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In order to cvaluate factors possibly responsible for the increased incidence of
infections in patients treated with corticosteroids, immunoglobulin G (19G) metab-
olism was studied in 8 patients before and during the administration of predmsone
in a therapeutic range (80 mg. per day). The survival of intravenously administered
IgG was determined, and total circulating IgG, fractional catabolic rate, and
synthetic rate were calculated. There was no significant decrease in the measured
levels of circulating IgG, but all patients had a shortened half-time (5 to 45 per
cent) and an increased fractional catabolic rate (p < 0.01). Since corticosteroid
therapy was the only variable in these paired studies, it appears that corticosteroids
can cause a hypercatabolism of IgG in some patients. Thercfore, the maintenance
of normal levels of 1gG must be the result of an increased synthetic rate.

Following the introduection of corticosteroids in pharmacologic doses
for the treatment of inflammatory, autosensitivity, allergic, and other disorders,
it became apparent that their use was attended by an increased incidence of
infection. This predisposition to infection has been related to effects of corti-
costeroids on phagoeytosis, opsonization, and inflammation. In addition, effects
on cell-mediated immune mechanisms and on humoral antibodies have been
demonstrated.?

Early investigations in experimental animals suggested that the administra-
tion of corticosteroids before or in c¢lose proximity to antigenic stimulation could
block or diminish synthesis of antibody to the antigen.? Several studies, however,
showed no clear effect of corticosteroid administration on antibody activity once
antigenic stimulation had been accomplished.?* More recently, however, it hag
heen found during the course of administration of corticosteroids and antimetab-
olites that humoral as well as lymphocyte-mediated immune mechanisms are
markedly suppressed.* Although it might be anticipated that the so-called
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TABLE 1. Diagnoses and clinical features of patients

Case No. 1 Age/sex , Diagnosis l Re for repeated corticosteroid administration
1 2 F Seleroderma Therapeutic trial
v 38K Asthma Exacerbutions
] IN N Asthn Fxuneerbations
4 20N Rbnuitis [utermittent steroids for severe syimptoms
B FITY | A=thma FExacerbations
6 Sl Nevere eezema Requiving long term intermittent therapy
7 G F Nureonlosic Deteriotating pulmoary tunetion
S 537M Asthima Eoxacerbudions

lympholytie effect or plasma cell suppression might contribute to the reduetion
of antibody levels that have been observed, it has been shown in mice more
recently that the administration of corticosteroids may shorten hmmunoglobulin
survival® as had previously been noted for albumin survival in man and experi-
mental animals." *

The present investigation was designed to determine the effect of corti-
costeroid therapy on Igd survival by doing confrol and corticostoroid-treated
turnover studies in asymptomatic patients who had required intermittent corti-
costeroid treatment for their diseases.

MATERIALS AND METHODS
Patients studied

The characteristics of putients studied are swmmarized in Table 10 AL patients bat one
had required repeated courses of corticosteroid for treatment of their disease cntities prior
to the study. Case 1 received w therapeutic trial of corticosteroids heeause of painful and
disabling skin edema and inflammation. Informed consent wis obtained frone all patients.
Patients were afebrile at the start of the studies and were afebrile amd free from sepsis
throughout all studies. None had proteinuria, hivpoalbuminemin, or gastrointestinal symptoms.
Control studies preceded the corticosteroid-trenfed studies in all patients except Case 5.

Radiciodinated immunoglobulin G

A single ot of commercidly obtained Cohin fraction 11 1 Squibb lot No. 1967, wax
radioiodinated with D121 or 1175 ax previonsly deseribed.s Rinee some lots of Coln fraction
' eontain small amounts of dmpnrities and aggregates, a preparation relatively free from
such contaminants wax chogen, and the following studies demonstrated jts relative purity:

The unlabeled preparation was studied by immunoelectrophoresizs against horse antiliuman
whole serum, and only « single Immuunoprecipitation line was obtained. On suerose density
gradient ultracentrifugation, the unlabeled protein sedimented as n uniform peak in the
S runge. The purity of the radioiodinated prepavation wis assessed hoth by sucrose density
gradient ultracentrifugation and by radicimmunoelectrophoresis. Sucrose density gradient
ultracentrifugation of the radiolabeled preparation added to whole serum demonstrated that
all radioactivity appeured in a single peak in the Igti-containing fractions. Radioimmuno-
clectrophoresis against horse antihuman whole serum demonstrated only o single labeled

“Thix preparation has been demonstrated on radioimmunoussay by Dr. Joln T, Leddy to
contain 48 per cent 1gG,, 42 per cent [gG., 7 per cent Ig(G,, and 3 per cent TgQ,.
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Time since last on corticosteroids Other medication (constant)
No previous administration None
10 Days Tedral
10 Days Tedral, aminophylline
3 Days (2.5 mg. prednisone daily for 1 month previously) None
10 Days Tetracyeline, Tedral
On 10 mg. prednisone on alternate days None
30 Days None
40 Days Tedral

species. Thus if impurities or aggregates were present in Cohn fraction IT, they were either
minute in quantity or not detected because of preferential labeling of TgG.

