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In vitro bromodeoxyuridine labelling of renal
biopsy specimens: Correlation between labelling
indices and tubular damage
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Abstract
Aims-To exaine the correlation
between bromodeoxyuridine (BrdU)
labelling indices (LI) and tubular damage
in renal biopsy specimens; to evaluate the
diagnostic and prognostic potential of
measuring cell proliferation in a variety
ofrenal lesions.
Methods-In vitro BrdU labelling of
renal biopsy specimens was undertaken
and labelled cells were detected in rou-
tinely fixed, paraffin wax embedded sec-
tions by inumunohistochemistry. The
BrdU LI were calculated as percentages
for the three types of tubular cells-
proximal and distal convoluted tubules
and medulla (LIIPCT, LIVDCT,
LIIMed)-and a total tubular BrdU LI
(LI/Tub) was also calculated for each
biopsy specimen. Histological features
indicative of tubular damage were also
scored and a total tubular damage score
obtained for each biopsy specimen.
Results-The one hour labelling process
did not affect tissue morphology or
impede subsequent diagnosis. Four
biopsy specimens were obtained from
three renal transplant recipients.
Diagnosis of 19 non-transplant biopsy
specimens revealed a variety of renal
lesions. Total tubular damage scores
ranged from 0 to 25 and the LI/Tub
ranged from 0 to 3-68% in all 23 biopsy
specimens. Analyses of variance showed
highly significant correlations between
the total tubular damage score and both
LI/Tub ( p = 0 004) and LI/PCT (p =
0.004); a weaker correlation was found
between the total tubular damage score
and LI/DCT (p = 0-013).
Conclusions-A correlation was found
between tubular damage and BrdU LI.
This was most clearly seen in the proxi-
mal tubules. However, as the study was
limited to a few examples of specific
forms of glomerular or interstitial dis-
ease, firm conclusions about the value of
BrdU labelling in routine diagnosis and
prognosis could not be drawn.

(T Clin Pathol 1994;47:1085-1089)

Renal biopsy has a pivotal role in the diagnosis
and prognosis of renal disease. Consequently,
conventional methods of histopathology,

immunofluorescence, and electron micro-
scopy have remained almost unaltered for two
decades. However, these are essentially
"static" methods and provide little informa-
tion about "dynamic" processes such as cell
proliferation, which may contribute signifi-
cantly to the development of certain lesions,
such as crescentic glomerulonephritis and
acute tubular disorders.' To date, there have
been few studies on the contribution of cell
proliferation to renal disease in humans.
The estimation of cell cycle parameters

based on the proportion of cells in DNA
synthesis (S phase), such as the labelling
index (LI), is widely used in experimental
oncology, forming part of the rationale for
treatment with cycle and phase specific
drugs.' Traditionally, tritiated thymidine
autoradiography has been used but as this
involves infusion of a long-lived, radioactive
isotope, few studies have been undertaken in
humans and none in patients with inflamma-
tory renal disease. Furthermore, the diffi-
culties of autoradiography and the several
weeks required to obtain results have pre-
cluded such methods in the clinical context. A
more convenient alternative to tritiated thymi-
dine is the incorporation of the thymidine
analogue bromodeoxyuridine (BrdU) into the
DNA of cells in S phase.' Cells labelled in this
way can be detected rapidly with a mono-
clonal antibody to BrdU and routine
immunohistochemical techniques.4

Although BrdU is not radioactive, it is a
possible mutagen and teratogen and, there-
fore, has been administered in vivo to only a
few patients with advanced malignant dis-
ease.5 However, a number of studies have suc-
cessfully obtained the S phase LI in human
tissues following in vitro incubation with
BrdU. These have been undertaken princi-
pally in skin,6 endometrium,'5 breast, lymph
node, and bone marrow9-rapidly proliferat-
ing tissues. Recent studies from this labora-
tory, with a mouse model of antiglomerular
basement membrane glomerulonephritis, have
shown that S phase LI can be obtained in the
slowly proliferating kidney, following either in
vivo'°I1 or in vitro"2 labelling with BrdU.

In this paper we report the results of a new
technique, in which renal biopsy specimens
were labelled in vitro with BrdU before
routine processing. Labelling indices in the
tubules were determined and the biopsy
specimens evaluated for tubular damage using
conventional light microscopy.
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Figure 1 Portable, rechargeable incubation block, containing biopsy incubation tubes.

Methods
Needle biopsy specimens, 1-8 mm in diame-
ter, were obtained from renal patients in the
Royal Infirmary, Sunderland, and Freeman
Hospital, Newcastle upon Tyne. All patients
were undergoing biopsy for diagnostic pur-
poses.
The labelling medium was RPMI 1640,

supplemented with penicillin/streptomycin
solution at 100 U/ml/100 ,ug/ml, HEPES
buffer (pH 7 3) at 20 mM, and L-glutamine
at 2 mM. The osmolality of the medium was
adjusted to 290 mosmol/kg with sterile dis-
tilled water. Aliquots (1.93 ml) were stored
for up to one week at 4°C in sterile, capped,
plastic tubes.

