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Effect of body weight and caloric restriction on serum complement proteins,
including Factor D/adipsin: studies in anorexia nervosa and obesity
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SUMMARY

Complement plays important roles in host immune defences, and recent studies suggest that adipose
tissue is an important site of production for some complement proteins. Starvation has been associated
with low complement levels, but studied populations have usually had concomitant opportunistic
infections or other conditions which might affect complement levels. To determine the impact of body
weight and changes in body weight on serum complement, we investigated levels of complement
proteins in otherwise healthy patients with a wide range of body weights, including patients with
anorexia nervosa before and after treatment, obese dieters before and after weight loss, and normal
weight controls. We found that complement proteins of the alternative pathway (C3, B, and D),
alternative pathway haemolytic activity (AP50) and the inhibitors H and | were low in starving
anorectics and normalized with weight gain. C3a levels were comparable in anorectics at low weight
and after weight gain, indicating that low serum complement levels were attributable to hypoproduction
and not complement cascade activation with consumption. Further, levels of C3, B, AP50, H and I, but
not D, were higher than controls in obese patients and decreased toward normal after weight loss.
Overall, percentage of ideal body weight, changes in body weight, and serum transferrin were each
highly correlated with serum levels of complement proteins. We conclude that levels of alternative
pathway complement components are determined in part by factors that influence body weight and by
weight changes, possibly due to changes in production in adipose tissue or at other sites.
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INTRODUCTION decreased complement levels [9—-12]. However, it remains unclear
if the low complement levels are due predominantly to impaired
%roduction, or if consumption due to chronic activation of the

. . . complement cascade by recurrent infections may play a role
Most complement proteins are synthesized by the liver and b ? ) .
P P A y 2,13]. It would be desirable to study complement in subjects

macrophages [1-3]. Recent observations that adipose tissue is t ) . - .
phages [1-3] P who severely restrict calories but are otherwise healthy. Patients

site of production of some complement components, especiaII\/N. . ; . .
. . ith the eating disorder anorexia nervosa and obese dieters are two
Factor D, suggest previously unsuspected links between the

systems of energy balance and immunity [4-8]. sucznporplj(liatlr:)r}i. i " ting disorder in which patient
Studies of complement in patients with low or changing body orexianervosals a serious eating disorde ch patents,

weight can provide insights regarding production of complemen usually girls and young women, severely restrict calorie intake;
components and the mechanisms regulating their synthesis th Pglthfenght lsub;equlently declines ?nd may pro%ress to a body
operatein vivo. For example, starvation in third world children v;/]elg t far be OWI ideal. Reports on a few pgtl(lelntsh ave ?uEgesited
with protein-energy malnutrition has been associated witht a.t some complement compongnts, especia yt 0s€ 0 the alter-
native pathway, may be deficient in patients with anorexia nervosa,

his has n n maticall ied [14—-16]. Complemen
J.M. current address: Neuropsychiatric Research Institute and Unipu“ s has not been systematically studied [ 6. Complement

versity of North Dakota School of Medicine, Fargo, ND, USA. proteins have not bgen previously studied in patients_with Opesity.
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USA. and body weight on complement, we studied complement compo-
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University of Kentucky College of Medicine, MN 672 University of to distinguish effects of low body weiglger sefrom effects of
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Complement plays a major role in host defence against invadin
microbes, via either the classical or alternative pathway [1-3]
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complement levels in a group of obese women being treated witihdequate protein intake was ensured during in-hospital therapy.
severe caloric restriction on a very low calorie diet. Obese dieters had adequate protein intake delivered by the liquid
protein supplements prescribed during treatment.

