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KIDNEY

Hypertension accelerates
the pace of chronic graft dysfunction

in the rat”

Abstract In this study we compared
the effects of hypertension on
chronic rejection in a rat model of
renal transplantation utilizing ge-
netically normotensive {BBOK) and
spontaneously hypertensive rats
(SHR). SHR received either a
BBOK (BBOK — SHR) or an SHR
(SHR — SHR) kidney: normoten-
sive isografts served as controls. Be-
fore transplantation, SHR recipients
were treated with hydralazine

{50 mg/kg per day). To prevent
acute rejection, an anti-CD4 anti-
body (3 mg/kg per day for 3 weeks)
in combination with cyclosporin A
(3 mg/kg per day for | week) was
given to all groups. Six weeks after
transplantation, blood pressure was
measured, and the kidneys removed
for histological and immunohisto-
logical analysis. SHR — SHR de-
veloped a significantly higher blood
pressure than BBOK — SHR.
Blood pressure in BBOK — BBOK

was significantly lower than in

the other two groups. The degree
of glomerulosclerosis was simi-
larly increased in allografted
(BBOK -» SHR) and SHR — SHR
kidneys as compared with the
BBOK - BBOK kidneys

(P < 0.05). Infiltration of ED-1*
monocyte/macrophages and OX19
pan-T-cells was most pronounced in
allografts (BBOK — SHR) and was
also increased in SHR — SHR as
compared with BBOK — BBOK.
Our results indicate that hyperten-
sion accelerates the morphological
and immunchistological changes
characteristic of grafts undergoing
chronic rejection. However, our
findings support the hypothesis that
alloantigen-dependentfactors are of
greater important.

Key words Kidney transplantation -
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Chronic rejection

Introduction

In recent years, chronic rejection has emerged as a
major cause of late graft loss following transplanta-
tion. Although chronic rejection has been traditional-
ly regarded as a repeated low-grade response to allo-
geneic tissue, recent evidence indicates that alloanti-
gen-independent factors may also confribute to its
pathogenesis [1-10]. Concerns over the inability of
immunological advances to improve long-term al-
lograft survival have focused attention on alloanti-
gen-independent factors, such as hypertension, and

its contribution to chronic renal allograft rejection
11, 12].

[ The role of hypertension in allograft failure is com-
plex and has been difficult to define {11]. The preva-
lence of post-transplant hypertension varies from 6%
to 80% [9, 13-16]. The presence of hypertension in the
post-transplant period portends a poorer outcome for
renal allografts, with a faster decline in creatinine clear-
ance and a greater likelihood of return to dialysis or of
death [11, 17, 18]. However, a beneficial impact of blood
pressure control and consequent prevention or delay of
renal allograft deterioration has been difficult to dem-
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onstrate. Recent evidence suggests, in analogy to native
kidney disease, that progressive allograft dysfunction
can be prevented by a reduction in blood pressure [19,
20].

The present study was designed to investigate the ef-
fects of hypertension on chronic renal graft rejection in
a rat model of renal transplantation.

Materials and methods

Animals

Experiments were performed with male normotensive (BBOK,
RT1*) and spontaneously hypertensive rats (SHR, RT1¥). BBOK
rats have a genetic predisposition to develop diabetes mellitus
type I [21]. In the colony from which the BBOK rats for the pre-
sent study were derived, the incidence of diabetes is about 40 %
and the age at onset of diabetes is about 15 to 20 weeks [22]. In
the present study, BBOK rats were transplanted at 8 weeks of age
when they were in a nondiabetic metabolic state and the trans-
plants were harvested 6 weeks thereafter, before any signs of dia-
betes-induced kidney disease became apparent.

Animals were obtained immediately after weaning from the rat
breeding facilities at the Ernst-Moritz-Arndt-University, Greifs-
wald, Germany. They were housed in standard plastic cages and
maintained in a temperature- and humidity-controlled environ-
ment. The animals had access to standard chow (Ssniff, Soest, Ger-
many) and tapwater ad libitum, except for the night before trans-
plantation, when food was withheld for 12 h. All experiments
were approved by a governmental committee on animal welfare.
Secondary structural fixation of hypertension in SHR recipients
and donors was prevented by antithypertensive treatment from
weaning until transplantation.