Immediately before use, 10 pul each of
BrdU and hydrogen peroxide solutions were
added to each aliquot to give final concentra-
tions of 10 ,uM and 0-015%, respectively.

It was essential that all renal cores be incu-
bated as soon as possible after biopsy. We
therefore designed and constructed a
portable, rechargeable, battery operated, alu-
minium incubation block (fig 1). The block
was designed to require the minimum of
attention from the clinician or radiologist per-
forming the biopsy.

Table 1 Indicators of tubular damage and proliferation

Tubular loss
Tubular cell necrosis
Tubular cell mitoses

Tubular changes Tubular regeneration
Tubular dilatation
Loss of brush borders
Tubular casts and dead cells

Bowman's space <(Dilatation of Bowman's space~Tubularisation of basement membrane

rInterstitial oedema
Interstitial changes Interstitial inflammation

LInterstitial fibrosis

Other changes Juxta-glomerular changes

The incubation block was constructed
around a 25 mm x 50 mm x 50 mm alu-
minium block with two holes (15 mm in
diameter, 35 mm deep) in the top surface to
accommodate the tubes containing the biopsy
specimen in labelling medium. The tempera-
ture of the medium was maintained at 370C
by two resistors (4 7 Q 25 W) fixed to the
block, and powered by four rechargeable cells
("D" size 1 25 V). The temperature was con-
trolled by a thermistor inserted into the centre
of the block and a LM324 op-amp switching
the two resistors through a TIP3055 power
switching transistor. The rechargeable cells
have a capacity of four amp hours giving at
least two hours' use of the incubation block.
In practice, the block operates satisfactorily
for up to six hours between charges.

Immediately after biopsy, each renal core
was placed in 1-95 ml labelling medium con-
taining BrdU and hydrogen peroxide, pre-
warmed to 370C in the incubation block.
Incubation was continued for one hour, dur-
ing which time the block containing the speci-
men was taken to the histopathology
laboratory.

After labelling, biopsy specimens were
placed into sterile 0 01 M phosphate buffered
saline (PBS), pH 7-2, for routine processing
and diagnosis. Samples of each biopsy core
were taken for immunofluorescence and elec-
tron microscopy and the remainder was fixed
in formal sublimate for 45 minutes at room
temperature. After fixation, the biopsy speci-
mens were transferred to 70% ethanol, before
processing and embedding in paraffin wax
(560C). Sections, at 2 to 4 um, on lysine
coated slides, were prepared for routine his-
tology and for the detection of BrdU labelled
cells.

Histological assessment of each biopsy
specimen was made from sections stained
with periodic acid Schiff (PAS) or eosin and
Mayer's haematoxylin. All sections were
coded and read blind. Fourteen features
indicative of tubular damage (table 1) were
scored on a normal (0) to severe (3) scale. A
total tubular damage score was then obtained
for each biopsy specimen by summating the
14 individual scores.
BrdU labelled cells were detected using the

method of Robertson et al.'0 Briefly, the
method uses a rat monoclonal antibody to
BrdU (Sera-Lab Ltd, Crawley Down, Sussex;
code: MAS 250b) and rabbit anti-rat
immunoglobulins conjugated to horseradish
peroxidase (Dako Ltd, High Wycombe,
Bucks; code: P162). The substrate/chroma-
gen used to visualise the labelled cells was
hydrogen peroxide/diaminobenzidine tetra-
hydrochloride (DAB). Sections were counter-
stained with PAS and Mayer's haematoxylin.

Sections were stained for BrdU and
labelled/unlabelled cells were counted, at a
magnification of x 200, in the tubules of the
cortex and the medulla. BrdU labelling
indices were calculated as percentages for the
proximal convoluted tubules (LI/PCT), the
distal convoluted tubules (LI/DCT), and the
medulla (LI/Med). A total tubular BrdU
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Table 2 Histological diagnoses, total tubular damage scores, and BrdU LIs of 23 renal biopsy specimens

