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Experimental Autologous Immune Deposit Nephritis in Rats Associated with Mercuric Chloride
Administration*

Joan KeLcHNER!?, J. RENEE MclInTosH, E. BOEDECKER, S. GUGGENHEIM and R. M. MclINTosg?2:3

Departments of Pediatrics (Nephrology), Medicine (Nephvology and Clinical Immunology) and Pathology, University of
Colorado Medical Center, 4200 East Ninth Avenue, Box C 233, Denver (Colorado 80220, USA), 2 February 1976.

Summary. Serial administration of mercuric chloride to rats was followed by development of antibodies to tubular
basement membrane and renal tubular epithelial antigen (RTE) and glomerulonephritis characterized by granular
deposits of host IgG, C; and RTE along the glomerular capillary walls. The glomerular fixed antibody was directed
against RTE. These studies suggest that tubular injury by mercury may lead to release of RTE and autosensitization
and subsequent antibody production to this antigen result in formation of and glomerular deposition of circulating

immunopathogenic complexes (RTE-anti-RTE) and glomerular morphologic alterations.

Exposure to heavy metals is known to be associated
with renal damage in both man and experimental animals.
Many of these agents cause tubular injury, however,
glomerular alterations have also been observed with
heavy metal exposure. Recently an immune deposit ne-
phritis has been described in rats following intramuscular
administration of mercury salts%. Antigenic components
present in renal tubules have been implicated in immune
complex glomerulonephritis and tubulointerstitial ne-
phritis in man and experimental animals®-2!. Since mer-
cury is a tubular toxin it is possible that one or several of
these antigens may be of immunopathogenic significance
in the immune mediated glomerular disease associated
with this compound. The present study was designed to
elucidate immunopathogenic mechanisms in mercurial
nephritis in rats.

Materials and methods. 35 male Lewisratsof approximate-
ly 375 g body weight were used in these studies. 20 animals
(Group I) received s.c. injections of mercuric chloride
(HgCl,) 0.15 to 0.3 mg per 100 g of body weight 3 times
weekly for approximately 7 weeks. The other 15 animals
were used as controls (Group II) and received im. in-
jections of saline in a volume equal to that of the mercury
treated group. All animals were placed in metabolic cages,
and fed on Purina rat chow and water ad libitum.

Prior to the onset of the study, and weekly thereafter,
24 h urine collections were obtained on all animals. Urine
volume was recorded and urinary excretion of protein,
sodium, potassium, chloride, calcium and phosphorus
quantitated. Urine osmolality was measured and qualita-
tive blood, proteine and glucose determined on random
urine samples using Hemacombistix (Ames Labs.). The
dosage of mercuric chloride was varied in relationship to
the severity of the tubular disease as evidenced by gly-
cosuria, phosphaturia, polyuria and urinary excretion of
sodium, potassium and chloride. In animals showing
severe tubular damage, the lower dosage was used, where-
as those showing mild or no tubular functional impair-
ment, received the higher dosage. Thus, each injection
varied in relationship to the laboratory parameters. Serum
was obtained prior to beginning the study and at the time
of sacrifice. Sodium, potassium, chloride, calcium and
phosphorus were measured. Serum levels of IgG were
quantitated by radial immunodiffusion. Serum total
hemolytic complement was determined by hemolytic
assay and C, was quantitated by radial immunodiffusion.

