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Effect of renal transplantation on marrow mast
cell hyperplasia of chronic renal failure
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summ{ARY Marrow mast cells have been counted in iliac bone from patients with chronic renal
failure treated by renal transplantation. Mast cell numbers were initially increased but returned to
the normal range in many patients after renal transplantation. Improvement in osteitis fibrosa and
osteomalacia after transplant was not clearly related to this diminution in the number of mast
cells. The use of prednisone in renal transplant patients may have some effect in reducing the
numbers of mast cells. There is no fully acceptable explanation for the increase in marrow mast
cells which occurs in chronic renal failure.

In previous papers we reported that there is an
increase in the number of iliac bone marrow mast
cells in chronic renal failure (Peart and Ellis, 1975)
and that this marrow abnormality persists in spite of
treatment by haemodialysis (Ellis and Peart, 1976).
There was a tendency towards a greater number of
mast cells in patients with more severe degrees of
osteitis fibrosa, but we were unable consistently to
relate hyperparathyroidism to marrow mast cell
hyperplasia. There was no definite causal relationship
between the presence or severity of osteomalacia
and the number ofmarrow mast cells in patients with
renal disease. Haemodialysis brings about a fluctuat-
ing improvement in the various changes of chronic
renal failure and we therefore wished to determine the
effect successful renal transplantation might have on
the number of marrow mast cells when renal
function improves and there is healing of osteomala-
cia and resolution of osteitis fibrosa (Pierides et al.,
1975).
In the present paper we report the results of

observations made on the numbers of marrow mast
cells in iliac bone biopsies obtained from patients
before and after renal transplantation and attempt
to relate the changes in mast cell numbers to improve-
ment in renal function, osteomalacia and osteitis
fibrosa, and to the administration of prednisone.

Material and methods

BONE
Details of the techniques for the processing of iliac
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bone, point-counting of bone, assessment of osteitis
fibrosa and osteomalacia, and the counting of mast
cells have been given previously (Ellis and Peart,
1972, 1973; Peart and Ellis, 1975; Ellis and Peart,
1976).

PATIENTS
Sixty-five post-transplant iliac bone samples were
examined from 47 patients. The samples were
generally obtained by transiliac bone biopsy. A few
were necropsy samples. Samples fall into three main
groups with regard to time after renal transplanta-
tion: 37 at 8-15 months, 22 at 20-27 months, and
6 at >36 months. In 35 of the patients pre-renal
transplant iliac bone biopsies were also studied.

Results

The data for individual patients are summarised in
Table 1. The pre-transplant mast cell values are
significantly increased compared with controls
(Mann-Whitney test for non-parametric data),
whether pre-transplant biopsies are considered
together or in groups, depending upon the time
before transplantation (Table 2). The increase is
of the same order as that previously observed in
patients with chronic renal failure (Table 2).
There is a significant fall in mast cell numbers

when a comparison is made between all pre-
transplant and all post-transplant bone samples
(Table 2). In some patients the number of mast
cells decreased but did not return to normal and the
post-transplant mast cell numbers are still signifi-
cantly increased in comparison with the controls
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Table 1 Details ofnumbers ofmarrow mast cells before and after renal transplantation with summary of the duration of
haemodialysis, timing ofbone samples, and bone histology

Case Pre-renal transplant Post-renal transplant

Timing ofbone sample Number of Bone 8-15 months 20-27 months >36 months
marrow histology

Duration Time mast cells Tine after Number of Bone Time after Number of Bone Time qfter Number of Bone
ofhaemo- relative to per mm' transplant marrow histology transplant marrow histology transplant marrow histology
dialysis date of (months) mast cells (months) mast cells mast cells
(months) transplant per mm' per mm' per mm'

1 35 D ofT 454 M F2 - - Syr 4-38 N
2 10 D of T 49-12 M F3 - - - - Syr 12-15 N
3 21 D of T 15-15 MF1 - - - 24 0-52 MF1 - - -
4 36 D of T 8-05 M Fl 12 0-27 Fl5 - - - - - -
5 39 D of T 18-37 M Fl 12 8-30 Fl-5 24 7-34 N - - -

