
0022-202X/85/8505-0513$02.00/0 
THE JOURNAL OF l NVESTIC:ATIV E 0EI!MATOLOGY, 85:513- 517,1985 
Copyright © 1985 by The Williams & Wilkins Co. 

Vol. 85, No.6 
P rinted in U.S.A. 

The Occurrence of Profilaggrin and Its Processing in Cultured 
Keratinocytes 

JOSEPH KUBrLUS, PH_D_, IAN SCOTT, M.A., PH.D., CLIVE R. HARDING, JANET YENDLE, 
JOSEPH KVEDAR, M.D., AND HOWARD P. BADEN, M.D. 

D epartment of Dermatology (JK, JJ(, HPB), Harvard M edical School, Massachusetts Genera.l Hospital, Boston, Massachusetts, U.S.A. , and 
Unilever Research (IS, CRH, JY), Environmental Safety, Colworth Laboratory, Shambrook, Bedford, U.K. 

An affinity-purified antibody to rat filaggrin detects 
filaggrin and profilaggrin in extracts of newborn rat 
epidermis, and a monoclonal antibody to human filag­
grin, HF-1, detects the two proteins in extracts of human 
epidermis. Immunohistologic studies show that HF -1 
reacts with keratohyaline granules of human epidermis 
and those seen in cultured human keratinocytes. Im­
munoblotting studies have demonstrated that profilag­
grin is synthesized in both cultured human keratinocytes 
and in a long-lived line of cultured rat keratinocytes, 
but only in the latter is the protein processed to a product 
of the molecular weight of filaggrin. 

The epidermis of a number of mammalian species including 
humans has been shown to contain "histidine-rich" basic pro­
teins [1-4) and the first of these to be purified to homogeneity 
was isolated from newborn rat stratum corneum. Rat stratum 
corneum basic protein was found to have a M, of about 50,000 
[5] and an amino acid composition similar to material derived 
from keratohyaline granules [6). This protein was shown to 
promote t he in vitro aggregation of keratin filaments [7) and 
was then given t he functional name, filaggrin (filament aggre­
gating protein) [8]. The aggregated filaments showed a picture 
of light-staining filaments surrounded by a dark matrix when 
viewed by transmission electron microscopy. This was very 
similar to t he keratin pattern previously observed in human 
stratum corneum by electron microscopy which had been pos­
tulated to result from an interaction of tonofilaments and 
keratohyaline protein [9]. 

Filaggrin was found to be derived from a phosphorylated 
basic protein of similar M, but more recent studies have shown 
that both are the degradation products of a large phosphoryl­
ated precursor protein of M, greater than 200,000 [10,11]. This 
protein, named profilaggrin, was very sensitive to proteolysis, 
and a number of its breakdown products were present in 
epidermal extracts [10] . The metabolism of profilaggrin to 
filaggrin appears to occur in steps involving both dephosphor­
ylation and proteolysis, but the mechanism of t his conversion 
has not been precisely defined. 

This process as well as the further metabolism of filaggrin 
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[12,13) might be better studied in an in vitro system where 
conditions can be more rigorously controlled. Recently, we 
described the presence of filaggrin and ftlaggrin-related pro­
teins in a line of long-lived keratinocytes (14). This paper 
describes further immunologic studies of filaggrin-related pro­
teins in rat and human cultured keratinocytes using an affinity­
purified antibody to rat filaggrin and a monoclonal antibody to 
human filaggrin. These observations provide the basis for in­
vestigating the factors that regulate filaggrin formation and 
degradation. 

MATERIALS AND METHODS 
Culture Techniques 

The derivation of the newborn rat keratinocyte line was described 
in a previous paper [14]. For the experiments described here, 18th 
passage keratinocytes which had remained frozen in 10% glycerol for 
over 2 years were thawed and recultured. These cells were grown in 
flasks in Eagle's minimum essential medium containing 10% fetal calf 
serum (FCS) in a 5% C02 atmosphere at 37"C. No 3T3 or other feeder 
cells were used in experiments with rat. keratinocytes. 

