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Abstract. Clq wa, comparatively quantified with CH50 or 
C3 in ,era of patienh with variou, types of cutaneous 
vasculiti� and collagen diseases. The follm, ing re�uhs 
were found: Il Elevated leveb of Clq were scen much 
morc frequently in cutancous vasculitb and PSS. 2) No 
significant correlations were found between Clq and CH50 
or C3. except for a moderate rank correlation between Clq 
and C3 tn SLE. 31 The amount of hydroxyproline in ,erum 
(collagen-like protein) b nearly identical with the calcu­
lated value of that present in Clq. 

Key 11·ord�: Clq: Collagen disease,: Cutaneou, va,culitis 

Somc forms of vasculiti� and collagen disca�e� are 
considered lo be cutaneous expressions of immune 

complex diseases. As a matter of fact. im­
munofluorescent ,tudies have already demon­
strated deposition of Clq and C3 as well a:, im­
munoglobulin lining vessel walls in cutaneous vas­
culiti� (19. 20). and that lining the dermal-cpider­
mal junction of skin lesions in '>Y!>temic lupus ery­
thematosus (SLE) (5). These findings were con­
sistent with Lhe observation of a low complement 
(C) leve! in sera from patients with SLE and other

_collagen-vascular diseases ( 12. 21. 22) and less
often in sera from progressive ,;ystemic sclerosis

(PSS) (25).
The C system consists of a set of 12 distinct 

protein'>. forming a complex biological system that 
fulfib various functions. This -.ystem is not only 
important in ho;.t defence mechanisms but also 
takes part in disease processes involving cytotoxic 
and immune-complex mediated hypersensitivities. 
Clq is the triggering component in the cla!>sical 
train of the C system and can bind not only to 
antigen-antibody complexes bul presum.1bly non­
specilically LO denatured, soluble, altered im­
munoglobulins and other polyanionic sub-,tances 
(I). subsequently activating succeeding C compo-
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nents. lnterestingly, Clq contains hydroxyprolinc, 
hydroxylysine and abundant glycine re,idues in its 
molecule. Analyses of it,, carbohydrate, have re­
vealed that they are galactosylglucosyl residues 
coupled to hydroxylysine. which are similar to 
those of glomerular basal membrane collagen (23). 
lb hemolytic activil} is easily destroyed by bac­
terial collagcnase on digestion ( 15) and recent ex­
lcnsi ve chemical studies have disclosed that Clq is 
an unusual globular protein and that about a half of 
the Clq molecule is composed of a triple helix with 
collagen-like sequence ( 16). Furthermore, the pro­

duction and secretion of Clq by fibroblasts (2, 17) 
and a competitive inhibition of collagen-induced 

platelet aggregation by Clq (4. 24. 26) has been 
reported. 

On the other hand. LeRoy et al. (8) stated thal 
bound hydroxyproline (so-called collagen-like pro­
tein) was present in plasma and originatcd from or 
wa-, otherwisc related lo collagen. Although the 
fluctuation of concentration of collagen-like protein 
(CLP) in sera from patients with conncctive tissue 
diseases has been reported previously (6), very little 

information wac; available on possible relations be­
tween CLP and collagen. The present study was 

thcrefore undertaken 10 quantify serum Clq levels 
in comparison wilh total hcmolytic C activity and 

with C3. the e-.-,ential C component in the alternate 
pathway, ultimately in pursuit of any possible rela­
tions between Clq and CLP in sera of patients with 
cutaneous va,culitis and collagen discases. 

MATERIALS AND METHODS 

P(l{ie11t pop11/atio11 
The subjects who panicipated in this study were chosen 
from among patient� being ca red for at our ho�pital. Thosc 
with unccrtain diagnoses were excluded from the sIudy. 
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and in consequencc the total number of patient, examined 
\\as 85. The study population consisted of patient, suffer­
ing from lupus erythematosu� ( 13 ca,e,). ,cleroderma ( 14 
cases). dermatomyositis and other collagen discases (4 
cases). diverse skin disease� comprising variou, types of 
angiitis (32 cases). bullous di,eases (7 ca,e,) and miscel­
laneous ( 15 case,). 

The blood samplcs collected by venepuncture wcre al­
lowed to clot at room tempemture for 60 min and then to 
contract at 4°C for 120 min Serum wa, separated and 
stored in small aliquots at -70°C until studied. 

