beads (see Chapter 1, Figure 3)32". The 45-kD isoform is made up of the 7 N-terminal SCRs 

of the 155-kD isoform of factor H. In both isoforms, SCRs 3-5 of factor H are involved in 

binding to C3b316,321. Larger molecules arise from a 4.3-kb factor H mRNA and the shorter from 

a 1.8-kb mRNA; these transcripts are generated by alternative splicing of factor H mRNA1R;322;4. 

Both mRNA species are present in the liver, the major site of factor H expression, and in several 

extra-hepatic tissues. Both isoforms of factor H are expressed in many cell types. These include 

human monocytes323, umbilical vein endothelial cells324, brain microvessel endothelial cells325, 

proximal tubular epithelial cells326, mesangial cells327;265, myoblasts328, amnion329 astrocytes330, 

skeletal microtubes331, B-cell lines332 and fibroblasts333. 

The keratinocyte is the major cell type in the epidermis and is believed to be the initiator 
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of inflammation in the skin1. They synthesize complement components C334 and factor B35, and 

have been shown to express several complement receptors and complement regulatory 

proteins2*1 1;37. Keratinocytes are also expected to produce other complement proteins. Production 

of C3 and factor B suggests that keratinocytes may also be able to produce factor H to regulate 

the activation of these components in fluid phase as a part of the mechanism of prevention of 

epidermal cell damage by the complement synthesized by them. 

The role of factor H in suppression of complement at C3/C5-convertase stage demands 

that, if produced by keratinocytes, its production be up-regulated when there is up-regulation of 

C3 and factor B production. C3 and factor B synthesis appears to be up-regulated under 

inflammatory conditions as mediators released from activated mononuclear cells as well as 

several individual proinflammatory cytokines have been shown to enhance the synthesis of these 

components differentially (see Chapter 2)298. Thus, the synthesis of factor H, if occurs in 

keratinocytes, should also be enhanced by mediators released from inflammatory cells as well 

as by some individual proinflammatory cytokines to suppress the activation of C3 and factor B 

and protect keratinocytes from damage. 

In the present study we investigated whether normal human keratinocytes are capable 

of synthesizing factor H. We also tested the impact of supernatant of activated mononuclear cells 

as a source of mediators of inflammation as well as of various recombinant cytokines on the 

synthesis of factor H by keratinocytes. 

MATERIALS AND METHODS 

Chemicals and reagents 

Human recombinant cytokines IFN-y, IL-la, IL-2, IL-6, TGF-B1 and TNF-a were purchased from 

Boehringer Mannheim (Mannheim, Germany). Normal rabbit IgG, neutralizing rabbit antibodies to IFN-y and 

cycloheximide were purchased from Sigma (St. Louis, MO, USA). Polyclonal rabbit anti-serum to human factor H 

was a kind gift of dr. M.R. Daha, Department of Nephrology, University of Leiden, the Netherlands324. Supernatant 

of activated mononuclear cells was prepared from stimulated peripheral blood mononuclear cells as described260. 

Briefly, peripheral blood mononuclear cells (50 x 106/ml) from normal donors were stimulated for 2 h at 37°C with 

0.1 pg/ml PMA in IMDM (supplemented with 10% heat-inactivated FCS, 100 U/ml penicillin and 100 pg/ml 

streptomycin). PMA-treated cells were washed extensively and cultured (50 x lOVml) for 48 h with 15 pg/ml Con 

A in supplemented IMDM. Con A was neutralized by addition of 50 mM a-methyl-mannoside for 30 min at 37°C. 

Supernatant was obtained by centrifugation. Cytokines, supernatant of activated mononuclear cells and neutralizing 

antibodies were aliquoted in small portions and stored at -20°C and diluted in keratinocyte serum free medium 

(keratinocy te SFM; GibcoBRL, Breda, The Netherlands) j ust before use. The sources of other chemicals and reagents 

are indicated below. 
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Keratinocyte and A431 cultures 

Human keratinocytes were isolated by incubation of foreskin with thermolysin (0.50 mg per ml, Sigma) 

at 4°C for 16 h and subsequent trypsinization (0.025%) for 5 min at 37°C. Trypsin (Sigma) was then neutralized 

by an excess volume of heat inactivated fetal calf serum (GibcoBRL). Cells were separated from debris by filtering 

through a nylon mesh, centrifuged, and resuspended in keratinocyte SFM supplemented with penicillin/streptomycin 