Surgery

Surgery for nephrectomy, renal transplantation and implantation
of femoral artery catheters was performed as previously described
[23. 24]. Briefly, both donor and recipient were anaesthetized with
ketamine (100 mg/kg body weight, i. p.; Ketamin 10 %, cp-Pharma,
Burgdorf, Germany), plus xylacine (10 mg/kg body weight, 1.p.;
Rompun. Bayer, Leverkusen, Germany), and simultaneously oper-
ated on by two investigators. During surgery, ketamine was supple-
mented as needed. The kidney. including the renal artery with a
short piece of aorta. the renal vein with a patch of vena cava and
the whole ureter were removed from the donor and immediately
transferred to the recipient, which at that time was ready to receive
the graft. An end-to-side anastomosis was performed between do-
nor and recipient aortas. Similarly, the renal vein was anastomosed
end-to-side to the recipient’s vena cava. The ureter was placed into
the bladder through a small incision in the apex of the bladder wall.
During surgery, the graft was wrapped in gauze and repeatedly
rinsed with ice-cold isotonic saline. Total ischaemic time was al-
ways less than 60 min.

Histology
Formalin-fixed sections were stained with haematoxylin/eosin for

routine histology and with periodic acid-Schiff to evaluate the ex-
tent of glomerulosclerosis, as defined by a collapse of capillaries,

adhesion of obsolescent segments of Bowman’s capsules, and the
entrapment of hyaline [25]. At least 100 glomeruli were counted
in each kidney, and the proportion of sclerosed to total glomeruli
expressed as a percentage.

Antibodies

Monoclonal antibodies against macrophages (ED1), CD5* T lym-
phocytes (OX19), fibronectin and laminin were purchased from
Serotec Camon Labor Service (Germany) and for secondary (rab-
bit antimouse) and tertiary {mouse alkaline phosphatase anti-alka-
line phosphatase, APAAP) staining from Dako, Denmark).

Immunohistology

Representative portions of kidney grafts were snap-frozen in liquid
nitrogen, cut (4 um), fixed in acetone, air dried, and stained with
appropriate antibodies (mouse antirat antibodies). After staining,
the sections were interacted with rabbit antimouse IgG by the AP-
AAP or peroxidase antiperoxidase (PAP) methods. Fibronectin
and laminin were quantified on a 0-4+ scale (0=one.
4 + = dense). Positive cell counts are expressed as the mean
(+ SEM) number of cells per field of view (cells/FV). More than
20 FV per section were evaluated per specimen at 400 x.

Blood pressure measurements

For direct measurements of arterial pressures, a femoral artery
catheter was connected to an Isotec pressure transducer and a lin-
ear recorder WR 3300 (both from Hugo Sachs Elektronik,
March-Hugstetten, Germany). Blood pressure signals were re-
corded continuously for 60 min or longer if stable values had not
been achieved during this time. During measurements, rats were
conscious, undisturbed and unrestrained in their standard cages.

Plasma urea and creatinine concentrations

Plasma urea and creatinine concentrations were determined pho-
tometrically with commercially available test kits (Harnstoff Lig-
uicolor and Kreatinin Liquicolor. respectively, both from Human,
Taunusstein, Germany).

Experimental protocol

At 4 weeks of age. animals were randomly assigned to three exper-
imental groups. Group I consisted of 11 SHR donors and 11 SHR
recipients (SHR — SHR), group II consisted of 15 BBOK donors
and 15 SHR recipients (BBOK — SHR}, and group I consisted
of 8 BBOK donors and 8 BBOK recipients (BBOK — BBOK).
Between 4 weeks of age and the time of renal transplantation,
SHR recipients and donors were treated with hydralazine (50 mg/
kg per day in the drinking fluid) to keep their blood pressure with-
in the normal range. This treatment was stopped on the day of re-
nal transplantation.