Globulins isolated from the serum of each animal were
conjugated with Fluorescein isothiocyanate (FITC). FITC
conjugated globulins were used to stain 4 gm sections of
normal human, Brown Norway (BN), and Lewis rat kid-
neys. Antibody to renal proximal tubular epithelial anti-
gen (RTE) and renal tubular basement membrane (TBM)
was measured in the serum by ouchterlony immunodif-
fusion in agar gel complement fixation and agglutina-

tion20:22-25, RTE 5 was prepared by the method of
Grassock and EpciNgToN®7. TBM was prepared ac-
cording to the method of Mamiru2s. These procedures
have been described by us in earlier communications2?®, 22-25,

At the time of sacrifice, kidneys were removed and a
portion was placed in isopentane and snap frozen in liquid
nitrogen for immunohistologic studies. Another part of
the kidney was placed in Bouin’s solution and 3 pum par-
rafin sections stained with hematoxylin and eosin (H and
E) and periodic acid Schiff (PAS) and examined by light
microscopy. Immunohistologic studies were performed on
4 um cryostat frozen sections of renal tissue utilizing
monospecific FITC conjugated rabbit antisera to rat IgG,
Cs, fibrinogen and albumin. The preparation of antisera
and immunohistologic methods have been detailed pre-
viously?5. In addition, immunohistologic studies were

Fig. 1. Representative glomerulus from mercury treated animal
No. 345 showing increase in mesangial matrix mild hypercellularity
and basement membrane thickening (PAS).
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done using FITC conjugated rabbit antisera to rat renal
tubular epithelial antigen before and after pretreatment
of the slides with 0.01/ citrate buffer pH 3.2 and before
and after absorbtion with RTE and TBM. Antisera to
RTE was prepared by serial immunizations of rabbits
with this antigen. These methods have been detailed
previously 24 2%, 27,

The remainder of the kidneys were frozen in saline at
—~70°C for elution studies. Kidneys from animals showing
immune renal deposits were pooled. Glomeruli were iso-
lated and glomerular fixed antibody eluted as described
previously %> 24 25,27, The eluate was tested for the presence
of rat serum proteins by immunodiffusions and immuno-
electrophoresis. The eluate was also tested for anti-TBM
and anti-RTE antibody activity by double layer immuno-
fluorescence on normal BN and Lewis rat and normal
human kidneys and jejunal mucosa, using FITC rabbit
anti-rat immunoglobulins as the second layer 2. Control
slides were stained with normal rabbit serum and the
labeled antisera without eluate. In addition, eluates were
tested for antibody activity to these antigens by im-
munodiffusion complement fixation and agglutination.

Results. Animals in Group I received a total of 15 to
18 mg mercuric chloride (Mean =16.8 mg). All animals in
this group developed varying degrees of glycosuria and
phosphaturia during the course of the experiment. The
saline treated animals, Group II, showed no urinary ab-
normalities. Hematuria and mild proteinuria were de-
tected in 259, of the animals in Group I. Hematuria was
not found in any animals in Group II. Urine protein ex-
cretion, while not markedly elevated in the experimental
animals, was significantly higher than in controls. No

Fig. 2. Immunohistologic staining of renal tissue from the same
animal with FITC rabbit anti-rat IgG. Glomerular basement
membrane and mesangial as well as proximal tubular staining.
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differences were observed in serum IgG, C, or total hemo-
lytic complement levels between the mercury and saline
treated rats. Similarly no significant differences in serum
electrolytes were observed between the two groups.

FITC conjugated serum globulins obtained from all the
mercury treated animals at sacrifice, stained the tubules
but not the glomeruli of normal Lewis, BN and human
kidney. No glomerular staining was observed. The im-
munofluorescent staining was not greatly diminished by
absorption with either RTE or TBM, but was no longer
observed by absorption with a combination of both of
these antigens. No staining was detected using FITC
labelled globulins from control rats. Antibodies to both
RTE and TBM were demonstrated in the sera of the
animals in Group I while antibodies to these antigens
were not detected in sera of control animals.

* Supported by USPHS GRS No. 5501 RR 05357, USPHS No.
HD 04024 and Grants-in-Aid.
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Fig. 3. Staining of renal tissue with FITC rabbit antisera to RTH.
The immunofluorescent pattern in the glomeruli and tubules is
similar to that observed with antisera to IgG.