(100 IU per ml, 100 ug per ml; GibcoBRL). A431 cells were purchased from American Type Culture Collection 

(Manassas, VA) and cultured in Dulbecco's modified eagle medium, supplemented with 10% fetal calf serum, 

penicillin/streptomycin (100 IU per ml, 100 ug per ml), and glutamine. The keratinocytes and A431 cells were plated 

onto 100 mm plastic Petri dishes at a density of 400,000 cells per Petri dish and were incubated at 37 °C in 

humidified, 5% C02 , tissue culture incubator. Medium was changed every 2-3 d, and at 70% confluence cultures 

were split after a 5 min exposure to 0.025% trypsin, 1.5 mM EDTA and recultured. For use in experiments, 

keratinocytes were seeded in 6 well tissue culture plates (Costar) at a density of 100,000 cells per well in 2000 ul of 

medium. Cells in passage 2-4 were used for experiments when 60-80% confluence was achieved. Cells in 

representative wells were counted by a hemacytometer before the experiment and cells in all wells were counted after 

finishing the experiment. 

Immunohistochemical staining of cultured keratinocytes for factor H 

Keratinocytes were grown for 72 h on a microscopic slide in the presence or absence of 100 U per ml of 

IFN-y, rinsed in PBS, dried in the air for 5 h, and then fixed for few minutes in acetone. Slides were stored at -20°C 

till staining. Endogenous peroxidase activity was inactivated by 30 min incubation in 0.3% H202 in PBS. The 

immunohistochemical staining was then performed by a three-step immunoperoxidase technique38'. The slides were 

incubated with 3 ug polyclonal rabbit anti-factor H or normal rabbit serum per ml for 60 min followed by incubation 

for 60 min with a 1:100 dilution of a biotinylated swine anti-rabbit Ig (DAKO) in PBS/human AB serum (10%; 

D AKO). They were then incubated for 60 min with horseradish peroxidase-labeled polystreptavidin (ABC Complex, 

DAKO). Peroxidase activity was visualized by incubation of the slides with 0.05% 3-amino-9-ethylcarbazole in 

acetate buffer for 10 min followed by a counterstaining with hematoxylin for 20-30 s. All incubations were 

performed at room temperature. 

ELISA for measurement of factor H 

The concentration of factor H in culture supematants of cytokine-stimulated and non-stimulated 

keratinocytes were estimated by ELISA as described'24. 

Wells of 96 well flat-bottom microliter plates were coated with 50 ul of 5.2 ug affinity purified polyclonal 

rabbit anti-human factor H per ml in carbonate buffer overnight at4°C. After thorough washing with Tween-80 

(0.05%) (Sigma) in PBS the wells were blocked for 1 h at room temperature with 150 ul of PBS containing 2% 

bovine serum albumin (Sigma) and 0.05% Tween-80. Washing was repeated and wells were incubated with 50 pi 

of sample, diluted in the same buffer that was used for blocking. Plates were incubated for one hour at 37°C. The 

wells were then washed and incubated with 50 pi digoxigenin-labeled rabbit anti-human factor H (0.3 ug per ml) 

for 1 h at 37 °C. After washing, the wells were incubated for another h at 37°C with 33 ml) peroxidase conjugated 

F(ab')2 fragments of sheep anti-digoxigenin per ml (Boehringer Mannheim). After washing, the wells wereincubated 

with 50 pi 3,3',5,5'tetramethylbenzidine (Sigma) in dimethylsulfoxide (Merck, Hohenbrunn, Germany)-citrate buffer 

for 10 min. The reaction was stopped with 50 ul H2S04 (2 M). Optical density (OD) was measured at 450 nm. The 

detection limit of this ELISA was 80 pg per ml of factor H. Standard curves for factor H were made using Human 

Complement Calibrator CAI (ATAB). 
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Western blot analysis of keratinocyte supernatant for factor H protein 

Five microliters of ten-fold concentrated supernatants of unstimulated and IFN-y stimulated (100 U per 

ml) keratinocytes were added to 2.5 ul of SDS sample buffer and 2.5 ul of H20 and run on a 7.5% SDS-PAGE gel. 