Renal transplantations were performed at 8 weeks of age. The
left native kidney of the recipient was removed immediately before
implantation of the renal graft. One week after transplantation, the
recipient was anaesthetized again and the right native kidney was
removed. After transplantation, all recipients received immuno-
suppressive treatment with anti-CD4 antibody and cyclosporine.
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Table 1 Blood pressure, glomerulosclerosis, lymphocyte and macrophage infiliration, and quantification of extracellular matrix deposi-
tion of fibronectin and laminin in transplanted kidneys (FV field of view)

Blood pressure (mm Hg) Glomerulo- Lymphocytes  Macrophages  Fibronectin Laminin
a1 0, : g 3 . 3 | —.

Systolic Diastolic sclerosis (%) (cells/FV) (cells/FV) (scale 0—4) (scale 0-4)
SHR — SHR 214+ 11* 155 + 6% 24+3 33+£5° 50 £ 5 2.7x0.2 22403
BBOK — SHR 184 £ 8* 129 £ 5* 27137 5S4+ 4% 101 £ 14% 35£0.2% 23102
BBOK — BBOK 12318 80+7 18+4 I1£6 24+8 27+£04 22+05

# P < (.05 vs SHR — SHR and BBOK — BBOK
+ P < 0.05vs BBOK - BBOK

Both agents were administrated intraperitoneally at a dose of 3 mg/
kg per day according to the following schedule: anti-CD43 antibody
was injected on days — 1.0, 1.2, 3,6, 11, 16 and 20. and cyclosporine
on days (=7 with day 0 being the day of renal transplantation [26].
A catheter was implanted into the right femoral artery 6 weeks
after renal transplantation. tunnelled under the skin and exterior-
ized at the scruff of the neck. The catheter was filled with isotonic
saline containing 20 [U/ml heparin. After placement of the cathe-
ter, animals were allowed to rest for 2 days before direct blood
pressure measurements were performed. After the blood pressure
measurement, recipients were sacrificed and the kidney grafts
were removed and processed for histology and immunohistology.

Statistics

Results are expressed as means = SEM. Data on blood pressure,
body weight, plasma urea, creatinine and immunohistology were
analysed by one-way analysis of variance followed by the New-
man-Keuls’ post-hoc test where appropriate. Data on glomerulo-
sclerosis were analyzed by Kruskal-Wallis one-way analysis on
ranks. Statistical significance was accepted at P < 0.05.

Results
Blood pressure and body weight

By 6 weeks after transplantation and the ending of anti-
hypertensive treatment, SHR recipients of an SHR kid-
ney (SHR — SHR) and a BBOK kidney (BBOK —
SHR). respectively, had developed hypertension (Ta-
ble 1). However, SHR recipients of a BBOK kidney
(BBOK — SHR) had about a 30 mm Hg lower systolic
(P < 0.05) and about a 25 mm Hg lower diastolic blood
pressure (P <0.05) than SHR with an SHR kidney
(SHR — SHR). BBOK recipients of a BBOK kidney
(BBOK — BBOK) remained normotensive.

Body weight was lower in SHR recipients of a BBOK
kidney (BBOK — SHR) than in the other two groups
(P < 0.05).

Histology

To determine the long-term effects of alloantigen-medi-
ated graft rejection, we evaluated the histology of har-

vested kidneys. Whether or not acute rejection oc-
curred, the damage observed was compatible with the
picture of chronic rejection. The most prominent sjign
of chronic rejection in rats is glomerulosclerosis. There-
fore, we analysed the kidneys for glomerulosclerosis.
Glomerulosclerosis was most apparent in BBOK kid-
neys that had been transplanted into SHR recipients
(BBOK - SHR) (27+£3%) and least frequent in
BBOK kidneys transplanted into BBOK recipients
(BBOK — BBOK) (18+4%): (P <0.05). However,
the difference between SHR — SHR (24 +3%) and
BBOK — SHR was not significant.

Immunohistology

In SHR rats with a BBOK kidney (BBOK — SHR), cel-
lular infiltration was significantly elevated (P < 0.05) as
compared with the other two groups (Table 1). Cellular
infiltration was most intense in interstitial areas, partic-
ularly around vessels and glomeruli. Fibronectin, as an
indicator of extracellular matrix production, was mark-
edly upregulated in BBOK — SHR, but there was no
significant difference between the other two groups (Ta-
ble 1). In contrast, there were no major differences in
the expression of laminin between the groups (Table 1).