Serum samples were obtained from anorexia nervosa patients

PATIENTS AND METHODS at the time of hospital admission (baseline) and after achieving

Subjects their goal weight, usually 90% of ideal body weight (final). Serum
Patients were recruited from the Eating Disorders Programme isamples were obtained from obese subjects at the time of enrol-
the Department of Psychiatry at the University of Minnesotament in the out-patient study (baseline) and at a follow-up visit 3
Medical Centre. For patients with anorexia nervosa, subjectsnonths later (final), when they had just completed the very low
were identified at admission to the in-patient treatment unit.calorie diet.
Women over the age of 16 years were eligible for the study if
they met DSM-IIIR criteria for anorexia nervosa [17], were <80% Body weights
of ideal body weight, and were able to provide informed consentPatients with anorexia nervosa weighed only about two-thirds of
(including parental consent for minors). Anorectic patients weretheir ideal body weight at enrolment, and with therapy re-gained
treated with an intensive, standardized programme utilizing cogalmost 20% of their ideal body weight (Table 1), with an average
nitive behavioural techniques. A trained dietitian prescribedweight increase of 18+ 55 kg (P<00001). Obese patients
caloric intake necessary for the desired weight gain and towveighed an average of-7 times their ideal body weight
ensure adequate protein intake. For obese patients, subjects wefeable 1). After the 3-month diet period, obese patients’ weights
identified at admission to an out-patient treatment programméiad decreased to an average ef imes their ideal body weight
which utilized a very low calorie diet that consisted of liquid (Table 1); obese dieters lost an average of71#53-5kg
supplements that supplied essential nutrients, including protein(P<0-0001).
Some of these subjects were also randomized to receive cognitive For comparison, anorectic patients at baseline weighed an
behavioural therapy. Women over the age of 18 years were eligiblaverage of 3% below their ideal body weight, while obese
for the study if they weighed at least 140% of ideal body weightpatients lost an average of 3% of their ideal body weight during
and provided informed consent. For both groups, patients weré&reatment. Nevertheless, obese patients remained an average of
excluded if they were receiving psychotropic medications or41:5% greater than ideal body weight at the end of the study period.
medications known to interfere with immune function, such as
corticosteroids. Ideal body weights were determined from the 198Estimated nutritional status
Metropolitan Insurance Tables. Nineteen anorectic patients and 1Pransferrin was measured as an indicator of nutritional status.
obese subjects met eligibility criteria and were enrolled in theAnorexia nervosa patients had significantly lower transferrin levels
study. at baseline than controls (Table 1). In anorectics, transferrin levels

Normal weight womenr(= 18) were recruited from laboratory increased an average of -86- 635 mg/dl, returning to normal
personnelif=12) and the general population by newspaper adverwith successful treatmenP& 0-0001, Table 1). Transferrin levels
tisement (1= 6) to serve as controls. Control subjects had to be 90-in obese patients were similar to those of controls at baseline and
125% of ideal body weight. Subjects were excluded if they had adropped an average of 43+ 31:9mg/dl after dieting (Table 1,
past history of an eating disorder or other major psychiatric illnessP=0-001). However, transferrin levels in untreated (starving)
or currently had any other significant medical condition, or wereanorectics were significantly lower than the levels observed in
receiving psychotropic medications or medications known toobese patients after 3 months on the very low calorie diet (259
interfere with immune function. versus281 mg/dl,P <0-05).

Calorie counts were performed by the dietitian for all anor-
ectics at baseline and during treatment. Although caloric intakeComplement assays
was dramatically reduced in anorectics at baseline, protein intak8erum was immediately separated and stored-a€°C. All
for all subjects met the USA required daily allowance standardscomplement assays were performed in a single laboratory in

Table 1. Characteristics of anorexia nervosa, obese, and control study populations

Anorexia nervosa Obesity Control
(n=19) h=12) (h=18) P

Age (years) 29+ 79 405 = 7-218 282+ 70 <00001
Weight (kg) Baseline 39 + 7-4% 976 + 15718 599 + 64 <00001

Final 507 + 5:4* 819+ 136*1§ <00001
% ideal body wt Baseline 69+ 100% 1688 + 22918 1073+ 109 <00001

Final 885 + 4.9*% 1415+ 191*18 <00001
Transferrin (mg/dl) Baseline 259+ 67-1% 3245 + 6608 3212 + 338 0002

