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Summary.-The uptake of radiolabelled (1251) aggregated human IgG (AggIgG) by
the renal cortex, liver, spleen and lung was evaluated quantitatively in mice treated
with hydrocortisone (HC) (25 mg) 72 h previously. AggIgG was administered in a dose
of 1-5 or 3-5 mg/g body wt i.v.; tissue and blood were obtained at 1, 4 and 24 h. Renal
cortical and mesangial uptake of AggIgG was significantly increased in HC animals.
A rise in blood level was also observed in association with decreased splenic uptake,
normal or slightly increased hepatic uptake and unchanged lung uptake. A significant
increase in the kidney: lung and kidney: spleen ratios of AggIgG was induced by
hydrocortisone, suggesting a relatively greater rate of loss from the spleen and liver
than the renal cortex. The increased mesangial uptake may be a consequence of
higher blood levels of AggIgG, as well as a direct effect of HC on the mesangium.

A VARIETY OF MACROMOLECULES are

sequestered in the mesangium after ad-
ministration to animals (Michael, Fish and
Good, 1967; Farquhar and Palade, 1962;
Latta and Maunsbach, 1962; Menefee
et al., 1964; Mauer et al., 1972, 1974;
Elema, Hoyer and Vernier, 1976; Michael
et al., 1979). The relationship of this func-
tion to that of the reticuloendothelial
system (RES) remains poorly defined.
After the injection of aggregated human
IgG (AggIgG) into mice pre-treated with
endotoxin, lowered circulating levels of
AggIgG were associated with increased
uptake by liver and spleen but not by
kidney cortex; an increase in mesangial
uptake was observed by immunofluores-
cence microscopy only at 1 h but not at
later times (Shvil, Michael and Mauer,
1980). The present study was designed to
explore this relationship further by exam-
ining the effect of hydrocortisone on tissue
and mesangial uptake by AggIgG in mice.

MATERIALS AND METHODS
Forty-nine Swiss Webster randomly bred

male mice weighing 20-23 g (Bio-Labs., St Paul,

MN) were injected s.c. with 25 mg hydrocorti-
sone acetate (HC; Merck, Sharp and Dohme,
West Point, PA). Forty-eight control mice (C)
were injected with 0-5 ml of 0-15M NaCl.
Seventy-two hours after the administration of
the HC or saline, the C and HC mice were
injected i.v. with aggregated human IgG 125I
(AggIgG); either with a "low" dose-1-5 mg/
10 g body wt [HC (1-5) or C (1-5)], or with a
"high" dose-3-5 mg/10 g body wt [HC (3.5)
or C (3-5)]. The preparation of the AggIgG is
described in detail in the companion paper
(Shvil, Michael and Mauer, 1980).

Control and HC injected mice were killed
under ether anaesthesia in groups of 6-10
animals at 1, 4 and 24 h after administration of
AggIgG. Blood samples were obtained and the
mice perfused with 0-15M NaCl; the liver, kid-
neys, spleen and lungs were removed and pre-
pared for 125I counting and immunofluorescence
microscopy as described in the preceding paper
(Shvil et al., 1980). The wet weights of the un-
perfused liver, spleen, lungs and kidneys were
determined 1, 4 and 24 h after the administra-
tion of either dose of AggIgG.

Because the preparation of AggIgG contained
7S IgG, the relative proportions of 7S IgG and
> 7SA ggIgG were determined in separate experi-
ments by linear sucrose (10-50%) gradient
centrifugation (Shvil et al., 1980). Sera of control
and HC mice were analysed after the adminis-
tration of low and high doses of AggIgG.
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RESULTS

The blood levels of AggIgG in HC (1.5)
and HC (3.5) mice were significantly
higher than values obtained from C (1.5)
and C (3.5) mice 1 and 4 h after adminis-
tration of AggIgG (Table I). At 1 h, the
level in HC (1.5) was higher than that ob-
served in C (3.5), even though more than
twice the amount of AggIgG had been
administered to the latter group. This
effect was amplified at 4 h when the blood
level in the HC (3.5) group was 20-100

A

i~;