Plasma urea and creatinine

Plasma urea and creatinine concentrations did not differ
significantly between the three groups.

Discussion

The increased glomerulosclerosis and cell infiltration in
BBOK kidneys that had been transplanted into SHR re-
cipients (BBOK — SHR) as compared to syngeneically
transplanted kidneys (SHR - SHR, BBOK — BBOK)
suggest that alloantigen-dependent factors dominate
over hypertension in the development of chronic rejec-
tion. On the other hand, glomerulosclerosis and cell in-
filtration in hypertensive syngeneic grafts was elevated



as compared to the normotensive syngeneic kidneys,
which taken together indicates that hypertension may
play a major role in chronic renal graft injury.

It has been suggested that the damaging effect of hy-
pertension on the renal graft arises from higher glomer-
ular capillary wall tension and pressure. An increased
traffic of macromolecules through the mesangium and
mesangial expansion culminates in glomerulosclerosis
[27). A number of experimental studies have demon-
strated that sustained transmission of the systemic blood
pressure to the glomerular capillary wall is the major
mechanism leading to hypertensive renal disease [10].
This increased wall stress (shear stress) is one of the
most important activators of endothelial cells [28, 29].
Endothelial activation may facilitate the interaction of
host leucocytes with foreign antigens inducing acute re-
jection [30]. In parallel to this interaction, several vaso-
constricting substances such as angiotensin-11. endothe-
lin-I and thromboxane-A2 and growth factors (TGF-f.
PDGF-AA, b-FGF) are released which induce a migra-
tion of smooth muscle cells into the intima where they
proliferate [31-33]. Once intimal proliferation has oc-
curred. the thickening of the intima results in an en-
hanced shear stress on the endothelial cells [34]. This vi-
cious cycle may cause more and more intimal thickening
and other signs of chronic rejection, and finally the de-
struction of the graft.

The role of hypertension in the development of
chronic renal dysfunction in native kidney disease has
been well described [35]. Hypertension is common
among renal transplant recipients, but very few data
are available regarding its impact on long-term graft
structure, function or prognosis [10]. A significant nega-
tive correlation has been found between renal allograft
survival and the presence of hypertension [36]. In a
widely used animal model of chronic renal allograft re-

jection (F344 — LEW), treatment of hypertension re-
sults in decreased glomerular hypertension in associa-
tion with reduced proteinuria and glomerular damage
[37].

It is difficult to ascertain whether hypertension is the
cause or a consequence of renal graft dysfunction. In
this experiment. we investigated the impact of hyperten-
sion on chronic rejection. Transmission of hypertension
by the donor kidney to the recipient has been demon-
strated in various animal models in the setting of stable
allograft function [38-40]. Many other factors have
been implicated in the pathogenesis of hypertension af-
ter renal transplantation, particularly cyclosporine [41].
In rats, the increase in blood pressure and nephropathy
under cyclosporine treatment depends on the dose, the
duration of treatment, the route of administration and
the strain of rat. SHR rats appear to be particularly sen-
sitive to the nephrotoxic and blood pressure-increasing
effects of cyclosporine. To our knowledge, the effects
of cyclosporine on kidney function and blood pressure
in BBOK rats have not yet been investigated. In the pre-
sent study all BBOK recipients remained normotensive
while the SHR recipients developed hypertension and
glomerulosclerosis, albeit to a different degree depend-
ing on the source of the transplanted kidney. While we
cannot exclude the possibility that differences in blood
pressure and glomerulosclerosis between BBOK and
SHR recipients may have been influenced by different
reactions of the two strains, low-dose cyclosporine was
given only during the first 7 day after transplantation.

In conclusion, these results indicate that hyperten-
sion accelerates the morphological and immunohisto-
logical changes characteristic of grafts undergoing
chronic rejection. However, our findings support the hy-
pothesis that alloantigen-dependent factors are more
important.
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