Table I. Morphologic studies on kidneys of mercury treated animals
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The results of light microscopic studies on mercury
treated animals are summarized in Table I. Hypercel-
lularity and increase in mesangial matrix were the most
prominent histologic alterations (Figure 1). Glomerular
basement membrane thickening was observed in only a
few animals and tubular alterations were not prominent.
No morphologic abnormalities were seen in the saline
treated group.

The results of immunohistologic studies on the mercury
treated animals are summarized in Table II. IgG and C,
were observed in a granular pattern along the glomerular
basement membranes and in the mesangium (Figure 2).
Tubular staining, when present, was seen only in proximal
tubules. RTE was detected in the glomeruli in the same
pattern as 1gG and C;. In addition, RTE was present on
all proximal tubules (Figure 3). Glomerular staining with
antisera to RTE was more prominent after pretreatment
of the slides with citrate buffer. Immunofluorescence was
no longer observed after absorption with RTE, but was
not affected by absorption with TBM. Albumin and fibrin-
ogen were not localized in the kidney of any animals. No
immunofluorescent deposits of IgG or C; were found in
any of the control animals. However rabbit antisera to
RTE stained proximal tubules but not glomeruli of
control animals. Glomerular eluates contained rat IgG.
No other serum proteins were detected in the eluates by
the methods used. Eluates stained proximal tubular brush
border but not glomeruli of normal human, Brown Nor-
way and Lewis rat kidney (Figure 4). Antibody activity,
in addition, eluates fixed to normal rat and human jejunal
mucosa. Antibody activity to RTE was present in the
glomerular eluate. However, no antibody to TBM was
detected by the methods employed in these studies.

Discussion. The effects of mercury on the kidney are
well recognized 22-34. Renal lesions include proximal tu-
bular and Fanconi syndrome due to mercurial diuretics,

No. Glomeruli Interstitium Vessels Tubules
Mesang Edema Fibro- Vascular
Cellt matrix?} GBM? Exudate Sclerosis inflam. sis Injury

284 24 1+ 0 G Y 0 0 0 1 4 tubular atrophy
tubular casts

310 1+ 1+ 0 0 0 0 0 0 0

311 1+ 14+ 0 0 0 0 0 0 0

323 0 0 0 0 0 0 0 0 0

324 0 0 0 0 0 0 0 0

325 24 14 0 1+ 0 0 0 0 0

327 Q 4] (] 0 0 0 0 0 0

328 0 0 o] 0 0 0 0 0 0

339 2 4 4 -+ 2+ 0 1+ 0 0 0 0

340 2+ 34 1+ 0 0 0 0 0 0

341 1+ 1+ 0 0 0 0 0 0 0

342 1+ 1+ 0 0 0 0 0 0 0

344 2+ 2+ 14 0 0 4 ¢ ¢ 0

345 2+ 2+ 1+ 0 0 0 0 0 0

346 2+ 3+ 0 1 0 0 0 0 0

347 2+ 1+ 1+ 0 0 0 0 0 focal tubular
necrosis

348 1+ 1+ 0 0 0 0 0 ] focal tubular
necrosis

349 1+ 1+ 0 0 14 1+ 0 0 0

350 1+ 2 4 0 0 0 0 o] 0 severe tubular
necrosis

353 3+ 2 4 1+ -+ 0 0 0 0 tubular casts

and atrophy

Graded by intensity 0—4 +.
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calomel and ammoniated mercury ointments; proliferative
glomerulonephritis due to mercurial teething powders,
ammoniated mercury and mercury paint additives; al-
buminuria and basement membrane thickening due to
inorganic or phenyl mercuries; and the nephrotic syn-
drome from seed disinfectant. The administration of mer-
curic chloride to rats and guinea-pigs has usually been
associated with tubular lesions?®-30, Recently immune
deposit diffuse membranous glomerulonephritis and seg-
mental and focal membranous glomerulonephritis has
been observed in rats receiving mercuric chloride*. How-
ever, the immunopathogenic events and the nature of the
antigen was not defined.