Gels were blotted for 90 min in a semi-dry electroblot apparatus on to PVDF membrane. Membranes were blocked 

for 30 min in Blotto (5% non-fat milk powder (Biorad, Hercules, CA) in 0.05% tween-20 containing PBS) at room 

temperature. Blots were incubated with polyclonal goat antibody to human factor H (Quidel, San Diego, CA) for 1 

h at room temperature in 1% Blotto. They were washed three times in 0.05% tween-20 containing PBS and 

subsequently incubated with biotinylated rabbit anti-goat antibody (DAKO) for 1 h at room temperature. They were 

washed again three times in 0.05% tween-20 containing PBS and incubated with polystreptavidin-horse radish 

peroxidase (DAKO) for 1 h at room temperature. They were washed again three times in 0.05% tween-20 containing 

PBS and incubated with peroxidase substrate ECL (Amersham Life Science, Buckinghamshire, England). 

Luminescence was determined with a Lumi-Imager (Boehringer Mannheim). 

Isolation of RNA and semi-quantitative reverse-transcriptase polymerase chain reaction 

Total RNA was isolated from human keratinocytes and A431 cells grown in 100 mm Petri dishes in 

medium with and without supplementation with IFN-Y (100 U/ml), IL-la (200 U/ml), IL-6 (1000 U/ml), or TNF-a 

(750 U/ml), respectively, for 6 h and 24 h using Trizol (Life Technologies, Paisley, UK). The RNA pellet was 

dissolved in formamide and the amount of RNA was determined by a spectrophotometer at 260 nm and 280 nm. 

RNA obtained from normal human liver tissue was prepared similarly and used as a positive control for factor H 

RNA. 

Reverse-transcriptase polymerase chain reaction (RT-PCR) was performed as described87 with some minor 

modifications. Briefly, 5 ug of the extracted total cellular RNA was reverse transcribed in a reaction volume of 20 

H1 and 1 ul of the resulting cDNA solution was used to amplify cDNA by factor H-specific PCR. The PCR were 

performed in 50 u 1 per well in polyethylene reaction tubes and applying cycles consisting of denaturation step at 94°C 

for 30 seconds, annealing for 1 min at 59°C, and extension for 1 min at 72°C. The PCR incubation mixture in a total 

volume of 50 ul contained 50 mM KC1, 10 mM Tris-HCl pH 8.1, 2.0 mM MgCl2, 0.01% gelatin, 1.25 unit Taq 

polymerase (GibcoBRL), 250 uM dNTP mix (Pharmacia, Uppsala, Sweden), and 140 ng of the sense and anti-sense 

primer each. The following specific primer sets were synthesized in our laboratory by an oligo-synthesizer: 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) forward primer 5'-CGAGATCCCTCCAAAATCAA-3' (nt 

298-317); and GAPDH reverse primer 5'-AGGTCAGGTCCACCACTGAC-3' (nt 799-780); factor H forward primer 

5'-CTGATCGCAAGAAAGACCAG-3' (nt 1812-1831), and factor H reverse primer 5'-

TTGGGTCCATACTCCATGAA-3' (nt 2274-2293). To confirm purity of the keratinocyte cultures, several cDNA 

samples obtained after reverse transcription of keratinocyte RNA were checked for the presence of non-keratinocyte 

cDNA using the following primers: Tyrosinase forward primer 5'-AATGAAAAATGGATCAACACCC-3' (nt 976-

997), and tyrosinase reverse primer S'-GTTTCCAGGATTACGCCGTA-S' (nt 1392-1411); HLA-DR forward primer 

5 ' -GCCAACATAGCTGTGGACAA-3' (nt 283-302) , and HLA-DR reverse primer 5'-

ATAATGATGCCCACCAGACC-3' (nt 706-725); CD 18 forward primer 5'-GACTCCATTCGCTGCGACAC-3' (nt 

148-167)"\ and CD 18 reverse primer 5'-CACGGTCTTGTCCACGAAGG-3' (nt 485-504)"4; CD3 forward primer 

5'-TCTCCATCTCTGGAACCACA-3' (nt 167-186), and CD3 reverse primer 5'-GTTCGCATCTTCTGGTTTGC-3' 

(nt 362-382) and parathyroid hormone receptor (PTH-R) forward primer 5'-CAATGAGACTCGTGAACGGG-3' 