Final 3454 + 455* 2810 £ 58418 0002

* P<0:0001 versusbaseline; P <0-001 versusbaseline; # <0-05 versuscontrol subjects; £<0-05 anorexia nervosa
versusobesity.
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batched groups. Serum C3, C4, and Factor B levels were detedisordered group were examined separately using repeated
mined by standard nephelometry techniques using the Beckmameasures analysis of variance.
Array Protein System. For Gid assays, serum samples in serial Analysis of complement components of the alternative path-
dilution were mixed with sensitized sheep erythrocytes and thavay (C3, Factor B, AP50), the classical pathway and membrane
ODy414 0f the supernatant was determined after incubation &€ 37 attack complex (Clg, C4, C2, Ghland C5), and complement
for 60 min. Results are expressed as the reciprocal of the dilutioimhibitors (C1-inhibitor, Factor H, Factor 1) was performed in a
required to lyse 50% of the erythrocytes [18,19]. To assess functiosimilar manner with the following exceptions: (i) a multivariate
of the alternative complement pathway, AP50 assays were pemnalysis of variance was performed separately for each group of
formed by mixing dilutions of serum samples with rabbit erythro- complement levels to limit the number of comparisons; univariate
cytes and determining the QP of the supernatant after incubation analyses for individual components were considered significant
at 37C for 60 min. Results are expressed as the reciprocal of thenly when the multivariate analysis was significant; and (ii) age
dilution required to lyse 50% of the erythrocytes [20]. Serum levelswas used as a covariate to control for baseline differences. A
of Clq, C2, C5, Cl-inhibitor and Factors H and | were measured bygeparate analysis of variance was performed for Factor D.
radial immunodiffusion using commercially available kits (The Correlations of baseline complement levels with transferrin and
Binding Site Inc., San Diego, CA). percentage of ideal body weight across all groups were examined
Factor D was measured by a haemolytic assay [21]. Factor Dusing Pearson correlations. Correlations of baseline to final assess
depleted serum was prepared by passing human serum over a Bioent change in complement and body weight for the anorectic and
Rex-70 cationic exchange resin (BioRad Labs, Hercules, CA)obese groups were evaluated using Pearson correlations.
Dilutions of serum samples were then added to the D-depleted
human serum and incubated with rabbit erythrocytes in Mg-EGTA
for 1 h at 37C, and supernatants were read at/@PConcentra-
tions of D inug/ml were determined by comparison with a standard Alternative complement pathway
curve using known amounts of purified D (Quidel, San Diego, CA).Because a few small studies had reported that the alternative
To determine if low serum complement levels were attributablepathway might be preferentially affected in anorexia nervosa
to hypoproduction or to activation of the complement cascade wit{14—-16], we first studied components of this pathway including
consumption, we performed additional studies of the activationC3 (which also participates in the classical pathway), Factor B and
peptide C3a. C3a serum levels were determined by radioimmunahe functional assay, AP50. In untreated subjects, serum levels of
assay. A positive control using zymosan-activated serum washese alternative pathway components (C3, Factor B, AP50) were

RESULTS

79749 ng/ml. significantly different among the three study groups (multivariate
F=898,P<0-0001) (Fig. 1). Univariate comparisons gmast hoc
Statistical analysis tests revealed that CF £ 132, P<0-0001), Factor B =123,

Differences between groups in study population characteristic® <0-:0001) and AP50 K=279, P<0-0001) were significantly

(age, weight, percentage of ideal body weight, transferrin) atower in untreated anorectics and significantly higher in untreated
baseline and at final assessment were compared using one wapese patients at baseline in comparison with normal controls
analysis of variance with Tukey's HSPost hoccomparisons.  (Fig. 1). Serum levels of alternative complement pathway proteins
Changes from baseline to final assessment within each eatingere 15-2-fold higher in obese patients at baseline than in
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Fig. 1. Serum levels of complement components of the alternative pathway in patients with anorexia nervosa and obesity before and after
treatment (meart s.e.m.). Serum C3, Factor B, and AP50 levels were significantly lower in untreated patients with anorexia nervosa and
significantly higher in obese patients than in normal-weight controls. Treatment resulted in normalization of serum levels of alternative
complement pathway components, with increased C3, Factor B, and AP50 levels in anorectics and decreased C3 and AP50, but not Factor B,
levels in obese subjects. At study end, levels of C3, Factor B, and AP50 were comparable in treated anorectics and controls; levels of C3 were
comparable in dieting obese subjects and controls, but differences in Factor B and AP50 levels between obese subjects and controls persisted.
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Fig. 2. Serum levels of Factor D/adipsin in patients with anorexia nervosa,
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and obesity before and after treatment (mezasie.m.). Factor D levels . ; ;
were significantly lower in untreated anorectics than normal-weight!/€Vels remained among groups at study end (Fig. 1). The difference
controls and, after treatment, increased significantly to levels comparabl&as due to persistent differences between levels in obese subjects
to controls. In contrast, obese patients had Factor D levels comparable @nd controls, possibly corresponding to persistent obesity (i.e. at
controls both before and after dieting.
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untreated anorectics. Thus, a strong association between serum
levels of alternative complement pathway proteins and body
weight was observed.