1't

times higher than those observed in the
other 3 groups at this time. By 24 h, the
concentration in the blood had decreased
to 0-3-1.0% of the 1 h level in all 4 groups.
In contrast, the levels of 7S IgG at 24 h
had decreased to 25-50% of the 1 h level.
Although the concentration of 7S IgG at
1 and 4 h was higher in HC (1.5) than C
(1.5), a similar difference was not observed
between HC (3.5) and C (3.5).
A slight though significant increase in

concentration ofAggIgG/mg dry weight of
liver was observed at 1, 4 and 24 h in HC
(1.5) when compared with C (1.5); similar
differences were observed only at 24 h
in HC (3V5). HC induced an increase in
the weight (mean + s.d.) of the unperfused
liver (HC= 1.35+0 26 g; C= 1 06+0 15 g;
P < 0*00001). However, when AggIgG was
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FIG. 1.-Plots of AggIgG concentration
(mean + s.d.) v8 time for liver after admin-
istration of AggIgG in a dose of 1-5 mg/
lOg (A) or 3-5mg/lOg (B); for spleen (C)
and renal cortex (D) after administration of
AggIgG in a dose of 3-5 mg/1 g. The
differences between hydrocortisone (0)
and control (0) mice are indicated as
significant (S) (P< 0 05) or non-significant
(NS).
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FIG. 2.-Plots of organ ratios of AggIgG
concentrations (,ug/mg for kidney and
liver and ,ug/organ for spleen) against
time in control (3-5) and hydrocortisone
(3 5) mice (A) kidney:spleen; (B) kidney:
liver; (C) spleen:liver. The differences
between hydrocortisone and control mice
are indicated as significant (S) (P < 0 05) is
non-significant (NS).
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FIG. 3. Immunofluorescence microscopy of mouse kidneys demonstrating the presence of AggIgG
primarily within the mesangium. (a). Control (C) mice given 1-5 mg of AggIgG per 10 g body wt
and killed 1 h later [C (1-5)-i h]; (b). C (1-5) at 4 h; (c). HC (1-5)-i h; (d). HC (1.5) 4 h;
(e). C (3.5)-i h; (f). HC (3 5) 4 h; (g). C (3.5)-4 h; (h). HC (3 5) 4 h. (Stained with FITC-
conjugated rabbit anti-human IgG; x 533.)

expressed as total liver concentration
([tg/AggIgG/ whole liver), the findings were
similar to those obtained on a unit weight
basis. Hydrocortisone induced a very sig-
nificant decrease in splenic wet weight
(mean + s.d.): (HC= 32 + 14 mg; C= 82 +
23; P < 0.0001) and dry weight (HC = 7-2 +
2-5; C 22-7 + 5-9; P < 0-00001). Because
of these changes, the data in Table 1 are
presented both as jug AggIgG/mg spleen
and ,tg AggIgG/whole spleen. There was a
significant decrease in the amount of
AggIgG/whole spleen at 1, 4 and 24 h in
HC (1.5) and HC (3.5), when compared

with respective controls. In contradistinc-
tion, the concentration of AggIgG per mg
of dried spleen is increased in HC, sig-
nificantly so at 1 h, a finding which prob-
ably reflects the striking decrease in
splenic weight in the HC mice. No sig-
nificant differences in AggIgG concentra-
tion were observed in lung of HC mice as
compared to control mice at any time
interval. Contrary to the findings in
spleen and lung, a significant increase in
the concentration of AggIgG in the kidney
cortex was observed at 1 and 4 h in HC
(1.5) and HC (3.5), and in addition at 24 h

33
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I

TABLE II.-Immunoftuorescence for mesangial deposition of human AggIgG at 1, 4 and
24 h after administration of 2 different doses to control and hydrocortisone mice

Mesangial immunofluorescence for human IgG (arbitrary score)
,~~-A-K

AggIgG (1-5 mg/10 g body wt)
I~ ~ ~ ~~-

AggIgG (3 5 mg/10 g body wt
r-< --

Control

N* Mean+s.d.
6 035 + 0-27
5 0-36+0 39
6 0-15 + 0-12

Hydrocortisonet
t

A-

N Mean + s.d. P
7 2-13 + 1-28 < 0 0075
7 1-73 + 0 54 < 0-0005
9 0-48+0-33 <0 05

Control

N Mean + s.d.
6 0-538 + 0-321
8 1-42+0-62
6 0 073 + 0-069

Hydrocortisone
r- A

N Mean+s.d. P
6 3-21+0-44 <10-7
7 2-62+0-68 <0 005
9 0-886 + 0-487 < 0-0025

* N-number of mice.
t Hydrocortisone was administered 72 h before AggIgG.

in HC (3.5). A comparison of time- AggIgG concentrations in kidney:spleen,
concentration plots for liver, spleen and kidney: liver and spleen: liver were evalua-
kidney illustrate the differences described ted at all 3 times (Fig. 2). The trend of the
above (Fig. 1). results of these ratios was similar in the
The effects of HC on the ratios of the HC (1.5) and HC (3.5) compared to C

Time
(h)