Human keratinocytes were grown as described earlier [15]. Infant 
human foreskins were obtained within 2 h of circumcision, rinsed 
extensively in phosphate-buffered saline (PBS) containing 100 U pen­
icillin and 100 llg streptomycin, and then cut into 0.5 X 2 em str~ps 
and placed in 0.25% trypsin overnight at 4"C. The next day the stnps 
were removed from the trypsin the epidermis separated with forceps, 
and the dermis and other tiss~e discarded. Separated epidermis was 
transferred to Dulbecco's modified Eagle's medium (DMEM) contain­
ing 20% FCS, 0.4 llg/ ml hydrocortisone, 10-9 M cholera toxin, 50 U/ml 
penicillin, and 50 llg/ ml streptomycin and agitated vigorously by pipet­
ting. The medium containing the suspended cells was decanted away 
from the undisaggregated epidermis and centrifuged. The cell pellet 
was resuspended in the above medium and the cell density determined 
by counting electronically. Primary cultures were initiated in 35-mm 
petri dishes using 140,000 mitomycin C-treated 3T3 cells and 200,000 
keratinocytes per dish. Medium was replaced 2 or 3 times per week and 
at t he first change epidermal growth factor (EGF) at 10 ng/ ml was 
added. Cultures were confluent at 2 weeks or less, and at 10-14 days 
after initiation were treated with 0.02% EDTA to remove fibroblasts. 
Keratinocytes were removed in 0.05% EDTA and 0.05% trypsin , cen­
trifuged, and resuspended in medium. Subcultures were initiated as 
described for primary cultures and were passaged once per _week. The 
current studies were done on subcultured cells between the1r 2nd and 
lOth subculture. 

Electroplwretic and Immunologic Methods 

E lectrophoresis was done according to Laemmli [16] for one-dimen­
sional gels and according to O'Farrell et al (17] for two-dimensional 
gels. Immunoblotting was done according to Towbin et a! [18]. Poly­
peptides separated by sodium dodecyl sulfate-polyacrylamide gel elec­
trophoresis (SDS-PAGE) were electrophoretically transferred to nitro­
cellulose using the Bio-Rad transblot apparatus. Strips containing rat 
proteins were blocked with 3% gelatin in 0.5 M NaCI and 20 mM Tris/ 
HCI, pH 7.5, (TBS) fo r 1 h and incubated in a 1:2000 dilution of an 
affinity-purified rabbit antibody to rat lilaggrin. They were washed 
with 2 changes of TBS containing .05% Tween 20 and incubated in a 
1:200 di lu tion of an affinity-purified, peroxidase-conjugated goat anti ­
body to rabbit lgG (Bio-Rad) in TBS containing 1% gelatin for 1 h. 
The strips were washed twice in TBS containing .05 % Tween 20 and 
finally developed with the Bio-Rad color development reagent. 

Strips containing human proteins were blocked with 3% bovine 
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serum albumin in PBS for 3 h, rinsed with PBS, and reacted with the 
hybridoma conditioned medium which contained the monoclonal an­
tibody to human filaggrin (HF-1). After rinsing, the strips were reacted 
with an fluorescein isothiocyanate-conjugated goat antibody to mouse 
lgG diluted 1:40 in PBS for 1 h. Strips were visualized and photo­
graphed using long-wave ultraviolet irradiation. 

Preparation of Filaggrins 

Purification of human filaggrin was accomplished similarly to the 
method of Lynley and Dale [4] . Whole-thick ness human sk in was 
obtained from amputated legs with a Castroveijo keratotome. The skin 
slices were soaked in .25 M NH4Cl, pH 9.5, for 20 min at 4•c and 
separated from t he dermis wi th forceps. Epidermis so prepared was 
minced with scissors and homogenized in 50 mM Tris, pH 7.6, with 6 
M urea and 1 mM phenylmethylsulfonylfluoride (PMSF). The homog­
enate was stirred at 4 ·c for 1 h and then centrifuged at 100,000 g to 
obtain a clear supernatant. 