For anorectics, treatment and consequent weight gain were
associated with significant increases in serum components of the
alternative pathway (multivariate=11-8, P<0-0001). Univariate
comparisons revealed significant increases after treatment in C3
(F=341, P<0:0001), Factor B =131, P<0-002) and AP50
(F=259,P<0:0001). C3 increased by 36%, B increased by 19%,
and AP50 by 28%. Conversely, for obese patients, dieting and
weight loss were associated with significant changes in serum
components of the alternative pathway (multivaridte=7-6,
P=0-008). Dieting obese patients experienced significant
decreases in C3F(F=108, P=0007) and AP50 £=88, P=
0-013), but not Factor BR=1-8, P=0-21). C3 decreased by
11% and AP50 by 10%.

Multivariate comparisons revealed that significant differences
remained among the three groups in alternative pathway comple-
ment components after treatment (multivariafe=89, P<
0-0001). Despite normalization towards control values, differences
in Factor B £=7-4, P=0011) and AP50 E=100, P=0:004)

study end, obese patients remained an average of 34% of ideal
body weight heavier than controls). In contrast, serum levels of
Factor B and AP50 in treated anorectic patients were comparable
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Fig. 3. Serum levels of complement components of the classical pathway and C5 in patients with anorexia nervosa and obesity before and after
treatment (meart s.e.m.). Complement components of the classical pathway did not differ significantly among groups at baseline or after
therapy. Levels in anorexia nervosa patients increased significantly from baseline to study end due to increases in C1q, §2Alhd CH
complement components of the classical pathway and C5 were unchanged during dieting in obese patients.
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to those of control subjects (Fig. 1). Further, serum levels of C3 didwith significant changes in classical complement pathway compo-
not differ significantly among the three study groups by study endhents (multivariate= = 4-48, P=0-012). Univariate tests revealed
(F=01, P=074) (Fig. 1). These results suggest that weight-significant increases in Clg-E€54, P=0032), C2 £=126,
associated variations in components of alternative complemer?=0-002) and CHy (F =245, P<0-0001), but not C4F=2:3,
pathway are at least partially correctable with normalization ofP=0-15) or C5 £ =098, P=0-34). For obese patients, there was

weight. no significant change in any of the classical pathway complement
components during dieting (multivariaté =0-909, P=0-52)
Factor D (adipsin) (Fig. 3).

