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Abstract. The deposition of complement components 
(Clq. C4 C3. C5 and C9l and properdin in scalp hair fol
licle, wa, examined by the immunol1uorescenc method in 
patients with alopecia areata and in normal ,ubjects. C3. 
C5 and C9 werc found deposited there. The complement 
deposition was most frcqucnt in the case of C3 and less 
frequent in C9 and C5. There was no differcncc regarding 
deposition between normal subjects and patients with 
alopecia areata. No deposition of Clq. C4 or properdin 
was observed in the hair follicles of the scalp. These find
ings suggest a rclationship between the hair cycle and the 
activity of C3 and its late complement componcnts in the 
sca!p. 

1'.e,· words: Ha1r folliclc: Complement components: lm
munotluorcscence study 

We have previously rcported the depo�ition ofC3. a 

complement component. in the hair follicles of the 
scalp (1). Bystryn el al. (I). having observed the 

deposition of C3 in affected hair follicles of patients 
with alopecia areata or male pattern alopecia. stat ed 

their belief that this phenomenon is involved in the 

pathogenesis of alopecia. Our study. however. re

vealed deposition of C3 in the hair follicles of nor
mal �ubjects, too. Furthermore. since the behavior 

of C3 deposition reflected the morphological state 

of hair follicles in each stage of the hair cycle. a 
re lationship between the hair cycle and C3 was 

�uggested (2). 
The exact role of CJ in the hair follicle of the 

scalp is still completely unknown. This prompted us 
to undertake the present study which evaluated the 

deposition of complement components other than 

C3 in the hair follicles of the scalp. lf deposition of 
other complement components could be confirmed. 

this would lend strong support to the theory of a 

relationship between hair follicles of the scalp and 
complement components. 

In the present study an attempt was made to 

examine by the immunofluorescence method the 

deposition of Clq. C4. C3. C5. C9 and properdin in 
the hair follicles of the scalps affected by alopecia 

areata and in normal controls. The study succeeded 

in demonstrating the deposition of C3. C5 and C9 
and suggested a rclationship existing between the 

hair cycle and the activity of C3 and its late com

plcment components. 

MATERIALS AND METHODS 

Normal hair follicle, and folliclcs affccted by alopecia 
areata were obtained. Normal hair follicles were collected 
from 8 patients during resection of benign tumors of the 
scalp. Of the,e 8 patients, 3 were female and 5 were male. 
Their ages ranged from 9 to 65 years: 4 of these cases have 
been reported previou,ly (2). Of 15 patients with alopccia 
arcata. 5 were female an<l I0 were male. Their ages rangcd 
f1urn 14 tu 40 ycars; 9 uf these patients have been dc

scribed previou,ly (2). Biopsy material was taken from the 
margin of the le�ion in each alopecia areata patient. The 
detaih, or the direct immunol1uorescencc method are a, 
dcscribed in our previous study (2). 

lndirect :111m11110J/11orescence method 

The deposition of C9 and properdin was examined by the 
following technique. Cryostat sections were washed in 
phosphate-buffered saline (PBS). pH 7.2 for 15-20 min and 
then incubated with unlabeled rabbit anti-human C9 or 
unlabeled rabbit anti-human properdin. This was per
formcd in a moist chamber at room temperature for ap
proximately I h. After further washing in PBS for 20 min 
the sections were incubated again. this time with tluores
ccin isothiocyanate (FITC)-labeled goat anti-rabbit lgG 
under the above conditions for 30 min. The cultures were 
then washed in PBS for 20 min. and sealed in buffered 
glycerine before examination by lluorescence microscopy 
(Olympus. type BHL. Japan). 