The demonstration of autologous immune complex
membranous nephropathy in rats with renal tubular
epithelial antigen®? and the demonstration of the im-
munopathogenic significance of this antigen in membra-
nous nephropathy® has stimulated investigations as to the
role of this antigen in human renal disease. We have de-
monstrated an immunopathogenic role for this antigen in
several histologic forms of glomerulonephritis associated
with diseases which affect renal tubules?®: 22 24,25 Several
recent publications have implicated tubular basement
membrane antigen in tubulointerstitial nephritis in ex-
perimental animals as well as in man®-18. Several of the
reports in man have been associated with drugs® 5. TBM
antigenappears toberelated to species as well as strainl8:17,
The demonstration that RTE cross reacts in man and rats
and the finding of immunoreactive RTE in only one other
anatomic site, the small bowel mucosa$ 7 in addition to
the observation in human studies of the presence of im-
munocrossreactive TBM in Brown Norway but not in
Lewis rats!?, has aided differentation between these two
tubular antigens.

28 H, U. ZOLLINGER, Schweiz Z. allg. Path. 78, 155 (1955).

29 T. L. GrrLrzkas and B. F. TrRump, Am. J. Path. 52, 1225 (1968).

30 G. Kazanrtzis, Trans. Soc. occup. Med. 20, 54 (1970).

31 G. Kazantzig, K. F. R. ScuiLier, A. W. AsscaEr and R. G.
Drew, Q. J1. Med. 37, 403 (1962).

Table II. Immunohistologic studies on kidneys of mercury treated rats
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Fig. 4. Staining of normal human kidney with IgG eluted from
diseased glomeruli from diseased mercury treated rats. Proximal
tubular staining is prominent. No staining is observed in glomeruli.

32 C. G. BECKER, E. L. BeckeR, J. F. MAHER and G. E. SCHREINER,
Arch. intern. Med. 770, 178 (1962).

33 D. S. SILVERBERG, J. T. McCarr and J. C. Hu~t, Arch. intern.
Med. 720, 581 (1967).

34 P, STRUNGE, J. occup. Med. 72, 178 (1970).
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Since several heavy metals, drugs and toxins, as well as
other factors, such as hemodynamic alterations, damage
the renal tubules it is attractive to speculate that such
injury may lead to release of one or more tubular antigens
resulting in antibody formation. Antibody may . induce
tubular damage resulting in tubulointerstitial disease or
form immune complexes with antigen in the circulation.
Deposition of antigen-antibody complexes may result in
an immune complex glomerulonephritis. The morphologic
and immunohistologic alterations apparently are related
to the nature of the tubular antigen or antigens involved.

In these studies, mercuric chloride administration was
assoclated with an immune complex nephritis apparently
secondary to deposition of RTE-anti-RTE immune com-
plexes. Although antibodies to TBM were detected in the
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serum of these animals, tubulointerstitial disease usually
associated with this antigen was not prominent and TBM
could not be implicated in the pathogenesis of the
glomerular lesions.

These studies support the hypothesis that tubular in-
jury induced by mercuric chloride may be followed by
release of renal proximal tubular antigen, subsequent for-
mation of antibody to this antigen, followed by formation
and glomerular deposition of immune complexes of RTE-
anti-RTE resulting in an autologous immune complex
glomerulonephritis. This etiopathogenic mechanism may
occur in man and may also be a factor in the development
of several cases of nephritis associated with agents which
produce tubular alterations. The significance of TBM in
this study is unclear.

Ultrastructural Identification of Human Tonsil T-Lymphocytes by Peroxidase-Conjugated Anti-

HTLA Serum?!

D. Scumirr?, J. BrRoCHIER?, J. P. REviLLARD® and J. THIVOLET %4

Labovatoive d’ Immunopathologie, Cliniqgue Dermatologique, Hopital E. Herriot, F—69374 Lyon Cédex 2 (France), and
Laboratoive d’ Immunologie, I.N.S.E.R.M. U 80 et Clinigue de Nephrologie, Hopital E. Hevviot, F-69374 Lyon Cédex 2
(France), 25 Februavy 1976.