Factor D of the alternative complement pathway is now recognized
to be identical with adipsin in both mice and humans, and isInhibitors of complement activation
considered to be the rate-limiting step in the alternative comple-To explore complement further in patients with different body
ment cascade. In normal weight control subjects, D levels averagedeights, we studied levels of factors responsible for negative
1-30* 0-25ug/ml; these results are comparable to those previouslyegulation of the complement cascade. Cl-inhibitor binds to and
reported by investigators using an ELISA assay [22]. removes Clr and Cls from C1 complex; Factor H inhibits
Baseline levels of D were significantly different between the assembly and accelerates decay of C3bBb and is a cofactor for
three study groupsd<(=9-63, P=0-0003). Levels of D in starving C3b cleavage by Factor |; and Factor | causes proteolytic inactiva-
anorectics were significantly lower than in controls (Fig. 2). Factortion of C4b and C3b. Low Factor H and/or | levels have been
D levels increased by 23% with refeeding=<27:2, P<0-0001) associated with uncontrolled activity of the alternative pathway,
(Fig. 2). Furthermore, D levels in untreated anorectics webe 1 and thus, low C3 levels.
fold lower than in obese patients, suggesting that low body weight In our study, baseline serum levels of inhibitors of complement
is associated with low D levels (Fig. 2). Although baseline D levelsactivation were significantly different among the three study
tended to be slightly higher in obese patients than in controls, thgroups (multivariateF =61, P<0:0001) (Fig. 4), suggesting a
difference was not statistically significant. D levels did not significant association between body weight and serum levels of
decrease in obese patients during caloric restrictibre 11, these inhibitors. Univariate tests amgbst hoc comparisons
P=032), i.e. at a time of decreasing body weight and lowrevealed that Factor HFE=96, P<00001) and Factor |
transferrin but persistent obesity. Thus, no significant differenceg¢F =115, P<0-0001) were significantly lower in starving anor-
in Factor D levels among the three groups were observed aftegctics and significantly higher in obese patients at baseline in

treatment F =16, P=0-21). comparison with normal controls. At baseline, levels of Factor H
and Factor | were more thatStfold higher in obese subjects than
Classical complement pathway in starving anorectics. Levels of these inhibitors changed signifi-

We also studied components of the classical complement cascadantly after treatment in anorectics (multivariate=9-5,

(Clq, C2, C4, CHy and the membrane attack complex (C5). P=0-001), with univariate tests showing increases in Factor H

Overall, anorectics, obese patients and controls had comparab(€ =200, P<0:0001) and Factor IK=260, P<0-0001), but not

levels of these complement components both at baseline (multi€1-inh =2-5,P=013) (Fig. 4). H levels increased by 24% and |

variateF =1-5, P=0-15) and at the final assessment (multivariate levels increased by 36% during treatment and weight gain in

F=0-259,P=093) (Fig. 3). These results suggest that there is noanorectics. In contrast, obese patients demonstrated no significant

significant effect of body weight on complement components ofchange in serum levels of inhibitors of complement activation after

the classical pathway, contrasting with the striking effect observedreatment (multivariaté& = 3-31, P=0-07). However, serum levels

for alternative pathway components. of Factors H and | decreased toward normal (by 13% and 14%,
Treatment of patients with anorexia nervosa was associatetespectively) with caloric restriction and weight loss. Comparisons
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Fig. 4. Serum levels of inhibitors of complement activation in patients with anorexia nervosa and obesity before and after treatment
(meant+ s.e.m.). Serum Factor H and Factor | levels were significantly lower in untreated patients with anorexia nervosa and significantly
higher in obese patients than in normal-weight controls. Treatment resulted in an increase in Factor H and Factor | levels towards normal in
anorectics; small decreases in Factor H and Factor | levels were observed in dieting obese subjects, but the changes did not reach statistical
significance. At study end, serum levels of inhibitors of complement activation were comparable in all groups.
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Table 2. Correlation of percent ideal body weight, nutritional status (transferrin), and serum complement in patients with
anorexia nervosa and obesity prior to treatment

Complement Correlation with Correlation with percent
component transferrin P ideal body weight P
Alternative pathway
C3 0593 <00001 0720 <00001
Factor B 0465 0001 0686 <00001
Factor D 0248 NS (009) 0589 <00001
AP50 0481 <00001 0831 <00001
Classical pathway
Clq 0460 0002 0447 0003
Cc2 0457 0002 0339 0026
c4 0256 NS (007) 0474 0001
CHsg 0-355 0012 0488 <00001
Membrane attack complex
C5 0172 NS (027) 0416 0005
Inhibitors
C1-inhibitor —0229 NS (014) —0-208 NS (018)
Factor H 0643 <00001 0690 <00001
Factor | 0549 <00001 0752 <00001

of the three groups after treatment revealed no significant differAP50, C1q, C2, C4, Ck, C5, Cl-inhibitor, H and | were each
ences in serum levels of inhibitors of complement activationstatistically significant (Table 2). Transferrin was used as an
(multivariateF =0-05, P=0-71). indicator of nutritional status. Transferrin correlated closely with
most of the complement components studied; correlation coeffi-
Correlation of percentage ideal body weight with serum cients were best for the components of the alternative complement
complement pathway (Table 2).
Complement components of both the alternative and classical The strong correlation of body weight with serum complement
pathways correlated closely with percentage of ideal bodylevels is reflected in our finding that the lowest serum complement
weight. For all groups (anorexia nervosa, control, obese) at basdevels were found in anorectic patients with the lowest body
line, correlations of percentage ideal body weight and C3, B, Dweights. For example, the most severely affected anorectic patient