(nt 553-572), and PTH-R reverse primer 5'-AAGTTGAGCACAATGGAGGC-3' (nt 1133-1152). Each PCR product 

(12.5 ul) was mixed with 5 pi stop layer mix and run on a 1.7% agarose gel in tris/borate/EDTA buffer. After 

electrophoresis the gel was scanned by an Eagle Eye imager (Stratagene Europe, Amsterdam, The Netherlands) and 
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the signal strength was integrated to obtain a densitometric value for each amplification product. To enable qualitative 

analysis of cDNA, the number of PCR cycles was chosen at 36. To enable semi-quantitative analysis of cDNA 

obtained from cytokine stimulated keratinocytes, the number of PCR cycles was chosen in such a way that a linear 

relationship was achieved between PCR product formation (plotted on a log scale) and cycle number, without having 

reached saturation of the product formation. 

RESULTS 

Cultured Human keratinocytes express factor H in situ 

Expression of factor H on cultured human keratinocytes was first studied immunohisto-

chemically as described in 'Material and Methods'. Since the expression of several complement 

proteins is enhanced by IFN-y, IFN-y stimulated keratinocytes were also included. There was 

virtually no staining of control unstimulated and IFN-y stimulated keratinocytes treated with 

normal rabbit IgG (Figure 1). Staining of IFN-y stimulated keratinocytes for factor H treated with 

rabbit anti-human factor H IgG was, however, much stronger than that of unstimulated 

keratinocytes. Although from this experiment it was not established whether the expression of 

factor H in unstimulated and IFN-y stimulated keratinocytes was cell surface associated335 or due 

to internal pool destined for release, these results provided rationale for further studies aimed at 

investigating the release and synthesis of factor H by keratinocytes. 

Human keratinocytes constitutively release factor H 

Keratinocytes released small amounts of factor H in culture medium as determined by 

ELISA . When keratinocytes were cultured up to passage six and the release of factor H was 

monitored in the culture supernatant of each passage, a significant increase with increasing 

number of passages was observed in cultures derived from three different foreskins (Figure 2). 

Because of these differences we used only cultures from passage 2 to 4 in subsequent studies. 

More than one molecular species of factor H is secreted by keratinocytes 

To investigate the isoforms of factor H released by normal human keratinocytes, 

supcrnatants of keratinocytes cultured in the absence and presence of IFN-y (100 U/ml) for 72 

hours were subjected to SDS-PAGE followed by Western blotting as described in ^Material and 

Methods'. Polyclonal anti-factor H antibody detected a lightly stained band of apparent molecular 

weight of 155-kD in supernatant of unstimulated keratinocytes (Figure 3). 
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control 
(without IFN-y treatment) 

factor H expression 
(without IFN-y treatment) 

control 
(IFN-y treatment) 

factor H expression 
(IFN-y treatment) 

Figure 1. Surface staining of factor H on cultured human keratinocytes Unstimulated and IFN-y atimulated 

keratinocytes were stained by an immunoperoxidase technique using polyclonal rabbit anti-factor H IgG and rabbit 

IgG controls. All views are 40 x. 

Figure 2. Human keratinocytes release factor H Sub-confluent keratinocytes were cultured for 72 h. Supernatants 

were collected and cells were rinsed, harvested and counted (passage 1). They were again passaged to sub-confluence, 

fresh medium was added (at time 0) and the whole process was repeated (passage 2) until passage 6. Supernatants 

collected after each passage were analyzed for factor H by ELISA. Three independent experiments with cultures 

derived from different foreskins were carried out. Values are the mean ± SD for triplicate determinations of one 

representative culture. 
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This band was strongly stained in the supernatant of IFN-y treated keratinocytes, indicating 

strong up-regulation of 155-kD Factor H by IFN-y. Supernatant of unstimulated keratinocytes 

showed three lightly stained bands presumably those of other SCRs bearing proteins. Because 

expression of these proteins was not up-regulated by IFN-y stimulation, they were considered to 

be the translational products of transcripts other than those of factor H. In the supernatant of 

unstimulated keratinocytes, 45-kD band was not visible but in that of IFN-y stimulated 

keratinocytes, this band representing the smaller isoform of factor H was visible though weekly 

stained. Thus, unstimulated keratinocytes produced detectable amounts of 155-kD factor H and 

undetectable amounts of 45-kD factor H but IFN-y stimulated keratinocytes produced both 

molecular species of factor H. 