1
4

24

~~~~-- w---r------ --:
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groups and therefore only data from the
HC (3.5) and C (3.5) mice are presented.
The kidney: spleen ratios remained con-
stant in C mice at 1, 4 and 24 h. In con-
trast, HC produced a progressive increase
in this ratio between 1 and 24 h, which
probably reflects a relatively greater rate
of loss of AggIgG from the spleen. HC
induced a significant increase in the ratios
of AggIgG concentrations in kidney: liver
at 1 and 4 h when compared with C. This
ratio increased in HC and C animals
between 4 and 24 h, indicating a relatively
greater rate of loss of AggIgG from the
liver compared to the kidney in both
groups. The spleen liver ratios were sig-
nificantly decreased in HC compared to
C mice at all times. These ratios decreased
in both HC and C mice between 1 and 4 h.
However, between 4 and 24 h the spleen:
liver ratio increased markedly in C mice,
but did not change in the HC mice because
of a relatively diminished rate of AggIgG
loss from the liver of HC mice.

Immunofluorescence microscopy showed
increased mesangial localization of AggIgG
in the HC groups compared with their
respective controls at all times (Fig. 3,
Table II). HC (3.5) and C (3.5) had higher
mesangial scores than the respective
values in groups HC (1.5) and C (1.5) at
1 and 4 h.
The correlation coefficient (r), relating

AggIgG concentrations in renal cortex to
quantitative mesangial immunofluores-
cence for control mice (1.5 and 3.5), is
0 54 at 1 h (P<0.05) and 0 64 at 4 h
(P< 002); for HC mice (1.5 and 3.5) it is
085 at 1 h (P < 0.0002) and 067 at 4 h
(P < 0-01). Correlations performed for data
from the 24h period are not statistically
significant.

DISCUSSION

The relationship of reticuloendothelial
system (RES) function to the uptake and
processing of circulating macromolecules
by the mesangium is unclear. Earlier
work from our laboratory indicates a
parallelism in the kinetics of mesangial
and RES handling of AggIgG (Mauer et

al., 1972, 1974), although mesangial uptake
of AggIgG in one of these studies (Mauer
et al., 1974) appeared to depend, in part,
upon overloading of the RES.
The administration of hydrocortisone

(HC) resulted in elevated AggIgG blood
levels at 1 and 4 h in the high-dose HC
group and at all times in the low dose
group. Earlier experiments on blood
kinetics of soluble immune complexes in
mice treated with HC (Haakenstad, Case
and Mannik, 1975) were interpreted as
indicating that HC impaired the initial
rapid disappearance of complexes from
the circulation caused by increased vas-
cular permeability. Since AggIgG has
been shown to have many of the bio-
logical properties of antigen-antibody
complexes (Ishizaka et al., 1967), it might
be argued that the higher blood levels
in the HC mice are a consequence of
hydrocortisone inhibiting the increased
vascular permeability induced by AggIgG.
Although this thesis would be supported
by the increased levels of 7S IgG at 1 and
4 h in the HC (1-5) mice, no such increase
in 7S IgG was seen in the HC (3.5) animals.
For example, at 4 h the concentration of
AggIgG in the blood of HC (3.5) was 20-
fold that of C, whereas the concentration
of 7S IgG was not different. Thus, the
effect of HC on AggIgG blood levels can-
not be fully explained by the action of
HC on decreasing vascular permeability.
In the studies of Haakenstad, Case and
Mannik (1975), splenic uptake of immune
complexes was not different when HC
and control mice were compared, whereas
in our studies decreased AggIgG uptake
was demonstrated in the spleens of HC
mice. These differences may be method-
ological and could be related to our
measurement of protein-bound 1251 in
tissues rather than total radioactivity.
However, the decreased macromolecular
uptake by the whole spleen in HC animals
may reflect effects on other RES tissues
and, hence, contribute to the elevated
AggIgG blood levels. In addition, seques-
tration of antigen-antibody complexes
and AggIgG in vessels and non-RES sites
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may be altered by corticosteroid treat-
ment, a circumstance not evaluated in the
present or prior investigations (Haaken-
stad et al., 1975). HC may influence RES
organs in different ways. For example, in
HC mice comparison of organ concentra-
tions shows significant deviations: liver
uptake was unchanged or increased, whole
spleen uptake was diminished and lung
uptake was unchanged. In addition, the
influence of HC on spleen compared with
liver demonstrates a decreased AggIgG
ratio (spleen: liver), reflecting a lower rate
of loss from the liver in the 24h period
after administration of AggIgG.

Is the heightened mesangial uptake of
AggIgG a consequence of an increase in
the blood level of AggIgG, or the direct
action of HC upon mesangial traffic of
macromolecules or renal haemodynamics?
Previous studies from our laboratory have