Assa_,. o/C activities 

Total hemolytic complemcnt (CH50) determination was 
periormed accordinl? to thc method of Mayer ( 11 ). The 
normal range for the serum of an adult Japane;,c is from 
30 to 50 CH50 units/ml. 

lm1111111ocl1emica/ quantitation af Clq and CJ 

This was carried out by means of single radial immunodif­
fusion ($RID) according to a modificalion of thc method 
of Mancini et al. ( 10). Anti-human Clq or anti-human C 3 
serum wa; prepared in accordance "ith Yonemasu·, 
method (28) or by the method described earlier ( 14). The 
normal ranges of these in Japanese adult:, are 136.5±25.0 
µ.g/ml for Clq. I 108±257 µ.g/ml for C3 ('.!9). 

Derer111i11ario11 af hydroxyproline 

This wa:, conducted spectrophotometrically by a method 
described previou;,ly (7). The hydroxyproline posses,ed 
by Clq a, a molecular constituent was calculated from the 
Clq amount mea;,ured by SRID. using percentage weighl 
of hydroxyproline 10 Clq obtained from a chemical stud) 

of Clq as outlined elsewhere (27). 
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RESULTS 

I. C/q le1·el

Serum concentrations of Clq were determined in 85 

patienh with a wide variety of \kin di!.eases. The 

rcsults are shown in Fig. I and are classificd by sort 

and/or type of disease. 

Eight of I'.! patients \\ith SLE. who wcre in thc 
non-active ;,1age of the dbeasc. showed normal Clq 

concentrations. 3 the higher. and I the lowcr. In 9 of 

I'.! patients with PSS. the level of Clq wa� elevated 

and in the remainder it wa� still in the normal rangc. 

Although the number of patients involved was 

small. it may be stated that I patient with DLE and 

'.! with morphea had a normal level of Clq. In I 

of '.! patients with dermatomyositis and I with 

periarteritis nodosa. the Clq leve! was clc\ated. A 

marked fall in the leve! of Clq was noted in I case 

diagnoscd as mixed connective ti�sue disease. 

In most of the patienh who had skin eruptions in 

the active stage of Beh9e1 disease or pyodcrma gan­

grenosum. Clq was augmcnted remarkably. Of thc 

patients with different types of cutaneous vas­

culitis. '.! with anaphylactoid purpura in thc active 

stage presented the con�picuou�ly high Clq valucs 

of 560 and 330 µg/ml. respectively. and I with 

chronic capillaritis had a normal value. In one pa­

tient with livedo angiitis who complained of joint 

pain and one with thrombophlebitis. the Clq level 

was found to be elevated. A greater-than-normal 
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Fig. 2. Clq level and total hemolytic complement. • SLE. 
systemic lupus erythematosus; le,. PSS. progressive 
systcmic sclerosis: • DM. dermatomyositis. xvasculitis. 
including various types. ---, normal range. 

Clq value was noted in the active stage of Mucha­

Habermann disease, while it was normal or else 

slightly elevated in erythema nodosum and ery­

thema induratum Bazin. 

Among bullous dermatoses. I case of bullous 
pemphigoid showed an extremely high level of Clq. 
the rest (3 of pemphigus vulgaris and 2 of bullous 

pemphigoid) giving normal concentrations. All the 
15 patients in the miscellaneous category showed 

Clq values within the normal limits. except the two. 

one suffering from pustulosis palmaris et plantaris 

and the other from drug eruption (erythroderma). 

who yieldcd above normal values. 

'2. Clq /e,·el and rn1al he1110/_\'/ic comp/eme111 
(CH50) 
Both Clq and CH50 in 44 patients were quantified 

and plotted in a scatter-diagram (Fig. 2). Although 

the number of patients examined was not !arge 

enough to warrant mention of anything definite 

concerning correlations between the two. the fig­
ure shows that in all cases of PSS and in a majority 

of SLE cases the leve! of CH50 was found 10 be 

lower, regardless of the leve! of Clq. In nearly all 
cases of cutaneous vasculitis. Clq values were 
above the normal range. 

