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A Decrease in Cell-Mediated Immunity in Uremia
Associated With an Increase in Activity of
Suppressor Cells

Jana Raskova, MD, and Ashton B. Morrison, MD, PhD

The graft-versus-host (GVH) reactivity of uremic and control spleen cells was studied
by popliteal lymph node assay in the rat. The reaction evoked by cells from animals
with severe uremia was conspicuously weaker than that evoked by control cells. The
magnitude of the GVH reaction induced by control cells was directly proportional to
dose, while with the uremic cells the same increases in dose led only to insignificant
increases in the strength of the GVH reaction. When mixtures of syngeneic control and
uremic cells were used, the GVH reactivity of the control cells was suppressed. The
activity of uremic spleen cells can be enhanced (restored) by removal of the sub-
population of cells adherent to glass wool. The GVH reaction induced by uremic cells
so treated became directly proportional to dose. The removal of the adherent cell
population from the uremic spleen cell suspension also led to the disappearance of the
suppressor effect in mixtures of control and uremic cells. These results indicate that a
decrease in GVH activity of rat uremic spleen cells is due to an increase in suppressor
cell activity in the uremic spleen cell population. (Am J Pathol 84:1-10, 1976)

CELL-MEDIATED IMMUNE REACTIONS in severe uremia have been
reported as universally depressed.! Skin homograft survival was signifi-
cantly prolonged in uremic patients? or in animals with experimentally
produced chronic renal failure.® Delaved hypersensitivity reactions were
diminished in uremia * as was the in vico reactivity of uremic lvmphocytes
in the normal lymphocyte transfer reaction.®® Similarly, the in vitro
reactivity of uremic lvmphocytes in the mixed lvmphocyte reaction ” and
after phytohemagglutinin (PHA) stimulation ®® was reduced. Recent
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studies in patients with well-compensated uremia have shown, however,
that most cell-mediated reactions, except PHA responsiveness, appeared
to be normal.*®

Although uremia has been called “nature’s immunosuppressive de-
vice, ™ it should be noted that the depression of humoral responses in
uremic states is much less pronounced than that of cell-mediated reac-
tions. No effects have been reported on the responses to diphtheria ' and
tetanus ** toxoids and to endotoxin.** The response of uremic rats to sheep
red blood cells, an antigen strongly dependent on helper T-cell function,
however, is reduced.?

The mechanism of this reduction of some immune reactions, and not
others. by severe uremia is not well understood. The simplest explanation
would be that there exists a selective reduction of a T-cell population. This
idea is not supported by quantitative studies which, indeed, indicate that
there is a disparity between the reduction of the response and the rela-
tively unaffected number of T cells in uremia.'* With the discovery of a
regulatory role of suppressor cells in immune reactions, the possibility
exists that uremia leads to an increase in suppressor activity of certain cell
subpopulations, resulting in depressed cell-mediated reactions. We de-
cided to examine this possibility using controlled conditions such as those
offered by the experimental model of the graft-versus-host reaction.

In this communication we demonstrate that splenic cells from rats with
experimentally induced chronic renal insufficiency show a reduced ability
to evoke the localized GVH reaction in nonuremic hosts and that this
reduction is caused by an increase in suppressor activity of cells in the
uremic spleen.

Materials and Methods

Inbred adult male Lewis (L) and (Lewis X Brown-Norwayv) F; hvbrid rats (LBN ) were
obtained from Microbiological Associates. Walkersville. Md.

Chronic renal insufficiency was induced in Lewis male rats by partial (5 6) nephrectomy
as described previously.*** Control animals were subjected to a sham operation (stripping
of the kidney capsule). The development of uremia was monitored by the determination of
blood urea nitrogen (BUN ) levels.

The graft-versus-host reaction was measured by the popliteal lvmph node assav
method.*? Spleen cell suspensions from control and uremic Lewis rats were prepared under
sterile conditions in saline. Cell viability was determined by a tryvpan blue dve exclusion
test. The required number of viable cells was injected in a constant volume (0.5 ml) into
the left footpad of the LBN recipient. The same volume of saline was injected into the
right footpad. Seven days after injection. the popliteal lymph nodes were dissected and
weighed to an accuracy of 0.1 mg. In each experiment. the control and uremic animals
used as donors of spleen cells were of the same age.