demonstrated increased AggIgG or col-
loidal carbon uptake by the mesangium in
the proteinuric kidneys of rats with
unilateral amino-nucleoside nephrosis or
anti-GBM nephritis where blood levels
of AggIgG delivered to both kidneys were
identical (Hoyer, Mauer and Michael,
1975). The reason for the increased uptake
in both of these experimental models has
not been defined. That the amount of
AggIgG administered, or the circulating
blood level, is of importance has been
shown in previous experiments (Michael
et al., 1967); (Mauer et al., 1972, 1974),
demonstrating a direct relationship be-
tween the dose of AggIgG administered,
the blood levels achieved and the quantity
of AggIgG localizing in the mesangium.
Thus, in the present study it is not possible
to separate the effects of increased blood
level of the macromolecule from a direct
effect ofHC on glomerular haemodynamics
or mesangial traffic.
Haakenstad and Mannik (1976) com-

pared the disappearance kinetics of soluble
immune complexes prepared with reduced
and alkylated antibodies (AgAb-red and
-alk) with those of intact antibodies
(AgAb) in mice. These AgAb-red and
-alk complexes fixed guinea-pig comple-

ment inefficiently and had decreased in
vitro macrophage adherences compared
with AgAb (Mannik et al., 1971; Arend
and Mannik, 1972). In rabbits, the blood
disappearance kinetics of AgAb-red and
-alk and AgAb were not dependent upon
an intact complement system (Arend and
Mannik, 1971), a finding confirmed by
kinetic studies using AggIgG in rats
(Mauer et al., 1974). In mice, AgAb-red
and -alk persisted longer in the circulation
and were associated with decreased hepatic
and increased mesangial uptake when
compared with intact AgAb (Haakenstad,
Striker and Mannik, 1976). Although these
authors concluded that the increased
mesangial uptake of AgAb-red and -alk
could be explained by increased blood
levels, increased splenic localization was
observed which was thought to be due to
nonspecific trapping or deposition. How-
ever, one cannot exclude the possibility
that the increased splenic and mesangial
levels in these studies reflect, at least in
part, specific uptake of AgAb-red and -alk
by the spleen and mesangium.

In our present studies the higher kidney:
liver ratios of HC (3.5) mice at 1 and 4 h
reflect increased kidney levels at these
times. The rising kidney: spleen ratios in
HC mice, in contrast to unchanging ratios
in C mice, result from more rapid dis-
appearance of AggIgG from the spleen
and a slower disappearance rate from the
kidney of HC mice. These ratios further
emphasize the differential effects of HC
on uptake and removal rates of macro-
molecules by different organs.
Although the elevated levels of AggIgG

in kidney tissue of HC mice correlate
with the marked increase in mesangial
AggIgG in these animals, it is unlikely
that the tissue levels simply reflect in-
creased mesangial trapping. None the less,
since at 4 and 24 h staining for human
IgG in kidneys of HC and C mice was
confined exclusively to the mesangium,
it is likely that the elevated tissue levels
reflect in part the increased quantities of
AggIgG seen in the mesangium.

Despite the complexities of the results
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from these experiments, certain conclu-
sions can be reached. It is clear that the
reticuloendothelial system cannot be con-
sidered uniform in its component responses
to hydrocortisone and endotoxin. Anti-
inflammatory steroids have been shown to
inhibit a number of specific macrophage
functions: Prostaglandin synthesis (Hong
and Levine, 1976); plasminogen activator
induction and synthesis (Hamilton, Vas-
salli and Reich, 1976; Vassalli, Hamilton
and Reich, 1976); migration of activated
cells (Thompson and van Furth, 1970);
LPS or PPD activation of colony-stimu-
lating factor, latex phagocytosis, and
antibody-dependent lysis (Ralph et al.,
1978). However, other functions in macro-
phage cell lines are not inhibited, including
antibody-dependent phagocytosis and
lysis of sheep erythrocytes and tumour
targets; and latex bead phagocytosis
(Ralph et al., 1978). Experimental manipu-
lations which influence the RES have been
suggested to have an inverse effect upon
mesangial uptake ofmacromolecules (Ford,
1975). In the present studies, the increase
in mesangial sequestration induced by HC
may be a consequence of higher circulating
levels of AggIgG and/or an effect on
glomerular haemodynamics and mesangial
traffic. In studies of immune-complex
trapping by the kidney, the blood level
would appear to be a more important
determinant than delivery rate, hydro-
static pressure, or ultrafiltration rate
(Hebert, Allhuser and Koetke, 1978).
However, at this time it is not possible to
determine whether the experimental mani-
pulations described in this paper influence
mesangial function directly or indirectly.
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