Mediators released from activated mononuclear cells up-regulate the release of factor H 

from keratinocytes 

Keratinocytes were cultured for 72 h in the presence of increasing concentrations of 

supernatant of activated mononuclear cells and the release of factor H in culture medium was 

monitored by ELISA. Three cultures of keratinocytes were analyzed, each in duplicate. In all 

cultures, supernatant of activated mononuclear cells induced a dose-dependent increase in release 

of factor H (Figure 4). 

/v 
« — 2 0 5 

• .̂,,i.iL 180 

i;;;,:;.!,,;;-.. + — 1 1 8 
Figure 3. Human keratinocytes release both 155-kD and 45-kD 

., _ 04 factor H Concentrated supernatants of 72 h cultures of 
-«—69 unstimated and IFN-y (100 U/ml) stimulated keratinocytes were 
"* 58 subjected to SDS-PAGE and Western blotting. Western blotting 

was performed using polyclonal rabbit anti-human factor H 
antibodies, followed by biotinylated swine anti-rabbit IgG and 
streptavidin-horseradish peroxidase. Peroxidase activity was 

42.5 visualized by CLE luminescrence and recorded by a lumi-imager. 
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O 0.63 1.25 2.5 5.0 10 
supernatant concentration (%) 

Figure 4. Supernatant of activated mononuclear cells enhances the release of factor H by keratinocytes Sub-
confluent keratinocytes were cultured in media containing various concentrations of supernatant of activated 
mononuclear cells as indicated. At 72 h, culture supernatants were harvested and factor H concentrations determined. 
Values are the mean ± SD for duplicate determinations of three cultures. 

Interferon-y regulates the release of factor H from keratinocytes 

The supernatant of activated mononuclear cells is known to contain a number of 

cytokines, including IL-la, IL-2, IL-6, TGF-B, TNF-a and IFN-y265;37. Therefore, we tested 

recombinant forms of these individual cytokines in several concentrations mentioned in 

'Materials and Methods' to find out which of these cytokines were able to mimic the effects seen 

with supernatant of activated mononuclear cells. 

None of these, except IFN- y, showed any significant effect on the release of factor H. 

IFN-y up-regulated the release of factor H 24 and 65 times the basal release, at concentrations 

of 31.25 and 1000 U per ml, respectively (Figure 5). 

To confirm that the regulation of factor H release by normal human keratinocytes is a 

specific property of IFN- y, antibody blocking experiments were performed. Keratinocytes were 

cultured for 72 h in medium alone or in medium containing 100 U per ml of IFN- y in the 

presence and absence of neutralizing anti- IFN-y antibodies or control rabbit IgG (Figure 5). The 

results showed that neutralization of IFN-y with anti-IFN-y abolished the induction of factor H 

release. 

The batches of FCS, supernatant of activated mononuclear cells, and keratinocyte 

medium did not show factor H reactivity in the ELISA assay. 
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Figure 5: Release of factor H by keratinocytes is regulated by IFN-y Keratinocytes were cultured for 72 h in 

the presence of indicated concentrations of IFN-y and supematants were collected and assessed for factor H 

concentrations by ELIS A. Insets show the effects of IFN-y-specific neutralizing rabbit antibodies on IFN-y induced 

factor H release by keratinocytes. Keratinocytes were cultured with 100 U IFN-y per ml alone, IFN-y plus specific 

neutralizing antibodies, or control IgG. After 72 h, supernatant were collected and assessed for factor H. The data 

in main figures and insets are expressed as the mean ± SD of duplicate measurements of three cultures. 

Up-regulation of release of factor H is inhibited by cycloheximide 

To find out whether IFN-y caused enhancement in release by inducing de novo 

synthesis, we investigated the effect of cycloheximide on IFN-y mediated up-regulation of factor 

H. Keratinocytes were grown in medium alone or medium containing IFN-y (100 U per ml), with 

and without 2.0 ug per ml cycloheximide. Higher concentrations could not be used because of 

irreversible toxic effects on the cells. At definite time intervals, supematants were harvested for 

factor H analysis by ELISA. These experiments revealed that cycloheximide significantly 

inhibited the IFN-y induced factor H release after 24 h and 48 h (Figure 6). This indicated that 

increased release of factor H in response of IFN-y was due to increased de novo synthesis. 