Co11j11gates 

All conjugates used except anti-human properdin were 
obtained from commercial sources. FITC-labeled mbbit 
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Fir:. I. IF staining of anagen follicle in nonnal scalp, 
showing linear deposition of C9 in connective tissue 
sheath of the interna! layer (x 234). 

anti-human complement was available for Clq. C3, C4 
and C5. The characteristics of these antisera are sum
marized in Table I, along with those of FITC-labeled goat 
anti-rabbit IgG. The unlabeled rabbit anti-human C9 was 
prepared by Behringwerke (\\/est Germany). and the un
labeled rabbit anti-human properdin was furnished by Dr 
Konno (3) at the Department of Biochemistry. Hokkaido 
University School of Medicine. Japan. 

The specificity ofeach of these antisera was ascerta ined 
by immuno-electrophoresis. Ouchterlony\ method. A 
blocking test with unlabeled antisera was also performed. 
In this test it was determined that tluorescence was extin
guished or was attenuated with combinations of comple
ment components of the same class. whereas it neither 
disappeared nor was anenuated with cenain other com
plement components. 

RESULTS 

Deposition of complements C3. CS and C9 was 

found in hair follicles in normal scalps and in those 

of patients with alopecia areata. The incidence of 

deposition in the hair follicle was highest for C3. 

followed by C9 and then C5. In this regard, there 

was no overt difference between normal scalps and 

those of affected patients. No deposition of Clq. C4 
or properdin was detected in either normal or af

fected hair follicles. 

Findings in normal scalp 

In normal scalp there was deposition of C3 in both 

anagen phase and catagen phase follicles. In anagen 
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Table I. Clwracterislics of FITC-laheled antisera 

FITC Protein F/P 
content content molar 
(µ,g/ml) (mg/ml) mtio 

Anti-human Clq 
(Behringwerde)" 45.2 23.7 1.0 

Anti-human C4 
(Med. & Bio!. Labs." 13.9 4.1 1.4 
Behringwerke) 

Anti-human C3 
63.5 25.1 1.0 

(Med. & Bio. Labs 14.2 4.8 1.2 
Dakopam)< 

Anti-human C5 
12.2 2.4 2.1 

(Med. & Bio. Labs.) 10.6 4.1 I. I
Anti-rabbit JgG 
(Med. & Bio. Labs.) 36.6 10.0 1.5 

"West Germany. • Japan. c Denmark. 

follicles. C3 deposition was found mainly in the hair 

bulb and the transient portion of the hair follicle. 

whereas in catagen follicles rich deposition of C3 

was observed in the portion of thickened hyaline 

membrane. These features agree with findings re

ported previously (2). All anagen follicles were 
positive for C3 in 8 cases. Catagen follicles are very 

rare in the normal scalp; it is necessary prepare 

quite a number of specimens in order to obtain 

them. Such catagen follicles were present in only 4 

cases and all revealed C3 deposition. 
The search for deposition of C5 in anagen folli

cles proved positive in 3 of 7 cases examined. but 

Fig. 2. IF staining of catagen follicle in nonnal scalp, 
showing heavy deposition (arrow) of C9 in thickened 
hyaline membrane (x I 17). 



Table 11. lmm11nuf711oresce11ce findings in hair fol

licles af normal subjec/s (8 cases) 

Pro-

Clq C4 
per-
din C3 C5 C9 

Anagen 0/7" 0/7 0/3 8/8 3/7 4/5 
Catagen 0/5 0/5 0/1 4/4 0/3 I/ I 

• Number of positive cases/number of cases examined.

none was found in the hair bulb. In the transient 

portion of the hair follicle there was deposition of 

C5 in the interna! layer (annular) of the connective 

tissue sheath and its pattern was the same as for C3. 

Catagen follicles were identified in 3 cases but none 

showed C5 deposition. 
In anagen follicles deposition of C9 was found in 

4 of 5 ca ses, and at the same si tes as C3 (Fig. I). 

Catagen follicles were found in only I of 5 cases 
clespite of the collection of many specimens. In this 
instance there was marked deposition of C9 in the 

corresponding portion of the thickened hyaline 

membrane (Fig. 2). 

None of the hair follicles in the scalp examined 

proved positive for Clq, C4, or properdin, but the 

number fo cases (3 cases) studied was limited. 