3. Clq and C3 lf'l'els
In 70 patients, Clq and C3 were quantified and both 

were plotted in a scatter-diagram. No significant 

correlations bet ween Clq and C3 were seen in any 

of the skin diseases concerned. A� shown in Pig. 3, 

only in SLE was a moderate degree of positive 

correlation found, with 0.544 of Kendall's rank cor­

relation coefficient. which was significant at the 
0.01 % level. ln PSS. Clq was in or above the nor­

mal range. A majority of cutaneous vasculitis cascs 

including Beh(;et disease and pyoderma gan­
grenosum showed high levels of Clq. C3 concentra­

tions were mostly normal in these cutaneous dis­

orders but lower in �ome exceptional cases. 
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Fif(. 4. Toial hydroxyproline in sera and 1ha1 derived from 
Clq. □. serum hydroxyproline: ■. theore1ical hydroxy­
proline from Clq level (see Materials and Melhods). A:

53-year-old female. PSS; 8: female. 52. PSS: C: female.
46. PSS: D: femalc. 43, SLE: E: female. 50. DM: F: 

female, .50. anaphylactoid purpura; G: femalc. 20.
Mucha-Habermann disease: H: female. 50. livedo angiitis:
/: female, 58, thrombophlebilis: J: male. 41. Beh�et dis­
ease; K: female. 38. pyoderma gangreno\um.

4. Clq le,·el and clinical co11rse

Fig. 3 pre�ent� ups and downs af Clq and C3 levels 
in the clinical courses of a few representative 
patients. In SLE accompanied by knee joint 
tuberculosis, the Clq leve) was normal in the carly 
stage of observation. but it increa ·ed as Stevens­
Johnson·s syndromc appeared after streptomycin 
injection . On the other hand. C3 level wa� extra­
ordinarily low in the early stage. After the appear­
ance of Steven�-Johnson's syndrome. C) rose 
gradually but still stayed below the normal leve!. 
The patient with mixed connective tissuc disease. 
who had a butterfly erythema on the face. acro­
sclerosis. joint pain and fever, exhibited quite low 
levels of Clq and C3 when observation was in­
itiated. However. as these clinical symptoms im­
proved following \teroid therapy. Clq retumed to 
the normal level and C3 slowly rose. though not yet 
reaching lhe normal leve!. By cantrast. in the pa­
tient with PSS, and who�e clinical manifestations 
were stable, Clq was high and C3 and CH50 were 
lightly subnormal throughout the observation pe­

riod. In the patient with bullous pemphigoid. Clq 
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was at a markedly high leve I at the time of hospitali­
zation with multiple bulla. but it nipidly declined 10 
normal as the condition improved. In 1he �;ame pa­
tient. C3 remained unchanged in the normal range. 

The difference� in the mode of fluctuation of Clq 
and C3 during the observation of these represen1a­
tive patients seem to rellect that essentially differ­
ent pathological conditions cxist among thc respec­
tive di�eases. 

5. Cl</ and hydroxypro/ine in sera

In the 11 patients with various skin diseases (shown 
in Fig. 4) hydroxyprolinc in sera and that due ta Clq 
in the �ame sera were a��ayed. Hydroxyproline and 
Clq in �era were quantified by the methods referred 
to in Materiab and Methods. Hydroxyproline due 
to the Clq molecule "a!. calculated from the meas­
ured Clq amount using percentage weight of 
hydroxyproline. As seen from this figure. thc values 
of the e two agreed quite well with each other in 
the individual cases. notwithstanding the va,ied 
clinical features and/or pathological situations. 

6. Fibri11oge11 011d platelet

In 25 patients with skin diseases. Clq and librinogen 
were a�sayed quantitatively. The �amc patients were 
examined for platelet count at the same timc (Tablc 
I). Many of thm,e with a high serum level of Clq had 
a large amount of fibrinogen. On the other hand, no 
significant corrclntiont. wcre abscrvcd between Clq 
leve! and platclct count. A high platelet count was 
not registered in any of the cases examined. 

DJSCUSSIO 
In thi!. study, wc quantified Clq comparatively with 
CH50 or C3 in collagen diseases and cutaneous 
vasculitis. Townes (25) pointed out that the partici­
pation of antigen-antibody complexes including 

Table I. Correlatio11 betwee11 C/q /e,·els and

flbrino�e11 a11d platelets 

Fibrinogen Plateleb 
(180-350 mg/dl) (15-35x 10') 

High Normal Low High Normal Lov. 