The nonadherent spleen cell population was prepared according to the method of Folch
and Waksman'® A total number of 7 X 10° spleen cells suspended in 7 ml of Eagle's
minimum essential medium supplemented with 10% of heat-inactivated fetal calf serum
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was placed on a column containing 1 g of packed glass wool (Owens-Corning Fiberglass
Corp.. Corning, N. Y.). The column was incubated for 30 minutes at 37 C and then flushed
with 30 ml of the same medium. The filtered suspension was then washed with saline and
adjusted to the required cell density. The control cells were incubated for the same time in
the same medium and washed with saline.

To determine the viability of spleen cells in tissue culture. aliquots of the spleen cell
suspension were adjusted to a density of 10° cells ml in Eagle’s minimum essential
medium supplemented with 20% of heat-inactivated fetal calf serum in capped tubes. and
incubated at 37 C in an atmosphere of 5% CO;. At varving times the viability of cells was
estimated by trypan blue dye exclusion.

Results
Comparison of GVH Reaction Induced by Control and Uremic Cells

The results shown in Table 1 indicate that when 4 X 107 viable spleen
cells from control (sham-operated) Lewis rats were injected into LBN rats,
the weight ratio of experimental and control lymph nodes was increased to
15.32. The same number of spleen cells from uremic rats caused a much
lower increase (6.71). The difference in the strength of the GVH reaction
induced by control and uremic cells was statistically highly significant (P
< 0.02) in six different experiments. When BUN levels of the donors of
uremic cells were lower than 50 mg%, the difference in the strength of the
GVH reaction by control and uremic cells disappeared. The lower GVH
reactivity of uremic spleen cells as compared to normal spleen cells is not
due to the decreased viability of the uremic cell population. The percent-
ages of nonviable cells detected in both uremic and nonuremic spleen cell
populations are comparable and initiallv never exceed 10% of cells. When
survival of the uremic and control cell populations was compared in tissue
culture (Text-figure 1), no differences between the two cell populations
were observed in the proportion of nonviable cells through 72 hours of
incubation.

Reduced GVH Reactivity of Uremic Spleen Cells Is Due to a Suppressor Cell Effect

The results shown in Table 2 indicate that the magnitude of the local
GVH reaction is dose dependent, but the relation of the increase in the

Table 1—Local Graft-Versus-Host Reaction by Control and Uremic Cells: Weight of Popliteal
Lymph Nodes (mean = SE)

Control cells Saline Uremic cells Saline
745 +6.4 4.8 +0.57 32.2 £6.5 48 +0.3

4 X 10" Lewis spleen cells were injected into the left footpad of LBN rats in 0.5 mi of
saline; 0.5 mi of saline was injected into the right footpad. The results represent means of
six separate experiments involving 3 animals each. The difference between the reactions
induced by control and uremic cells is highly statistically significant (P < 0.02).
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weight of the popliteal lymph node to the dose of injected cells depends
on whether control or uremic cells are used. Injection of 2 X 107 control
spleen cells resulted in an increase in weight of the regional lvmph node to
33.6 + 9.6 mg. When the dose of injected parental cells was doubled to 4
X 107, the weight increased to 58.2 + 8.3. A second doubling of the
inoculum dose resulted in a twofold further increase in weight of the
regional node to 117 £ 9.7 mg. With the uremic cells the magnitude of
reaction was different: the dose of 2 X 10" uremic cells caused the node
weight to increase to 28.8 + 5.6 mg. Doubling of the dose to 4 X 107 cells

Table 2—Dose Dependence of Local Graft-Versus-Host Reaction by Control and Uremic
Spleen Cells

Weight of left popliteal ymph nodes (mean + SE)

Cell dose Control cells Uremic cells
2x10" 33.6 + 9.6 mg 28.8 + 5.6 mg
4 X107 58.2 +8.3mg 32.0 +4.7mg
8 X 107 117.0 £ 9.7mg 36.0 £ 8.4mg