6 41 -1 mth 28-74 M F2-5 12 2-41 F2 24 3-89 N - - -

7 42 D of T 89-48 M Fl-5 12 59-71 Fl 24 33-32 N - - -
8 18 -1 mth 7-69 M 12 1-71 Fl 25 6-65 N - - -

9 12 -l mth 8-23 M F2 12 0-80 N 24 3-10 N - - -

10 6 -l mth 5-81 M Fl 12 12-48 N 24 1-76 N - - -

11 18 -18 mth 9-16 M F2-5 12 36-12 Fl - -

12 84 D of T 92-13 M F1-5 12 16-67 N - - - - - -
13 18 D ofT 42-91 M 12 4-22 N - - - - - -
14 10 -lOdy 59-36 M F1-5 12 2-01 N - - - - - -
15 11 D of T 48-18 M F1-5 12 10-07 Fl - - - - - -
16 30 -S mth 6-58 M Fl 12 2-61 N - - - - - -

17 25 -3 mth 22-36 M 12 2-46 N - - - - - -

18 22 D of T 53-25 M Fl 8 2-74 M F2 - - - - - -

19 2 D of T 1-53 M F2 12 0-60 Fl-S 20 418 M Fl-S - - -

20 21 -6 mth 4-17 M F2 12 7-37 Fl - -

21 14 -12 mth 8-65 M F1 15 0-55 N - - - -

22 7 -3 mth 22-02 X Fl - - - 24 9-88 M Fl 36 mth 6-68 M
23 - - - - 13 23-54 N 24 25-10 N - - -
24 - - - - 13 2-89 Fl-5 24 2-57 N 39 mth 14-08 N
25 - - - - - - - 27 409 F2 - - -
26 1 -2 mth 0-41 Fl 12 0-29 N 24 5-42 N -

27 6 -4 mth 10-43 N 12 4-99 N 24 6-94 N -

28 72 DofT 58-50 F4 12 17-00 N - - - -_
29 - - - - - - - 24 2-35 F1-5 40 mth 2-88 Fl
30 - - - - - - - - - - 38 mth 16-61 N
31 50 D of T 7-79 F2 12 0-87 F2-5 24 1-46 Fl-S - - -
32 10 D of T 2-81 N 12 0-18 N 24 0-62 N - _ -
33 0 -2 mth 8-78 Fl 12 0-94 N 24 5-54 N -

34 35 D of T 6-29 N 12 3-26 N - - - - _ -
35 27 -2 mth 4-86 F2 12 2-26 N 26 19-23 N
36 - - - - - - - 24 1-26 Fl - - -
37 - - - - - - - 24 1-07 N - - -
38 - - - - 13 19-28 N - - - - _ -
39 16 -4 mtb 26-37 Fl-S 12 5 43 N - - -

40 0 - mth 21-42 N 12 3-09 N - - -

41 2 D ofT 3-85 Fl-S 12 0-92 M F1-5 - - - - -
42 - - - - 12 28-40 N - - - _ - -
43 0 -5 mth 24-44 N 12 5-83 N - - -

44 - - - - 12 8-48 N - - - - - -
45 2 D of T 22-94 N 12 3-96 N - - - - - -
46 - - - - 12 2-65 M F2 - - - - - -
47 - - - 25 0-43 N - -_

D of T, day of transplant; N, no osteomalacia, no osteitis fibrosa; M, osteomalacia, no osteitis fibrosa; F, osteitis fibrosa, no osteomalacia; MF, osteomalacia
and osteitis fibrosa. Numerals after F refer to severity of osteitis fibrosa on scale 1-5. X, no undecalcified section available.

(Table 2). There is a significant reduction in the There is no significant difference between the num-
numbers of mast cells in bone samples at both 8-15 bers of mast cells at 8-15 months and at 20-27
months and 20-27 months after renal transplantation months after renal transplant (Table 2).
but at >36 months there is no significant difference. In those patients with serial pre- and post-
There are few cases in this last category, and in transplant bone samples there is a significant
three, for which serial biopsies were available, there reduction in the number of mast cells at both 8-15
had been a reduction in mast cell numbers in two months and 20-27 months, but the fall is of a lower
and no change in the third. However, in one patient order of significance for the second period (Table 3).
there was an increase in the number of mast cells at In comparison with pre-transplant values, there is.
39 months compared with values at 13 and 24 months. a reduction in mast cell numbers at 8-15 months in
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Table 2 Summary and comparison ofmarrow mast cell numbers in patients before and after renal transplantation