Removal of cycloheximide by washing the cells and again culturing them in the medium 

containing IFN-y restored factor H release (data not shown). 
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Figure 6: Cycloheximide inhibits factor H synthesis by keratinocytes Sub-confluent keratinocytes were cultured 
in medium containing IFN-y in the presence and absence of 2 pg cycloheximide per ml. At 24 h and 48 h, culture 
supernatants were collected and assayed for factor H. Results obtained with cultures without (•) and with 
cycloheximide (o) are shown. Values are the mean ± SD for duplicate determinations of triplicate cultures. 

Keratinocytes constitutively express factor H transcript 

As shown in Figure 7, specific transcript for factor H were detected by RT-PCR in 

unstimulated normal human keratinocytes and A431 cells. cDNA derived from human liver was 

used as a positive control. Such specific transcripts were found in all samples examined - several 

cultures of keratinocytes from different foreskins and three different passages of A431 cells -

demonstrating that these cells constitutively express factor H mRNA. The size of the product 

coincided with the predicted base pair (481 Bp). No signals were found in the negative control 

water blanks indicating that the results obtained were not the results of crossover or DNA 

contamination. Finally, PCR amplification of GAPDH mRNA after 28 cycles is also shown as 

a positive control for equivalent loading and integrity of the RNA preparations used in the 

analysis. 

To confirm that cultured keratinocytes used in the above experiments were devoid of 

contaminanting cells, RT-PCR using primers specific for HLA-DR (macrophages, dendritic cells, 

B-cells), CD3 (T-cells), tyrosinase (melanocytes) and PTH-R (dermal fibroblasts) was performed 

under identical conditions on different passages of several cultures of keratinocytes. All cultures 

in first passage were found to be positive for one or more contaminating cell type but most 

cultures in third passage onwards were devoid of any contaminating cells (results not shown). 

The above experiments were performed with cultures which were verified to be negative for 

above mentioned cell types. 
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Figure 7. Human keratinocytes and A431 

cells express mRNA for factor H RNA was 

isolated from cultured human keratinocytes 

and A431 cells and subjected to 36 cycles of 

a factor H specific RT-PCR as described in 

the text. Liver cDNA was used as a positive 

control. Keratinocyte cultures which were 

found to be negative at 36 cycles in a 

qualitative RT-PCR for tyrosinase, HLA-DR, 

CD3, PTH-R, and CD 19 were used (see the 

text). 

Interferon-y regulates the synthesis of factor H at pretranslational level 

Factor H mRNA transcripts obtained from IFN-y treated and untreated cells were 

analyzed by RT-PCR. Keratinocytes were incubated for 6 h and 24 h in medium containing IFN-y 

(100 U per ml). After RT-PCR and gel electrophoresis as described in 'Materials and Methods' 

the Eagle Eye analysis revealed a 3.5 and 9.1 -fold increase of the ratio factor H /GAPDH message 

after stimulation with IFN-y for 6 and 24 hours, respectively (Figure 8). These semi-quantitative 

data showed increases in factor H transcripts in response to IFN-y suggesting that the up-

regulation of factor H by IFN-y was at apre-translational level. IL-la, IL-6, and TNF-a were also 

analyzed, but none of these cytokines showed increase in levels of factor H transcripts. 

DISCUSSION 

The epithelial compartment of skin is known to express cellular immunity266. Because 

the epidermis is in frequent contact with foreign antigens it is expected to possess, besides 

components of cellular immunity, a complement synthesizing apparatus to form the first line of 

immunological defense. Indeed, the most abundant cells in human epidermis, keratinocytes, have 

been shown to produce C334;267, and factor B35; . Keratinocytes, like some other cell types256, 

may also produce other components of classical and alternative pathways. They have already 

been shown to express several complement receptors28, and complement regulatory proteins"1". 