These results are summarized in Table rr.

Findings in scalps affected 

by alopecia areata 

In lhis disease hair foll icles often undergo catagen

like changes. The behavior ofC3 deposition in such 

follicles resembled that in catagen follicles in the 

normal scalp, with prominenl deposition in the por

tion of thickened hyaline membrane. There was C3 
deposition in anagen-like follicles as well in anagen 

follicles of the normal scalp. With respect to site 

and pattern of deposition, there was no difference 

between the two. Deposits of C3 were present in all 

anagen-like follicles (9 cases) and catagen-like folli

cles (13 cases). 

Of the affected follicles, anagen-like ones were 

positive for C5 deposition in 2 of 12 cases. The site 
of deposition was the interna[ layer (annular) of the 

connective tissue sheath in the transient portion of 

the hair follicle, but none was seen in the hair bulb. 
In catagen-like follicles there was no deposition 

of C5 in the thickened hyaline membrane, while 

anagen-like follicles deposition of C9 was found in 7 

of 9 ca ses (Fig. 3) and in catagen-like follicles in 8 of 
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Fig. 3. IF staining of anagen-like follicle in a lesion of 
alopecia areata. showing linear deposition of C9 in lhe 
connective tissue sheath of the interna! layer (x 117). 

13 cases (Fig. 4). No deposition of C9 was dem

onstrated in the hair bulb of anagen-like follicles, 
although the other results of the immunofluores

cence study were similar lo those for anagen folli

cles in normal scalp. 
No deposition of Clq, C4 or properdin was ob

served in hair follicles of patients with alopecia 

areata. 
All these results are summarized in Table III. 

Fig. 4. IF staining of catagen-like follicle in a lesion of 
alopecia areata, showing heavy deposition (arrow) of C9 
in the thickened hyaline membrane (X 117). 
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Table 111. lm1111111of711oresce11ce.fi11din[<.1· i11 /111ir.fi>I
Jicles 1�f patients with a/opecia area ta I /5 cases! 

Anagen
like 

Caragen
like 

Ciq C4 

0/12" 0/9 

0/15 0/12 

Pro
per-
din C3 C5 

0/5 

0/6 

9/9 2/12 

13/13 0/13 

C9 

719 

8/13 

"Number of positive cases/number of cases examine<.l. 

DISCUSSION 

Our present study revcaled that both C5 and C9. a� 

well as C3. arc present in thc scalp hair follicle. 
There was no deposition of C5 or C9 in the hair 

bulb. nor deposition of C5 in the thickened hyaline 

membrane of catagen or calagen-like fo!liclc,. 

Other findings of C5 and C9 by immunotluore�

cence lechnique were much the same as tho�e of 
C3. No definite difference exi,Icd bctween normal 

hair folliclcs and those of patients with alopecia 

areata. 

C3 deposition in scalp hair folliclcs was rcportcd 

by Bystryn et al. (I) as well as in our previous study 

(2). They used the immunotluorescence method to 

study patients with alopecia areata. alopecia totali� 

and male pattern alopecia and found frequent C3 

deposition in alopecia areata. They suggested that 
C3 may be involved in the pathogene�is of alopecia 
areata. since the site of preferential accumulation of 

C3 in the lower segment of hair follicle� in alopecia 

areata is similar to that of lymphoid cell accumula

tion. 
By contrast. our previous study (2) did not revt!al 

any difference between the normal scalp and that 

affected by alopecia areata as regards immuno

tluoresccnce features. In the present study. the re

sults obtained were the same. Hence it seems un

likely that deposition of complemenl components in 

scalp hair folliclcs is involved in the pathogenesis of 

alopccia areata. As regards functional aspects. 
however. some difference might exist between 

complement components deposite<l in hair follicles 

of normal scalp and those in hair follicles of scalp 
affected by alopecia. This consideration led us to 

examine C3 as well as other complement compo
nents. but no significant difference could be de

tected between the two. 
It is well known that therc arc two pathways 

leading to activation of the various components of 
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the complement sequence-the classical and the 

altcrnati\ e. Our present ,wdy w:is undertaken part

ly to elucidate these pathway�. but faile<l to dem

onstrate deposition of Clq. C4 or properdin in the 

hair follicle. On the other hand. the fact that C1. C5 
and C9 \\ere detected ,uggests a n:lalion,hip he
l\\'CCn the hair follicle and the actIv11y of thc com

plement cas-.:adc aftcr C:\. 