This extract which contained 300- 350 mg protein was applied to a 
2.5 x 3.5 em column of DEAE-cellulose at a flow rate of 30 ml/h. The 
column was washed with extraction buffer and the initial 280-nm 
absorbing peak which contai ned 25- 50 mg of protein was pooled. The 
part ially purified filaggrin was adjusted to pH 8.3 and applied to a 1.1 
X 5 em column of QAE-Sephadex. The column was washed with 
sta rting buffer and then the fil aggrin was eluted with start ing buffer 
containing 50 ruM NaCI. Approximately 3 mg of protein was recovered. 
This was concentrated to about 3 ml by pressure filtration against an 
Amicon PM-10 membrane and then prepared for SDS-PAGE by mak­
ing the solut ion 0.0625 M in Tris, pH 6.8, 2% in SDS and 10% in 
glycerol, a nd heating at 100"C for 3 min. Samples were electrophoresed 
in a 3 mm-thick 10% polyacrylamide SDS gel. The strip of gel contain­
ing a polypeptide with t he mobility of human filaggrin was excised, and 
the purified protein was eleclroelutecl using t he ISCO model 1750 
sample co ncentrator and the instructions supplied by t he manufacturer. 

Rat filaggrin was purified as described by Harding and Scott [12] 
with a final purification by preparative SDS-PAGE. The protein was 
homogeneous by both 1- and 2-dimensional electrop horesis. 

Preparation of Antibodies 

A monoclonal antibody to human filaggr in was generated by stand­
a rd techniques involving immunization of Balb/c mice, removal of the 
spleen, and recovery of ant ibody producing B-lymphocytes followed by 
fusion of these cells with NS-1 mouse myeloma cells to produce long­
lived antibody producing hybrid lines. Briefly, mice were given 3 i.p. 
injections of 20-30 IJ.g of fil aggrin in Freund's incomplete adjuvant with 
2 weeks between injections. One week afte r the third injection, anti li­
laggrin activity in the mouse sera was detected by an enzyme-linked 
immunosorbent assay (ELISA) technique. Mice were rested for 6 
months and then given a fourth injection of filaggrin . After 2 additional 
weeks, mice were given 3 injections at 1-day inte rvals and sacrificed 1 
clay after the final injection. Fusions were carried out with 90 X 106 

spleen ce lls and 15 x 1.06 NS-1 cells in a volume of 0.35 ml of 37% 
polyethylene glycol in DMEM for 3-5 min. Cells were plated in 96-well 
cloning racks contain ing 5000 mitomycin C-treated 3T3 cells per well. 
Wells were maintained for 2 weeks on DMEM (high glucose) containing 
12% FCS supplemented with lo-• M hypoxanthine, 4 x 10-7 M aminop­
terin, ancll.6 x 10-" M thymidine (HAT). They were then weaned onto 
HAT contain ing no aminopterin (HT), and finally onto DMEM con­
tain ing 12% FCS. At 75% of confluent density culture medium was 
withdrawn and tested for reactivity to human filaggrin. Those wells 
that contained an ant ibody were then cloned by limit ing dilution. Two 
antibody-producing clones were derived and one of these (HF-1) was 
selected for study. 

Antisera were raised in rabbits by injection of 1 mg of purified rat 
!ilaggrin in Freund's complete adjuvant. Booster injections were given 
at 2-week intervals. The ant isera were purified with affin ity columns 
of fil aggrin coupled to CNBr-activatecl Sepharose 4B. 

RESULTS 

In a prior publication it was shown that an antibody raised 
to rat fil aggrin reacted with extracts of cultured rat epidermal 
cells. Immunoblotting revealed several cross-reactive polypep­
tides and included filaggrin and polypeptides of higher and 
lower M, [14] . In these experiments no reactive components 
that corresponded to profilaggrin were seen. Due to the well­
documented susceptibility of profilaggrin to proteolysis it was 
decided to repeat these experiments using methods more suited 

Vol. 85, No. 6 

to the retention and detection of this protein. Cultures were 
washed quickly with ice-cold PBS and then homogenized rap­
idly in 10 mM Tris, pH 8.0, containing 9.5 M urea, 2 mM PMSF, 
25 mM dithiothreitol, and 2 mM EDTA. Samples were made 
2% in SDS and heated at 100oC for 3 min. 