The preparation was sterilized by Millipore filtration and checked for sterility by
aerobic and anaerobic cultures.

Study protocol

Puaired studies were done in each patient comparing TgG survival during a control period
off corticosteroids with an otherwise identical study on corticosteroids.

All patients studied during the control period had been off pharmacologic doses of
corticosteroid medieation for 10 days or more (Table I). (One patient, Case 5, was on 10
mg. of prednisone on alternate days until 3 days before the control study.) During the
corticosteroid period, prednisone therapy was maintained at a dosage of 10 mg. every 8
hours for a minimum of 3 weeks. The radiolubeled preparation wus administered after
patients were on prednisone for 3 davs. Following the study period, steroids were tapered
over a 5 day or longer period depending on the patients’ clinical status.

Patients were given 5 drops of saturated solution of potassium jodide daily throughout
the study to prevent thyroid uptake of the label. Serum IgG levels were determined by
radial immunodiffusion? at the start and completion of each study. Following the intravenous
injection of a known amount of radioiodinated 1gG (10 to 20 pc), daily serum specimens
were obtained for 3 to 4 weeks. Paired studies were done in all patients, with the second
study being postponed until no detectable radioactivity persisted from the first study. Urine
collections were taken in some but were not feasible in all patients. Stool and skin losses
were not assessed. Mamples were counted in a well-type automatic gammi ray scintillation
counter,

Calculation of data

Plasma die-away curves, fractional catabolic rates, and plasma volumes were ecaleulated
as previously deseribed.? As in those studies, fractional catabolic rate was caleulated hy the
method of Matthewsto from the plasma activity curves and plasma volume determined by
dilutiun of the injected radioactivity at the beginning of the turnover study. Statistical
signifieance of results was assessed by the matched-pair t test.1

RESULTS
Control studies: (Table I

The 1g(i levels of all patients were within normal range for this laboratory
(6.0 to 17.0 mg. per milliliter for white and 7.0 to 20.0 mg. per milliliter for
black individuals). Values shown are those at the beginning of the control



270 Griggs, Condemi, and Vaughan ' ALLERGY CLIN. IMMUNOI
MAY 1972

TABLE 1l. Effects of corticostercids on 1gG metabolism

: Totai Fractional Turmover

‘ | Serum lgG Survival circulating catabolic rate (synthetic}
Case Treated and iconcon'ruﬁon ~ half-time 196G (% plasma rate

No. | untreated | (mg./ml) . (days) (mg./Kg.) pool/day) img. /Kg./day}
- . - A
| Control 11X 10 0122
prednisons T 102 [EN b

2 Cantrol 1.z [BRL 12N R i
|']'t‘1ll|i.\(|lln' 137 14.2 480 ARV an
K Coutral 6.0 N S 1071 oo
predoison: 0.4 [ 275 ARIITN] 28
-+ Control N IRNE 420 N St
prednison: s [T 12t noel ol
) Cogtrod wy SR Zih IRTATH 15
predoisone il TIKN ang (IR 20
[} Contraol T 1.0 2o 0,006 24
prednisone LN 147 500 o o
n Control 151 1.0 I [0 ¢ g
predoisone 171 on [GETA [N Bl 157
N Cantral Nt IR R LN B P
prednisone iR .3 b3 (T Y i

p Valuet .50 < 0 .50 < 1l < o

“Tecehnical mishap precluded caleulution ot vilues in this patient.
tRtudents t matehed sample population comparison.

period and end of the prednisone period. The plasma saevival half-time for
1g(v was within the normal range given by others using similar methods (149
to 30,9 days [22.9 ¢ 10 days standard deviation|™ for 5 of the 8 patients and
slightly helow the novmal yvange for Cases 1, 7, and 8, one of whom had sclero-
derma and another sarcoidosis, The control fractional catabolic rate was elevated
in the same 3 patients bat normal in the others {0.066% + 0.0152 standard devia-
tion). Although the turnover rate of Igti fell within the normal range (33.7 =
11.2 standard deviationy in 7 of the 8§ patients, in Case 7, with sarcoidosis, the
turnover rate had a threefold inerease

Prednisone administration studies: (Table Ii)

No consisient change in fgtl level was observed with prednisone therapy.
Differences were small in all patients except Case 1, in whom a 30 per eent
reduction in g6 Jevel was obscerved. Although no consistent change o Tatd
fevels was observed following the administration of ecorticosteroid, there was a
marked shortening of plasma survival half-time during prednisonce treatment
in all 8 patients. The decrease represented a 5 to 45 per cent reduetion of the
control half-time value. A similar effect was noted on the tractional eatabolie
rate which was inereased in all patients. The inerease was small in 2 patients
but significant for the group as a whole (p < 0.01). Despite the apparent
hypercatabolisin of the ¢xogenously administered I'g(i, the total etrculating TgG
was not significantly altered. The turnover rate was clevated in all patients,
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DISCUSSION