Clq 
High 9 
Normal 2 
Lov. 2 

3 
7 
I 

0 
I 
0 

8 
Il 
2 

I 
3 
I 
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complement was less prominent in PSS than in 
SLE. and that a low C leve! was found in only 2 
cases out of 17 cases of the former. The results 
presented here show that both CH50 and C3 levets 
were depressed in many of the patients with either 
disease. but that the reduction of C3 was less prom­
inent in PSS than in SLE. Our data are consistent 
with previous papers reponing low total serum C 
and depressed early C component levels (C I, C4 
and C2) in collagen-vascular diseases ( 12, 2 L 22). 
However. our findings on Clq were rather confus­
ing. It was in fact found that Clq levets lay above 
the normal range in most of the patients with PSS 
and in a few with SLE. Moreover. the Clq levet was 
abnormally elevated in anaphylactoid purpurn and 
it was also raised in a majority of the patients 
with livedo angiitis. thrombophlebitis. Mucha­
Habermann disease, Behi;:et disease and pyoderma 
gangrenosum. 

At least for the present the abnorma! increase in 
Clq may possibly be explained by the following: 1) 
enhanced biosynthesis with the normal catabolic 
rate, 2) normal biosynthesis with the delayed cata­
bolic rare or consumption. 3) teak by destruction of 
synthesizing and sto1ing cells as with GOT and 
GPT in hepatitis or myocardial infarction. and 
4) abnorma! release from tissues, cells or com­
plexes. 

The first explanation might be supponed by AI­
Adnani & McGee·s claim that Clq production would 
be demonstrable in pathological conditions, namely 
in a silica granuloma, by fibroblasts in the sub­
cutaneous tissue of Wistar rats, but would not in 
normal conditions (2). 

The second explanation is rather unlikely lo ap­
ply. though theoretically the phenomenon cited can 
be caused by defect of enzyme(s) to catabolize Clq 
in congenital or pathological conditions, or alterna­
tively by abnorma! accumulation with the consump­
tion of C components in the alternate pathway. The 
former causative factor cannot yet be ruled out on 
account of the lack of information. and the latter 
factor is still less probable, since a raised Clq leve! 
was seen quite often in vasculitis and SLE, despite 
C3 being within the normal range. 

There is insufficient data available to discuss the 
third explanation in reasonable depth. 

Concerning the founh explanation, reference is 
made to several descriptions. as follows: The infil­
tration of neutrophils, associated with hypocom­
plementemia. is prominent in a process involving 

immune complexes (22). Clq binding to immune 
complexes is inhibited by collagen (3, 18). 
Collagen-induced platelet aggregation is curbed by 
Clq (4. 24). The collagen-like region of Clq reacts 
with the platelets (26). 

These previous observations do not appear to be 
entirely convincing, but the following speculation 
might be feasible. lmmune complexes, deposited on 
blood vessel walls. activate the C system. Conse­
quently. the fragment of C components causes the 
infiltration of polymorphonuclear leukocytes whose 
enzymes may destroy the vessel wall. The collagen 
released from the destroyed basal membrane or 
adventitia may be adsorbed onto cellular elements 
-including blood platelets-and occupy sites on
platelets (and possibly on other cellular elements)
so that Clq cannot be fixed by them. This specula­
tion is not at variance with the repon of Miller et al.
(13). fn this way, an increased levet of Clq can be
detected in blood circulation.

Serum Clq and C3 levets fluctuated inde­
pendently from each other in the clinical course of 
various diseases (Fig. 3) and an abnorma! increase 
in Clq was found in some diseases. which suggests 
that they may fulfil their own original biological 
and/or pathological rotes in vivo besides those con­
cerned with the enhancement of specific im­
munological phenomena as C components. This 
may be more likely in respect of Clq. 

Hydroxyproline was first measured in serum and 
plasma by LeRoy (8) and was believed to be related 
to a soluble collagen component of blood. It was 
later found that this hydroxyproline is more likely 
to be associated with Clq (9). Our experiment, in 
which hydroxyproline and Clq were measured in 
the same serum, demonstrated that practically all of 
the serum hydroxyproline is due to Clq, even tn 
various skin diseases. This is compatible with the 
observations of Miller et al. ( 13). It goes without 
saying, however. that the possibility cannot be 
ruled out of a tiny amount of hydroxyproline com­
ing from collagen in serum. 

We are currently continuing our efforts to ascer­
tain a possible competition between Clq and soluble 
collagen or its fragments on cellular elements of 
human blood, using an immunohistochemical tech­
nique. 
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