Group Number Number ofmast cells per mm" marrow Comparison ofgroups
(Mann- Whitney test)

Range Mean Median

A Pre-transplant
I All patients 35 0-41- 92-13 22-98 1043 1:7 p < 0-001

1:8 p > 005
1:9 p > 0-10

2 Day of operation 17 1-53- 92-13 30-88 18-37 2:7 p < 0-001
B Post-transplant

3 All patients 65 0-18- 59-71 7-83 3-96 3:1 p < 0-001
3:7 p<0-005

4 8-l5mth 37 0-18- 59-71 8-25 309 4:1 p < 0-001
4:5 p > 0-10

5 18-27 mth 22 043- 33-32 667 3 99 5:1 p < 0-001
6 >36mth 6 2-88- 16-61 9-46 9-42 6:1 p > 0.10

C Previous data for comparison
7 Controls 61 0 - 33-76 3 93 1-95
8 Non-dialysed renal 45 0 95- 5563 13-75 955
9 Dialysed renal 78 0-41-193-99 28-02 20-38

*Se Psart and Ellis (1975) and Ellis and Peart (1976).

28 out of 31 patients, and this is also the case at
20-27 months in 12 out of 15 patients. However,
comparison of these two post-transplant groups
shows that there has been a further fall in mast cell
numbers in only 4 out of 15 patients and in 11
there has been an increase (Table 3).

RELATIONSHIP BETWEEN CHANGES IN
NUMBERS OF MAST CELLS AND IMPROVEMENT
OF OSTEOMALACIA
Undecalcified sections were available before renal
transplantation in 34 of the 35 patients. There
was some degree of osteomalacia in 21 (61-8 %) but
in three of these it was borderline or minimal.
Although some of the highest mast cell values were
obtained in patients with osteomalacia (Figure;
Table 1), a comparison of the numbers of mast cells
in 18 patients with moderate to severe osteomalacia
with those in 13 patients without osteomalacia
reveals no significant difference (Mann-Whitney
test, z = 1-7214; 010 > p > 0-05).

Table 3 Comparison ofnumbers of marrow mast cells
in serial iliac bone samples before and after renal
transplantation

Groups compared Numbers P* Percentage of
ofpairs cases with

reduced mast
cells

Pre-T/Post-T (8-15 mth) 31 <0-001 90*3
Pre-T/Post-T (20-27 mth) 15 <0 05 80-0

>002
Post-T (8-15 mth)/

Post-T (20-27 mth) 15 >0-10 26-7

*Wilcoxon's signed rank test for comparison ofnon-parametric paired
samples (Snedecor and Cochran, 1967). Pre-T and Post-T refer to
before and after renal transplantation respectively.
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Figure Distribution ofnumbers of iliac bone marrow
mast cells in patients before and after renal
transplantation: * no osteomalacia, no osteitisfibrosa;
0, osteomalacia, no osteitisfibrosa; A osteitisfibrosa,
no osteomalacia; A osteomalacia and osteitis fibrosa;
x, no undecalcified section available.

After transplantation, histologically moderate to
severe osteomalacia resolved in 17 (94-4%) and
improved in one (5-6%). Two of the three border-
line cases of osteomalacia improved but one
deteriorated. Of the 20 patients showing improve-
ment of bone mineralisation after transplantation,
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there was a parallel decrease in mast cell numbers in
17 (85%) but, in two, mast cells increased and in one
remained unchanged. However, there was a similar
fall in mast cell numbers in 13 patients without
osteomalacia initially and in one of these osteo-
malacia had developed after renal transplantation.