These extracts were run in SDS gradient polyacrylamide gels 
as described earlier [12]. As can be seen in Fig lA, a polypeptide 
is vis ible in cell extracts which corresponds to the profilaggrin 
band seen in extracts of newborn rat epidermis. The identity 
of this polypeptide was confirmed by immunoblotting as shown 
in Fig lB. The antibody used was an affinity-purified antirat 
filaggrin. It can be seen that strong reactions occur not only 
with the profilaggrin of epidermis but also with a polypeptide 
of similar mobility present in cultured rat cell extracts. It should 
also be noted that several additional components in both epi­
dermis and cultured cells react with the antibody. A number of 
components with M, lower than filaggrin are seen in epidermis 
but not in cultured cells. Additionally, it can be seen that both 
profilaggrin and a band corresponding to filaggrin are visible 
in extracts of cultured keratinocytes at different lengths of time 
in culture. These studies do not permit us to distinguish be-
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FIG 1. Separation and detection of rat filaggrin. SDS electrophore­
sis and immunoblotting. Protein extracts were made in 10 mM Tris 
HCl, pH 8.0, containing 9.5 M urea, 2 mM EDTA, 2 mM PMSF, and 25 
mM dithiothreitol. (E) denotes extracts of newborn rat epidermis. 
Extracts of cultured keratinocytes are in tracks marked 3, 7, 10, 15. 
and 2 / . The numbers refer to the culture age (days) of the cells when 
extracted. F and PF mark the positions of filaggrin and protilaggrin. 
A, Separation of proteins on a 3-15% gradient SDS gel. B, Immuno­
replica of (A) using the affinity-purified antibody to rat filaggrin. 
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tween true filaggrin and a phosphorylated profilaggrin fragment 
[6) of similar M" so we cannot be certain that processing has 
reached the filaggrin stage. 

To further confirm the identity of profilaggrin, cell culture 
extracts were examined by 2-dimensional electrophoresis and 
compared to those of epidermis. In these experiments a cultured 
cell polypeptide with the same isoelectric point and M, as 
epidermal profilaggrin was seen (Fig 2). 

Human epidermal filaggrin with an M, of 37,000 was purified 
to homogeneity (Fig 3). Fig 4 shows an SDS extract of human 

IEF------.. 

- <Pf 
SDS 

FIG 2. Two-dimensional electrophoresis of keratinocyte proteins. 
Confluent rat keratinocytes were extracted in 9.5 M urea and examined 
by the two-dimensional electrophoresis us ing non-equ ilibrium pH gra­
dients in the first dimension and (3- 15%) gradient SDS gels in the 
second dimension . pf indicates the spot which superimposes on profi­
laggrin of newborn rat epidermis. 

2 

FIG 3. Isolation of human lilaggrin. SDS gel showing the original 
urea extract of human leg epidermis (I) a nd the final preparation of 
human filaggrin (2) isolated by ion exchange chromatography and 
preparative SDS electrophoresis. 

p 

f 

FIG 4. Reaction of HF-1 with human foreskin proteins. An SDS gel 
showing foreskin epidermal proteins extracted with 50 mM Tris pH 
8.1, contain ing 2% SDS, 2 mM EDTA, 1 mM PMSF, and 10 mM 
dithiothreitol is seen in I . Immunoreplicas of (I) are seen in 2, 3, and 
4, with 3 and 4 conta ining one- half and one-fourth the protein of (2) , 
respectively. p Indicates profilaggrin, [ denotes filaggrin, and arrow­
heads denote these on t he immunoreplicas. 

foreskin epidermis immunoblotted with HF-1. The antibody 
reacts strongly with a band with the mobility of filaggrin. A 
number of other bands are also present and one of these has a 
M, > 300,000. Protilaggrin would be expected to occur in this 
extract and electrophorese at this position. The reaction of HF-
1 to isolated filaggrin can be seen in Fig 5. 