These studies demonstrate that despite the persistence of normal levels of
immunoglobulin (¢ during treatment with corticosteroids, the catabolism of
administered IgG is substantially accelerated. The caleulated synthetic rate
was inereased and apparently offset the hypercatabolism, normal levels of IgG
heing maintained during the 3 to 4 weeks of the study. Studies by other workers®
using the mouse demonstrated a similar hypercatabolism of immunoglobulin
during administration of hydroeortisone, although the levels of immunoglobulin
fell as well. However, the doses used (up to 5 mg. of hydrocortisone per mouse
and therefore 250 mg. per kilogram were proportionally muech higher than those
used in the present study. In faet, at lower doses (0.25 mg. of hxydrocortisone
mouse, 12.5 mg. per kilogram) no cffects on immunoglobulin level or eatabolism
were ohserved, There have heen ne other comparably controlled studies in mamn,
but Andersen'™ studied effeets of low-dose prednisone on 3 cirrhotie patients
and noted a slight aceeleration of catabolism. Recently, Wochner'™ in studies
of iImmunoglobulin  metabolism in connective tissue diseases, incidentally
studied Ig(i survival in 3 patients hoth on and off corticosteroid therapy.
Two of the 3 were found to have a shortened survival of Ig(t. Wochner'? also
compared survival of IgQ in 2 groups of patients with collagen disecase, those
on and those off corticosteroids, and since there was no difference between the
groups, he concluded that corticosteroids had no effeet on Ig(i survival. The
variability of survival and catabolic rates between patients, however, makes it
preferable to eompare the effeets of a given factor in the same patient, as was
done in the present study.

The derived data in the present study are dependent on the maintenance of
a steady state during the study, both in terms of compartment size and in the
metabolic proeesses in each compartient. Since steroid administration was
short term, it is possible that cumulative effeets of steroid therapy may invalidate
the assumption of a steadyv state. In parvticular, plasma volume was measured
only at the beginning of the study, and changes in compartment size cannot
therefore be assessed. For this reason it mayv bhe more appropriate to hase con-
clusions on the differences between the plasma survival half-time in paired
studies on the same patient rather than using the theoretically more metaboli-
ally meaningful determinations of fractional catabolic rate and synthetie rate.
The observations of Fischel and associates’™ that antibody titers increased
abruptly following the administration of ecorticosteroids suggest that corti-
costeroids may well affeet the space of distribution or binding of antibody. The
recent observations' that a significant portion of immunoglobulin is not in rapid
equilibrium with what is considered the usual total body pool suggests that
corticosteroids eould casily effect changes in apparent cataholism by inercasing
or decreasing the size of this pool. Catabolic rates, such as those determined
by the short-term measurements of protein destruction,’”” may well prove a
mueh more aceurate measurement of instantaneous catabolism and also provide
a hetter assessment of changes with prolonged administration of corticosteroids.
Although other investigators'® have shown no increase in the catabolism of
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antibody nitrogen and have interred that corticosteroidy therefore did not affect
the rate of catabolism, the present study shows that at least radiolabeled Cohn
fraction 1T is hypercatabolized, and the lack of change in the serum levels
reflects inereases in synthesis or change i distribution during  corticosteroid
administration. It must he pointed out that in 7 of the 8 patients the prednisonce
study followed the control study. 11 antibodies were fornwed to the radiolabeled
Cohn fraction 1] duving the first study. a systematic error might have been
introduced. However, caveful veview of the plasma dicaway eneves during the
seeond study did not support rapid, immune elimination as might have heen
expeeted it the apparent hypereatabolisn was the vesult of antiallotype anti-
hodies.

The selection of patients for this stwdy posed a considerable problem. We
were unwilling to administer the prolonged dose of corticosteroids necessary
for the study to patients who did not require eorticosteroids for therapeutie
reasons. The report of hypereatabolisne of Teti in patients with various collagen
diseases™ and the uncertaimy ax to how  corticosteroids niight  affeet this
abnormality led us to choose patients whose disease was less apt to be associated
with Tegtl almormalities. Aecordingly, all but 2 of the patients had asthinia,
rhinitis, or vezema. Other conditions known 1o be associated  with decereased
survival of Igtl, such as nephrotic syndrome, myotonie dystrophy. hyperthyroid-
isni, and multiple myeloma,"" were not present. The pairing of the studies in
the same patient provides further assuranee that the differences ave related to
the addition of corticosteroids.

The basis for the shortened survival of gt with prednisone treatent is
not known. The possibility of catabolic enzvine induetion has been diseussed by
others.” Another possible mechanism woulidl he corticosteroid-indneed ysis of
Ivmphoid eells which have been shown 1o have attached immunoglobulins,t
thereby making o given wmoleeule more vulnerable to attack, Tlowever, rocent
in vivo studies™ of human lvmphoid eells have failed to demonstrate any sueh
Ivsis by hydrocortisone,

The signiticanee of the decveased survival of gt as an explanation for the
inereased incidenee o donfection during corticosterold administration remmains
uncertain. Itowaould he of interest and perhaps of more elinical significance to
assess the rates of disappearance of labeled antibody species, both those anti-
hodies actively produecd by the patient and those administered passively.

We are indebted to Dy Peving Spar for assistanee an radiolabeling the [eGoaodd o M,
Frank Buettner and Mrs, Elstc Welelt for assistanee in performing this study.
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