RELATIONSHIP BETWEEN NUMBERS OF MAST
CELLS AND IMPROVEMENT OF OSTEITIS
FIBROSA
Before renal transplantation 26 out of 35 patients
(74 3%) showed some degree of osteitis fibrosa.
There was a progressive reduction in the incidence
and in the severity of osteitis fibrosa in many of the
patients after transplantation (Table 4). Fluctuations
in the numbers of mast cells are apparently not
causally related to these changes in osteitis fibrosa.
Thus comparison of the pre-transplant and 8-15
month post-transplant data shows a reduction in
mast cells in eight patients without osteitis fibrosa
before or after transplant and this is of the same
order as the reduction observed in 11 patients
showing resolution of osteitis fibrosa. Furthermore,
osteitis fibrosa became more severe over this period
in five patients but the mast cell numbers diminished,
and in those three patients with an increase in the
number of mast cells there was still an improvement
(2) or resolution (1) of osteitis fibrosa.
At 20-27 months serial observations in 16 patients

showed a fall in mast cells in five patients with no
change in the severity of osteitis fibrosa and a
similar fall in mast cells in 8 of 11 patients showing
improvement (2) or resolution (9) of osteitis fibrosa.

RELATIONSHIP BETWEEN MAST CELL
NUMBERS AND RENAL FUNCTION
After renal transplantation renal function improved
and serum creatinine values were < 2 mg/100 ml in
most cases at the time of the post-transplant bone
biopsies. There is no significant difference between
the ranges of values for marrow mast cell numbers
in patients with serum creatinine values < 2 mg/100
ml or 9 2 mg/100 ml at any of the three post-
transplant periods studied.

Table 4 Percent incidence of various degrees of
severity of osteitis fibrosa before and after renal
transplantation showing improvement

Severity of osteitis Pre- Post-transplant (°/0)
fibrosa transplant

(%) 8-15 mth 20-27 mth 236 mth
Grade (n = 35) (n = 37) (n = 22) (n = 6)

0 Nil 25-7 62-2 68-2 83-3
1-1-5 Mild 45-7 27-0 27-3 16-7
2-2-5 Moderate 22-9 10-8 4 5 0
33 Severe 5-7 0 0 0

RELATIONSHIP BETWEEN MAST CELL
NUMBERS AND STEROID THERAPY
All patients received steroids as part of the immuno-
suppressive regime after renal transplantation. The
total amount of prednisone received by the time the
post-transplant bone biopsies were obtained was
variable and in particular was dependent upon the
occurrence and number of rejection episodes.
Examination of the actual doses for each patient
reveals no significant relationship between the
degree of change in marrow mast cell numbers and
the amount of prednisone received.

Discussion

The increase in number of mast cells which occurs in
chronic renal failure is influenced by the events which
follow renal transplantation. In many patients the
number of mast cells returns to within the normal
range. We have previously discussed the possible
relationship between marrow mast cells and histo-
logical changes of osteitis fibrosa and osteomalacia
in azotaemic renal osteodystrophy (Peart and Ellis,
1975; Ellis and Peart, 1976) and the present patients
provide a further opportunity to examine this
problem since renal transplantation is followed by
improvement in both osteitis fibrosa and osteo-
malacia.

In the case of osteomalacia there is a similar order
of reduction in the numbers of marrow mast cells
in those patients with osteomalacia initially which
improved after transplantation as there is in patients
without osteomalacia initially. It seems that resolu-
tion of osteomalacia after renal transplantation is
not causally related to the reduction in the number
of mast cells. The implication is that marrow mast
cell hyperplasia and formation of excess osteoid are
not related. This is difficult to explain when it is
recalled that we previously found an increase in the
number of marrow mast cells in patients with
osteomalacia due to miscellaneous causes such as
malabsorption as well as in haemodialysed patients
in whom there was a significant correlation between'
mast cell numbers and the amount of osteoid present-
(Ellis and Peart, 1976). Rebel et al. (1974) also noted
increased numbers of mast cells in the marrow of
haemodialysed patients and patients with osteo-
malacia and concluded that an increase in osteoid,
whether associated or not with excess resorption of
bone, is accompanied by an increase in the number
of mast cells and that osteomalacia alone is sufficient
to bring this about.