HF-1 was also reacted with immunoblots of SDS extracts of 
cultured human keratinocytes. These extracts also contained a 
component with a M, > 300,000 as well as a diffuse band of 
somewhat lower M, (Fig 5). When cultured cells were extracted 
in 50 mM Tris, 2 mM EDTA, and 1 mM dithiothreitol and 
incubated at 37•c for 30 min prior to equilibration in SDS 
buffer, the immunoblots gave a different reaction pattern. The 
reaction of HF-1 to the high-M, material was markedly de­
creased (Fig 5, track 6) and lower-M, components became more 
visible. In a few experiments a very faint area of reactivity was 
produced at the filaggrin position (data not shown). It should 
be noted that the protein staining pattern of the incubated and 
unincubated sample were essentially identical, indicating that 
the amount of filaggrin-related proteins was very low. Only at 
the profilaggrin position could a slight loss of protein be ob­
served. The same results were obtained with 2nd to lOth 
subcultured cells and in cells maintained in culture for 1-3 
weeks. 

HF-1 was absorbed with purified human filaggrin and then 
reacted with immunoblots of the extracts of leg and human 
foreskin epidermis and cultured human keratinocytes. No flu­
orescent bands were seen, while in control experiments using 
the unabsorbed antibody the fluorescent bands described above 
were observed. 

HF-1 was reacted with human epidermis and found to stain 
the granular layer. Its localization within this layer was pri­
marily in the granules themselves although some staining of 
the cytoplasm was also visible (Fig 6 a,b). No reactions were 
seen in the basal layers. In epidermis in which the granule­
containing cells were decreased or absent such as in ichthyosis 
vulgaris or psoriasis, the reaction of HF -1 was spotty and 
corresponded to the few granular cells visible in hematoxylin 
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FIG 5. Reaction of HF-1 with proteins of cultured human keratin ­

ocytes. Con flu ent human keratinocytes were homogenized in 50 mM 
Tris pH 8.1 containing 2 mM EDTA. One aliquot was immedjately 
made 2% in SDS and 1 mM in PMSF. This sample is shown in 1 and 
its imrnunoreplica is seen in 2. A second aliquot was allowed to stand 
at 25"C before addin g SDS and PMSF. This sample is shown in 3 and 
its immunoreplica in 4. 

a nd eosin-stained sections. When the ant ibody was reacted to 
cultured human keratinocytes its reaction was granular in 
appearance and seen in only some of the cells (Fig 6c ). HF-1 
did not react with newborn rat epidermis by indirect immuno­
flu orescence. Moreove r, t he antirat filaggrin did not cross-react 
with human epidermis. 

DISCUSSION 

Alt hough t he functions of filaggrin have not been completely 
defined, the ability of t hese proteins to cause aggregation of 
keratin filaments in vitro suggests a similar activi ty in vivo. 
The cont inuous breakdown of ftlaggrins in stratum corneum 
suggests t hat while t hey may be necessary for t he init ial for­
mation of keratin macrofibrils they are not required for their 
maintenance. The occurrence of filaggrin-related discrete pro­
teins of varying M , was recognized in the earliest studies of 
keratohyaline proteins [1] and suggested t hey underwent a 
rapid turnover. The rapid breakdown of the fil aggrins has now 
been firmly established by pulse chase experiments ut ilizing 
["H]histidine [12,19]. 

The abi li ty to be rapidly metabolized may be a consequence 
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FIG 6. Reaction of HF-1 with human epidermis and cultured kera­
tinocytes. a, Indirect immunoperoxidase reaction of normal epidermis 
with a 1:100 dilution of HF-1. After re-reactivity with an avidin-biotin 
horseradish peroxidase complex, color was developed by incubating 
with hydrogen peroxide and 3-amino-9-ethylcarbazole (X 313). b, In­
direct immunofluorescence with thick epidermis. The section was first 
reacted with undiluted HF-1 and then with an FJTC-conjugated goat 
antibody to mouse lgG. The dashed line indicates the dermal-epidermal 
junction (X 480). c, lnilirect immunofluorescence with cultu red keratin­
ocytes. Confluent keratinocytes were detached as a single sheet by 
li ft ing with forceps. Sheets were rolled and frozen sections were reacted 
as in (b) (X 540). 

of the unique structure of the filaggrins. Recent data have led 
to the suggestion that filaggrins are composed of a repeating 
polypeptide unit, with t he size of the filaggrin or filaggrin­
related protein being determined by the number of repeating 
polypeptides that are linked together [20] . Thus, the multiple 
but distinct bands often seen by SDS-electrophoresis are in 
agreement with t he repeating unit structure. 