Late acti ng complement componcnts C�-C9 are 

immunnlngically impnnant becausc of their knm, n 

ahility to damagc cell memhrane,. l\'la�·er (4) gave 

the following e\planatinn of the me.:ha,mm or 

mcmbrnnc damage. C�-C9 aggregate in an annular 

fa�hion 011 the surface l)f cell membrancs. forrning 

thcnrn:h-cs intli a doughnut ,hape. Thi, formc1tion 

fimh ih way to the lipid bilaycr of thc cell mem

brane. perrnitting efllu:-. of ions and intlu, of water 

molecules. rcsulting in cell rupture. This phenome
non take, place at biologic membrancs which arc 

,tniclllrally characterizcd by protein molecules 

tloating in lipid hilayer (5l. Deposition of C5 or C9, 

hy contra�l. occurs in thc conncclive ti,,ue <,heath 
of the hair follicle. C9 also bccomes depo<,ited in the 

thickened hyaline membrane. Whether complcment 

componenh cause damage to connectivc tis�uc rc

rnains unknown. It is conceivahle that C5 C9 affect 

the connectivc tis�uc of thc hair follich:. and 

thrnugh this rnecharn,m participate in the conver

sion of anagen folliclc, to rntagen follicle,. 
The role of complemenr componcnts 111 thc hair 

folliclc is poorly undcr'>tolld. Hov.ever. our pre,ent 
�tudy has ,hown that the1 are pre�ent both in nor

mal scalp and in the hair follicles of patienh with 

alopccia areata. Complemcnt components oflen he

comc dcpositcd in thc transicnt portion of the hair 

folhcle. The pattern of deposition varies in a consist

ent manner according to the morphology of the hair 

folliclc. Thcse re,ults suggest a 1·elationship he

tween the hai r cycle and the activity nf complemcnt 

component� C3-C9. 

ACKNOWLEDGEMENT 

lhe author, wi,h to express appreciation to Dr. Takahiko 
Konno at the Deparrment of Biochemistry. lfokkaido 
University School of Medicine. for furnishing anti-human 
pruperdin antisera 

RErERENCES 

I. Bystryn. J.-C .. Orentreich. N. & Stengel. F.: Direct
immunofluorescence studies in alopecia arcata and
male pattern alopecia. J lnvest Dermarol 73: 317. 1979.



2. lgarashi. R .. Takeuchi. S. & Salu. Y.: lmrnunonuores
ccnt studies of complement C3 in the hair follicles of
nonnal scalp and of scalp aITected by alopecia areata.
Acta Dermatovener (Stockholm) 60: 33, 1980. 

3. Konno. T .. Hirni. H. & Tamura. N.: Binding of acti
vated properdin to untreated erythrocytes. A new
function of activated properdin. lmmunology 34:207, 

1978.
4. Mayer. M. M.: Mechanism of cytolysis by comple

ment. Proc Natl Acad Sci USA69.-2954. 1972.
5. Singer. S. J. & Nicolson. G. L.: The tluid mosaic 

mode! of the �trncture of cell membranes. Cell mem-

Complemenl components in hair.follicle I 35 

branes are viewed as t wo-dimensional solutions of 
01;ented globular proteins and Lipids. Science 175: 720. 
1972. 

ReceiPed August 29. /980 

R. lgarnshi. M.D.
Department of Dermatology
Faculty of Medicine
Toyama Medical and Phannaceutical
University
2630 Sugitani. Toyama 930-01
Japan

Acra Dem1<1101·ener (Stockholm) 6/ 