The data represent means of results of two experiments each with a minimum of five
recipients per group; uremic animals had BUN levels greater than 100 mg%. The weight of
the right popliteal nodes did not exceed 6.1 mg.
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resulted in an increase only to 32.0 £ 4.7 mg. Further doubling of the
uremic cells led to an insignificant additional increase in popliteal lvmph
node weight to only 36.0 £ 8.4 mg. The dose-response relationship
observed with uremic cells can be explained by the suppressor effect
present in this cell population. To further explore this possibility, mixtures
of parental control and uremic cells were injected into F, hybrid recipi-
ents. The results in Text-figure 2 indicate that the GVH reaction induced
by injection of 2 X 107 control and 2 X 10" uremic cells is lower than that
induced by 2 X 107 control spleen cells. A similar observation was made
when a mixture of 4 X 107 control and 4 X 107 uremic cells was used. The
difference between the GVH reaction induced by 4 X 107 control cells and
by a mixture of 4 X 107 control and 4 X 107 uremic cells is statistically
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significant (P < 0.05). As the control and uremic cells are svngeneic and
therefore do no react one against another, the most likely explanation of
the nonadditive activity of the mixtures of uremic and control spleen cells
in the GVH reaction can be an increased suppressor effect in the uremic
cell population. Accordingly, an experiment to remove suppressor cells
was performed.

Increase of GVH Reactivity of Uremic Spleen Cells on Removal of an Adherent Cell Population

The suppressor cells from the rat spleen cell population can be removed
by adherence to glass wool.”® If our assumption that the reduced GVH
reactivity of uremic spleen cells is mediated by increased suppressor cell
activity is correct, then the removal of that cell population should lead to
enhancement of GVH reactivity of the uremic spleen cells. Filtration of
both control and uremic spleen cells through a glass-wool column leads to
removal of 30 to 40% of the cells. When such a filtered uremic spleen cell
suspension is injected into footpads of F, hybrid recipients, a marked
increase in the magnitude of the GVH reaction is observed (Table 3). The
GVH reaction induced by filtered uremic spleen cells was stronger than
that evoked by nonfiltered control spleen cells. There was a striking
difference in the response in terms of the popliteal lymph node weight to
doubling and redoubling of the dose of uremic spleen cells, depending on
whether unfiltered or filtered cells were used. There was little increased
response on doubling the dose in the former case, and a marked response
on doubling the dose in the latter. The difference in magnitude of the
reaction produced by filtered and nonfiltered uremic spleen cells with
doses of 4 X 10" and 8 X 107 cells is statistically highly significant (P <
0.01). Removal of the adherent cells from the control spleen cell popu-
lation also increases the intensity of the GVH reaction, but this increase is
lower than that obtained with uremic cells.

Table 3—Effects of Removal of Glass-Adherent Subpopulation of Spleen Cells on Graft-
Versus-Host Reaction

Weight of left popliteal lymph node (mean + SE)

Control celis Uremic cells
Cell Untreated Filtered Increase  Untreated Filtered Increase
dose (mg) (mg) (%) (mg) (mg) (%)
2x10 339+ 2.1 420 +63 239 259 + 3.1 33.0+4.8 27.4

4 X107 742+58 84.2 + 121 13.5 31.2+93 83.4+£9.6 167.3
8x10" 1368+ 144 172.1+83 25.8 343171 155.8 + 18.3  354.2

The data represent means of two experiments each with a minimum of 5 recipients per
group. Uremic donors had BUN levels greater than 90 mg%. The weights of the right
popliteal nodes did not exceed 6.9 mg.
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When a filtered uremic spleen cell population is injected admixed with
a spleen cell population from control rats, the resulting GVH reaction is
greatly increased; while injection of a mixture of 2 X 107 control cells and
2 X 10" uremic cells caused only a 6.1-fold increase in the weight of the
popliteal lymph node, the injection of a mixture of the same number of
nonadherent uremic cells and control cells increased the ratio 13.2 times
(Table 4). A mixture of 4 X 10" control and 4 X 10" uremic cells caused
only an eightfold increase in the regional lymph node weight while a
mixture of the same number of control and filtered uremic cells caused a
17-fold weight increase. The differences in the strength of the GVH
reaction induced by the mixtures of control and uremic and that of control
and uremic filtered cells are highly statistically significant (P < 0.02). The
experiments summarized in Tables 3 and 4 indicate that the GVH activity
of uremic spleen cells can be markedly enhanced (restored) by removal of
the subpopulation of cells that adhere to glass wool and that the suppres-
sive effect of uremic cells on the GVH activity of control cells is removed

by this procedure.
Di .