Not all the filaggrin-rel ated proteins observed in epidermis 
were detectable in cultured cells using conditions that gave 
maximum growth of cells. This is true for both rat and human 
cells. In rat epidermis and cultured cells, profilaggrin and a 
series of related products of lower M, were present, while 
cultured cells did not show polypeptides smaller than filaggrin 
as was seen in epidermis_ On the other hand, human cultured 
cells showed mainly profilaggrin and high-M, degradation prod­
ucts, a different pattern than observed with epidermis. 

The decrease in observable cross-reactive bands in culture is 
most likely due to an actual absence of filaggrin metabolites. It 
is unlikely that some filaggrin-related proteins are present but 
not detectable by the antibodies. The proposed structure of the 
filaggrins is such that most if not all epitopes will be contained 
in a repeating polypeptide and this polypeptide will be present 
in filaggrin, profilaggrin, and all other related proteins. It would 
be expected that antibodies reacting with high-M, filaggrins 
would also react with any smaller filaggrin fragments that 
contain the basic unit. Therefore, in the cultured keratinocytes 
of both rat a nd human the lower number of reacting bands 
indicates that fewer filaggrin -related fragments are present . 

The decreased level of filaggrin or filaggrin-related proteins 
in culture could reflect decreased amounts of filaggrin produc­
tion by the cells, decreases in the number of cells producing 
filaggrin , or increases in the rate of filaggrin breakdown by the 
cells. The incubation experiment in which human profilaggrin 
is allowed to be processed shows only breakdown products. This 
suggests that the bulk of cells present is capable of only limited 
processing of profilaggrin. Since no small products are formed, 
the experiment further suggests that the lack of filaggrin is not 
due to its formation and then rapid breakdown. A more likely 
possibility is t hat the processing of profilaggrin becomes more 
complete as the keratinocyte becomes more differentiated_ Ker­
atinocytes in culture which are less different iated than t hose 
of epidermis may not have the ability to process profilaggrin 
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completely. This possibility is reasonable s ince kerat inocytes 
in culture do not form a stratum corneum, t he in vivo s ite of 
lliaggrin breakdown. If t he ability t o process the filaggrins is a 
funct ion of differentiat ion then t hose cells that become differ­
entiated enough to produce filaggrin may become detached 
from the cul t ure. It has been established that shedding of the 
most differentiated cells from the culture surface occurs in 
medium co ntaining FCS [21] . The shedding is increased [22] 
when vitamin A is added to the medium and decreased [21] 
when vitamin A is removed from the medium. Since both the 
rat and human keratinocytes were cultured in medium contain­
ing undelipidized FCS, differentiating cells undoubtedly were 
shed from the culture. Had these cells remained adherent t hey 
might have acquired the ability to accumulate filaggrin . 

In cultured rat keratinocytes, the processing of profilaggrin 
is more complete since a polypeptide of the approximate M, of 
filaggrin is plainly visible. The lack of filaggrin breakdown 
products in culture is a major difference from the in vivo 
situation. The line of newborn rat cells have retained their 
capacity to differentiate a nd are capable of forming a stratum 
corneum-like structure when grown on a collagen matrix [14] . 
The cells differ from human keratinocytes in that they remain 
viable in culture for an extended period of time and require no 
feeder layers or exotic supplements for growth. Because rat and 
human cells behave so differently in culture it is not surprising 
t hat t h e rat cells should show a higher degree of profilaggrin 
processing. H owever, as in t he human, not as many cross­
react ive species a re seen in culture as are visible i,p epidermis. 
This para llel to the human situation also may be explained by 
t he s hedding of cells before they are able to completely metab­
olize filaggrin so t hat the cells that remain adherent to t he 
culture have not processed the profilaggrin to polypeptides 
smaller in M, than filaggrin . 

The resul ts a nd observations presented in this paper suggest 
methods by which profilaggrin processing may be studied. The 
production of filaggrins may be monitored in well-described 
culture systems using the affinity-purified a n tibody to rat tilag­
grin or HF-1 , the monoclonal antibody to human filaggrin. 
Cult ure condi t ions may be altered and t he effects of t hese 
alterations on the program of profilaggrin syn t hesis and proc­
essing m ay be conveniently studied. 
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