The production of C3 and factor B by keratinocytes suggests that these cells may also be able to 

produce factor H which control the activities of these components18. We envisaged that if 

o 
o 
c 

2 

s 
CO o> O 

506 
396 
344 
298 

^ ^ ^ ^ ^^^^ -^ijiijjjj£ 
^̂ ^̂ ^̂ P :^^^^w ^^^^^v 

factor H 

506 
396 

GAPDH 

76 



Keratinocytes produce complement factor H 

3. 10 
s 
o 1 
•c 

E 0.1 
o 
"jë 0.01 

CU 15 
5 

I 10 
E 
o 

e 0 

factor H _, 

•-"*"* 
GAPDH ^ _ — — * 

32 34 26 28 
number of PCR cycles 

factor H 

control IFN^y control IFN^y 

Oh 6h 24 h 
Figure 8: Expression of factor H in keratinocytes is regulated by IFN-y at pretransiational level RNA was 

isolated from keratinocytes at 0 h, 6 h, and 24 h after stimulation with 100 U IFN-y per ml, and subjected to semi

quantitative factor H specific RT-PCR as described in the text. The relative densitometric values obtained with 

untreated keratinocytes (0 h) were arbitrarily set at 1 and were related to those of cytokine-treated keratinocytes (6 

h; 24 h). Upper left diagram shows representative examples of densitometric values obtained as a function of PCR 

cycle number for factor H and upper left diagram shows the same for GAPDH. Continuous lines; RNA isolated from 

untreated keratinocytes (0 h), and broken lines: RNA isolated 24 h after IFN-y treatment. 

keratinocytes do synthesize factor H, synthesis of factor H may also be regulated by inflammatory 

cytokines which regulate the synthesis of C3 and factor B298 (see Chapter 3). 

Early experiments showed that human keratinocytes constitutively release small 

amounts of factor H in culture. Western blotting revealed that unstimulated keratinocytes release 

155-kD factor H protein in detectable amounts; 45-kD isoform, if released constitutively, was not 

detectable under the experimental conditions. IFN-y stimulated keratinocytes released both 

molecular species of factor H. 

Experiments aimed at studying the regulation of synthesis of factor H showed that the 

supernatant of activated mononuclear cells which was used as a source of mediators derived from 

inflammatory cells was able to induce the release of factor H strongly at a concentration of 10% 

(Figure 4). IL-2, IL-la, IL-6, TNF-a, IFN-y, and TGF-p, are known to be present in this 

supernatant. Of these only IFN-y up-regulated the release of factor H significantly. Strong 
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Chapter 5 

inhibition by cycloheximide of IFN-y induced release of factor H showed that enhanced release 

was due to increased de novo synthesis, rather than possible increased release from intracellular 

stores. Semi-quantitative RT-PCR experiments (Figure 5) showed that IFN-y mediated 

enhancement of release of factor H was due to up-regulation of the factor H gene at pre-

translational level. 

The present study shows that factor H synthesis in keratinocytes is up-regulated by IFN-

y but not by IL-lct. In glomerular mesangial cells and proximal tubular cells, however, the 

synthesis of factor H was regulated by IFN-y as well as IL-la265:336. These results support the 

widely held view that regulation of synthesis of complement proteins by cytokines is highly cell 

type specific. 

If the observations made in the present study and those in previous studies could be 

extrapolated to in vivo situations, following could be stated. IFN-y produced locally by infiltrated 

T cells, during an inflammatory response, can up-regulate the synthesis not only of C336 and 

factor B298 but also of factor H. Because complement is known to be continuously activated, 

complement produced by keratinocytes in excessive amounts in response to some cytokines may 

damage keratinocytes. Up-regulation of factor H parallel to C3 and factor B by IFN-y appears to 

be the fluid phase mechanism to minimize complement-mediated damage of autologous 

keratinocytes. The other mechanism for protection of keratinocytes from keratinocyte-derived 

complement under the inflammatory conditions of excessive complement production could be 

a cell surface mechanism. This may involve up-regulation of complement regulatory molecules, 

membrane cofactor protein (CD46) and CD59, by TGF-B present amongst the mediators released 

from activated mononuclear cells, as has recently been shown". 

In conclusion, we provide data that support the concept that the keratinocytes have 

important immunological functions including production of complement proteins. They 

synthesize and release factor H to control the activities of C3 and factor B also known to be 

produced by keratinocytes. Local synthesis of factor H may contribute to the prevention of local 

epidermal immune damage caused by locally synthesized C3 and factor B. 
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