Table 3. Correlation of change in serum complement levels and change in body weight after treatment in patients with
anorexia nervosa and obesity

Change in complement

component
Complement Correlation with change
component Anorexia Obese in body weight P
Alternative pathway
C3 +281 + 21.0 —141* 148 0845 <00001
Factor B +44 + 53 -30*=78 0573 0001
Factor D +024 = 0-2 —-003=01 0688 <00001
AP50 +46 = 39 —-30+35 0800 <00001
Classical pathway
Clq +97 + 82 —104 = 212 0430 0016
Cc2 +40 + 49 —22=*+52 0575 0001
C4 +16 = 47 —24+35 0535 0002
CHsg +17-3+ 152 —116 = 232 0590 <00001
Membrane attack complex
C5 +46 = 204 —112 =209 0330 NS (G07)
Inhibitors
C1l-inhibitor —212 + 585 +47 + 525 -0237 NS (620)
Factor H +9@ + 880 —782* 1137 0710 <00001
Factor | +130 £ 111 —87x97 0796 <00001
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Table 4. Serum C3a levels in anorexia nervosa initial weight. Taken together, these results support a significant role
for body weight and changes of body weight in the determination of
serum complement levels.

Complement components of the alternative pathway were
preferentially affected by weight loss in both anorectics and

Serum C3a (ng/ml) +s.e.m.

Anorexia nervosan(= 8)

Baseline 280 30 (range = 201—-430) obese dieters, while components of both the classical and alter-
Einal 290= 30 (range =213-461) native pathway have been reported to be decreased in protein-
Control (1=7) 290+ 32 (range = 161-406) energy malnutrition [11]. The preservation of protein intake in the

diet of anorectics and obese dieters (receiving liquid nutritional
supplements) contrasts with the dramatically reduced protein
intake documented by others in children with protein-energy mal-
(weighing 21 kg, i.e. 47% of her ideal body weight) had the lowestnutrition. These observations suggest that the components of the
levels of C3 (55 mg/dl), AP50 (28U) and D (059ug/ml). With alternative pathway may be preferentially affected by loss of
treatment, she more than doubled her body weight to 49 kg and hexdipose tissue, while classical pathway components may be more
alternative pathway complement levels also rose markedly, includsensitive to changes in protein status.
ing C3 (131 mg/dl), AP50 (24 U) and D (322ug/ml). Factor H Decreased serum complement values that we observed could
levels rose from a baseline of 276 ¢ 642mgl and | levels  have been due to activation of the complement cascade with
increased from 25 mbfo 67 mgl. Interestingly, classical pathway consumption, or alternatively due to hypoproduction. We found
components were much less affected in this patient, with a baselingnat the complement inhibitors H and | were significantly affected
C4 level of 23 mg/dl, rising only slightly to 28 mg/d| at treatment by weight loss. Since low Factor H and | levels can result in
end. C5 levels actually decreased from 131InmA7 mgl during uncontrolled activation of the alternative pathway and thus low
treatment. C3 levels, it has been proposed that defective H and | produc-
tion is the primary defect in anorectics with low complement [16].
Correlation of changes in body weight with changes in serumHowever, in our study, the levels of H and | in most anorectic
complement patients did not appear to be low enough to compromise their
To determine if changes in body weight were associated withregulatory function of the alternative pathway. Further, levels of
changes in serum complement, we correlated changes in the€&3a, an activation peptide, were comparable in starving anorectics,
parameters over the time of the study (Table 3). The pre- to postanorectics after weight gain, and controls. C3a should be formed if
treatment changes in C3, B, D, AP50, Clq, C2, C45§85, C1-  there is excessive spontaneous activation of the alternative path-
inhibitor, H and | were each significantly correlated with change inway due to insufficient regulation. Therefore, low complement
body weight. Successful treatment of anorexia nervosa with caloritevels in anorectics cannot be attributed to activation of the
repletion and weight gain was consistently associated withalternative pathway; implying hypoproduction as the predominant
increases in serum complement components of both the alternativatiology.
and classical pathways. Dieting and the subsequent weight loss The cellular site of hypoproduction of alternative complement
in obese patients were consistently associated with decreases ¢g@mponents during caloric restriction remains unknown. Factor D
serum complement values. In the latter group, the decline in serurnis produced predominantly in fat cells [4]; small amounts are also