Summary. A horse anti-serum rendered specific for human T-lymphocytes was conjugated with peroxidase and used
for ultrastructural identification of human tonsil T-lymhocytes. With T- and B-enriched suspensions, virtually all
T-lymphocytes were labelled with Po-anti-HTILA, whereas no B-cells were stained with this conjugate. The labelling
was found to be irregularly distributed on the plasma membrane of T-cells. Direct identification with specific Po-anti-

HTLA conjugate confirm the ultrastructural characteristics of thymus-dependant cells.

Human T-lymphocytes are often identified by the for-
mation of rosettes with sheep erythrocytes? (E), although
the mechanisms and specificity of the binding are still un-
clear. Demonstration of an antigen specific for the T-cell
lineage by using specific antisera ® provides a new approach
for enumeration and characterization of T-lymphocytes
in cell suspensions of various origins. We have prepared a
horse antiserum specific for human T-lymphocyte antigen
{HTLA). Criteria of specificity of this serum are described
in another publication?. We report here its use for ultra-
structural studies of T-lymphocytes after conjugation
with peroxidase.

Malterial and Methods. Lymphocyte suspensions: tonsils
freshly obtained from operation were teased with forceps
into Hanks, washed twice, centrifuged (20 min, 400 g,
4°C) on Ficoll-Isopaque (6.3%,—9.99%, final concentration;
density 1.080) and washed 3 times. T- and B-enriched
suspensions were prepared by centrifugation on Ficoll-
Isopaque after T-cells had been allowed to form E rosettes:
T-enriched cells were recovered at the bottom and used
after E lysis by NH,CL (0.879,, 10 min} and B-enriched
cells at the interface.

Anti-HTLA serum: anti-HTLA serum was prepared
from anti-human thymocyte globulins (Institut Mérieux,
Lyon) sequentially absorbed on AB red cells, polymerized
1g, placental tissue and lymphoblastoid cell lines?. Cyto-
toxicity tests were performed as previously described 8.

Peroxidase-labelling of anti-HTLA Ig: peroxidase-con-
jugated anti-HTLA (Po-anti-HTLA) Ig were prepared
according to AvrRaMEAs’ technique®. Lymphocytes were
fixed in 29, paraformaldehyde (20 min, 4°C), washed
with PBS and incubated with Po-anti-HTLA Ig for 3 h
at 37°C. After washing with PBS, cells were fixed again
with 2%, glutaraldehyde, washed with PBS and incubated
with Graham-Karnowsky medinm for 30 min at 37°C.

Cells were washed with #is-HCI buffer (0.2 M, pH 7.6),
post-fixed with OSO, 19, in cacodylate buffer, and in-
cluded in epoxy medium. Sections were observed un-
stained under the electron microscope (Philips EM 300).

Other techniques for T- and B-cell identification: T-
cells were also characterized by the E rosette test!® and
B-lymphocytes by the detection of membrane Ig (S Ig)
with a fluoresceinated anti-human Ig (Behring). In ad-
dition a B-lymphocyte and monocyte common antigen
(HBLMCA) was identified by mean of a rabbit antiserum
as previously described?. In electron microscopy studies,
B-cells were identified by reaction with peroxidase-con-
jugated Fab anti-human Ig (Institut Pasteur, Paris) ac-
cording to the technique described above.

Table I. Percent of T- and B-cells in tonsillar lymphocytes

Anti-HTLA Erosettes  Anti- Slg
HBLMCA
No. of donors 47 14 40 7
Cells + SE (%) 471417 428440 474418 40.74 54

Table II. Percent of T- and B-lymphocytes in purified suspensions

Anti- Po-anti-  Anti- Po-Fab

HTLA HTLA HBLMCA anti-lg
T-enriched (%) 91 96 4 5
B-enriched (%) 5 3 93 90