Osteitis fibrosa generally became progressively
less severe after renal transplantation. Since mast
cells are present in greater numbers in those patients
with severe osteitis fibrosa (Peart and Ellis, 1975;.
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Ellis and Peart, 1976), it is tempting to relate this
improvement in osteitis fibrosa to the fall in mast
cell numbers after transplant. Consideration of the
data does not support this idea. Thus a fall in the
number of mast cells occurred after renal trans-
plantation in patients with or without osteitis
fibrosa before operation, and in some patients the
osteitis fibrosa became more severe and the mast cell
number was still reduced. There is a contrast
between the relatively slow manner in which osteitis
fibrosa resolves after renal transplantation and the
reduction in mast cell numbers which is most marked
in the 8 to 15 month samples and later declines or is
reversed. Overall there does not seem to be any
consistent relationship between changes in the
severity of osteitis fibrosa and mast cell numbers
after renal transplantation. This is in keeping with
our previous failure to relate improvement in osteitis
fibrosa and changes in mast cell numbers in patients
treated by parathyroidectomy, phosphate binders or
vitamin D metabolites (Ellis and Peart, 1976).
One of the notable histological features of bone

after successful renal transplantation is that the
total amount of bone present is reduced and the
often irregular cancellous trabeculae stand out
clearly, being invested in a zone of predominantly
fatty marrow previously occupied by vascular
fibrous tissue as part of the osteitis fibrosa reaction.
It is possible that the reduction in marrow mast cell
numbers is part of this general replacement of
marrow fibrosis by fat since we have previously
shown that much of the mast cell increase is located
within this particular zone (Peart and Ellis, 1975).
Woods and Bishop (1973), in their paper concerned
with mast cells and bone resorption, reported that
some of the mast cells in the marrow were in close
relation to thin-walled vessels which were also
increased when osteoporosis appeared to be actively
developing. Connective tissue changes of this type
cannot be solely responsible for the variations in
marrow mast cell numbers, however, since dif-
ferential cell counts of mast cells in the osteitis
fibrosa fibrovascular zone and in the remaining
marrow show that in chronic renal failure mast cells
are increased in both these sites (Peart and Ellis,
1975).
The present studies of bone changes after renal

transplantation have shed no new light on the
central problem which is to explain the increase in
marrow mast cells in chronic renal failure. The
situation is complex since renal transplantation is
associated with numerous changes related to the
improved renal function of which resolution of
osteitis fibrosa and the mineralisation defect form
only a part. A further complication is the administra-
tion of prednisone in large doses to all these patients

with renal transplants. Although we have been
unable to relate the precise dose of prednisone to the
varying degrees of reduction of mast cell numbers,
we cannot exclude the possibility that prednisone
may be responsible. The literature is somewhat
contradictory regarding the effect of cortisone on
tissue mast cell numbers (Selye, 1965). Devitt et al.
(1953) were unable to demonstrate any effect of
cortisone acetate on mast cell numbers in the rat
mesentery, whereas Cavallero and Braccini (1951)
found that cortisone reduced the number of mast
cells in skin, thigh, muscle, and myocardium, and
Asboe-Hansen (1952) refers to reduced mast cell
numbers with degranulation in humans and various
rodents after treatment with ACTH or cortisone.
Fulton et al. (1954) also reported a reduction in the
number of mast cells in the hamster mesentery
after cortisone treatment.
To summarise our previous (Peart and Ellis,

1975; Ellis and Peart, 1976) and present observations
on marrow mast cells in chronic renal failure we can
state that (1) the number of mast cells is increased in
many patients with chronic renal failure, (2) haemo-
dialysis has no favourable effect on this mast cell
increase; (3) although the number of marrow mast
cells is greatest in those renal patients with severe
degrees of osteitis fibrosa, we have been unable to
demonstrate a significant relationship between
changes in mast cell numbers and improvement of
osteitis fibrosa whether brought about by para-
thyroidectomy, the use of phosphate binders or
vitamin D metabolites, or after renal transplantation;
(4) the increase in marrow mast cells is related to
the amount of osteoid in haemodialysed patients but
this could be a function of the duration of dialysis
and not necessarily imply any causal correlation
between mast cells and the mineralisation status of
bone; (5) marrow mast cells are increased in patients
with osteomalacia unassociated with renal disease;
(6) after renal transplantation there is a reduction in
the number of marrow mast cells but this does not
appear to be specifically related to improvement in
either osteitis fibrosa or osteomalacia; (7) after renal
transplantation changes in marrow cellularity and
the administration of prednisone, which may cause
a reduction in mast cells, serve further to complicate
matters; (8) we are unable to offer any entirely
satisfactory explanation for the increase in marrow
mast cell numbers which occurs in chronic renal
failure.
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