complement was from supra-normal levels toward normal. made in monocytes or macrophages. Therefore, decreased produc-
tion of D in adipose tissue appears to be the most likely etiology of
C3a assays low D levels in anorectic patients. Hypoproduction of D by adipose

To determine if low serum complement levels were due totissue could be related to decreased synthesis per adipose cell, or
hypoproduction or to activation of the complement cascade withdue to decreased numbers of normally functioning adipose cells. In
consumption, we assayed C3a. C3a is an activation peptide whiokither case, a serum level proportional to adipose tissue mass, like
would be expected to be elevated with activation of the complethat observed in our study, would be expected.

ment cascade and would remain normal if low serum complement It is more difficult to conjecture about the cellular site of
levels were due to hypoproduction. We found that C3a levels weréanypoproduction of the other alternative pathway components.
comparable in anorectics at low weight and after weight gain, andAdipose cells also synthesize other essential components of the
did not differ significantly from controls (Table 4). alternative pathway, including C3 and B [23] (though to a lesser
extent than for D), but not components of the classical pathway. It
is possible that low levels of C3 and B might be attributable to
decreased production in adipose cells. However, the serum D
Serum levels of complement components, especially those of thievels are much lower than C3 and B levels and the turnover of
alternative pathway, varied with percentage ideal body weight andC3 is quite rapid, suggesting that adipose cells would have to be
changes in body weight. As in other forms of starvation [12], producing a great deal of C3 if changes in serum C3 were due
complement levels were significantly below normal in low-weight entirely, or even predominantly, to production in adipose cells. It
anorectics, suggesting that low body weigigr se even in the  seems more probable that the low C3 and B levels in patients with
absence of complement activation by opportunistic infections and ilow or declining body weight may be attributable to hypoproduc-
the absence of protein deficiency, results in decreased serution at other sites, such as the liver. Therefore, the impact of
complement levels. Unexpectedly, we found that serum complemerthanges in body weight on complement may be explained by
levels in obese patients were significantly higher than those irdecreased production of D in adipocytes and of other alternative
normal weight controls. Decreases in serum complement levelpathway complement components at other sites, such as the liver.
were seen after calorie restriction in both groups, regardless of Adipsin, now recognized as identical to human complement

DISCUSSION
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Factor D [7,8], is a novel member of the serine protease familynervosa were not associated with altered risk of infection or other
which was first investigated in mouse models of genetic obesity. Irclinical consequences, and normalized with correction of body
these animals, adipsin levels were markedly reduced both in fattyveight. We conclude that changes in body weight, even in the
tissue and in serum [5]. We found decreased levels of D in starvingabsence of secondary infections or protein deficiency, affect serum
low-weight anorectic patients, as had been previously reportetevels of complement proteins, especially those of the alternative
[22], and confirmed that D increases with refeeding in thesepathway. Our findings suggest that factors that influence body
subjects. Decreased adipsin levels, as seen in starving anorectiggeight, and changes of body weight, contribute to control of serum
were initially reported in mice with genetic obesity. To explain this levels of the alternative pathway complement proteins, and that
apparent paradox, we attempted to discern what similarities obegbese changes are due to altered production in adipose tissue and/or
mice and starving anorectics might have. Genetic mouse obesitgther sites.

models (ob/ob and db/db) are characterized by glucocorticoid

excess [5,6]; starving anorectics have marked activation of the
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