This study demonstrates that the localized GVH reaction induced in the
nonuremic host by uremic spleen cells is unusually weak. This reduction
in magnitude of the response is not likely to be attributable to reduced
viability of the uremic spleen cell population. The dose-response relation-
ship of the GVH reaction evoked by uremic cells is best explained by a
suppressor cell effect present in the uremic spleen cell population. This
interpretation is further strengthened by results obtained with the mix-
tures of syngeneic control and uremic cells. The effects of the two kinds of
cells in these mixtures are not only nonadditive, but the reaction by
control cells is suppressed in mixtures with uremic cells. That suppressor
cells can affect the GVH reaction was previously demonstrated,” and in
mice it was shown that spleen-localizing thymocytes were responsible.?

Table 4—Disappearance of Suppressor Activity of Uremic Cells by Removal of Subpopulation
of Adherent Cells

Weight of left popliteal ymph node

Cell inoculum (mean + SE)
2 X 107 control plus 2 X 10" uremic 342+ 53mg
2 X 107 control plus 2 X 10" filtered uremic 82.3+14.6 mg
4 X 107 control plus 4 X 10" uremic 480+ 7.1mg
4 X 10’ control plus 4 X 10’ filtered uremic 109.3 + 19.3mg

Uremic cells were obtained from donors with BUN levels greater than 90 mg%. A minimum
of five recipients was in each group. The weight of the right popliteal nodes did not exceed
6.5 mg.
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We demonstrate that the GVH reactivity of uremic spleen cells can be
restored by removal of the subpopulation of cells adherent to glass wool.
The number of cells removed by this procedure from both control and
uremic cell populations is comparable, but the effects in each case are
strikingly different. An explanation of the observed differences in reaction
induced by nonfiltered and filtered uremic spleen cell populations by
simple enrichment is unlikely. Moreover, enrichment cannot explain the
results with the mixtures of control and uremic cells.

The observation of the absence of the suppressor effect following re-
moval of the subpopulation of spleen cells adherent to glass wool is in
good agreement with results previously established by other authors,
indicating that the subpopulation of spleen cells adherent to glass wool is
effective in the suppression of the mixed lymphocyte reaction.!

This population also seems to regulate the in vitro response to stimu-
lation with phytohemagglutinin or concanavalin.’® It is therefore an at-
tractive possibility to propose that the suppressor cell mechanism respon-
sible for reduction of the GVH reactivity of uremic spleen cells might also
be involved in the low response of uremic lvmphocytes to lectins in our
experimental model.® Direct evidence for this point has to be provided, as
it appears that the T-cell subpopulations responding, respectively, to
stimulation by phytohemagglutinin and those responsible for the GVH
reaction may be different.?

Suppressor cell activity in the rat spleen increases following adult
thymectomy.* It fits the results reported in this communication well
because uremia in our model leads to a marked decrease in thymus weight

A A TeEXT-FIGURE 3—Decrease
of thymus weight with
increasing severity of uremia.
The animals were sacrificed
by  exsanguination: the
A thymuses were dissected,
N "y and weighed. (Control cells.
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(Text-figure 3); moreover, the thvmus parenchyvma in uremic rats is
mostly replaced by connective tissue.

The results reported in this paper indicate that chronic renal in-
sufficiency induced in rats leads directly or indirectly to disruption of the
delicate balance of different cell subpopulations, to an increase in suppres-
sor cell activity, and to a resulting decrease in graft-versus-host reactivity
of uremic spleen cells.
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