Code Diagnosis Tub score LI/PCT LIIDCT LI/Med LIlTub

1 Lupus glomerulonephritis 14 1-74 1 19 NMP 1 48
2 Ischaemia 13 0 0 0 0
3 Amyloidosis 17 2-09 0-60 4-10 1-23
7 IgA:MPGN 4 0 0 0 0
8* T:cellular rejection 21 3 80 3-60 NMP 3-68
9 MPGN 3 004 005 0 003
10 Focal CGN 15 0-60 0-70 NMP 0-60
11 End stage renal failure 13 0 0 35 NMP 0-21
12 IgG:MPGN 7 0-06 0 0 0-02
15 MPGN 1 0 0 04 0 0 01
16 MGN 4 0-22 005 0.10 0-13
17 MPGN 1 0-22 0-07 0-12 0-13
18 Myeloma 25 1-57 0 70 NMP 1-29
19 MGN 1 0 70 0-18 NMP 0-42
20 MGN 0 0 0 NMP 0
21 DPGN 17 0 0 0 0
22 Diabetic GSc 5 0 0 0 0
23 FSGN 23 0 04 0-20 NMP 0 11
24 Ischaemia 6 0-07 0-18 0-17 0-14
25 T:arteriosclerosis 20 2-33 0-84 0-46 1-26
26* T:post cellular rejection 10 1-26 1-14 0-29 0 91
27 T:renal artery stenosis 10 0-03 0-13 0 0 03
28 MGN 5 0-08 0 10 0 0-06

*Consecutive biopsy specimens from same patient; CGN = crescentic glomerulonephritis; DPGN = diffuse proliferative
glomerulonephritis; FSGN = focal segmental glomerulonephritis; GSc = glomerulosclerosis; MGN = membranous glomerulo-
nephritis; MPGN = mesangial proliferative glomerulonephritis; NMP = no medulla present; T = transplant.

labelling index (LI/Tub) was also calculated
for each biopsy specimen by summating the
counts from the three types of cells. All mea-
surements were determined with coded slides.

Analysis of variance was used as detailed.

Results
Twenty three renal biopsy specimens from 22
patients were labelled in vitro with BrdU
before routine processing. The one hour
labelling process did not affect tissue mor-

Figure 2 Membranous glomerulonephritis, showing
normal tubules. Total tubular damage score = 0 (PAS
and haematoxylin).

phology in any of the biopsy specimens and,
hence, did not impede subsequent diagnosis
of the renal lesion.
The histological diagnoses of the 23 biopsy

specimens are given in table 2, together with
the total tubular damage scores and the BrdU
LIs. Eight of the specimens did not contain
any medulla.
Four biopsy specimens (cases 8, 25, 26, 27)

were obtained from three renal transplant
recipients. Two consecutive biopsy specimens
were obtained from one transplant recipient:
the first (case 8) was taken during a rejection
episode; the second (case 26) was obtained
after treatment for the rejection. The two
remaining transplant biopsy specimens dis-
played ischaemic damage (cases 25 and 27).
Diagnosis of the 19 non-transplant biopsy
specimens revealed a variety of renal lesions,
including several glomerulonephritides, end
stage renal failure, ischaemia, amyloidosis,
diabetic glomerulosclerosis, and multiple
myeloma.

Total tubular damage scores ranged from
0, in a case of membranous glomerulonephritis
(case 20; fig 2), to 25 in a patient with multiple
myeloma (case 18; fig 3). Usually, low tubular
damage scores (1-7) were found in patients
with membranous and mesangial proliferative
glomerulonephritis.

LI/Tub ranged from 0 in patients with
ischaemia (case 2), diabetic glomerulosclero-
sis (case 22), mesangial proliferative (case 7),
membranous (case 20), and diffuse prolifera-
tive glomerulonephritis (case 21) to 3-68% in a
transplanted kidney undergoing cellular rejec-
tion (case 8; fig 4).

Analyses of variance showed highly signifi-
cant correlations between the total tubular
damage score and both Ll/Tub (fig 5A; p =
0 004) and LI/PCT (fig 5B; p = 0 004). A
weaker but none the less significant correla-
tion was also found between the total tubular
damage score and LI/DCT (fig 5C; p =
0-013).
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4Figure 3 Myeloma,
showing tubular atrophy
and interstitialfibrosis.
Total tubular damage score
= 25 (PAS and
haematoxylin).

Figure 4 BrdU labelled
tubular cells (arrows) in a
transplanted kidney
undergoing rejection
(LI = 3-68%), showing
interstitial oedema and
inflammatory cell infiltrate
(counterstained with PAS
and haematoxylin).

3

-o-

t
2

o

4

3

0
0-

-j
2

1

0

4

3

*::: :S.:

:...':

C-)
-j

2

A 0

-~~~*
0~~~

* 0
,~~~~0d Im _ I

5 10 15 20 25

B 0

S
0

0

0

I. aI-L
0 5 10 15 20 25

1

0 9 0

v T w I w

0 5 10 15 20 25
Total tubular damage score

Figure 5 Relation between total tubular damage scores
and (A) total tubular BrdU-LI (LI/Tub); (B) proximal
convoluted tubular BrdU-LI (LIIPCT); (C) distal
convoluted tubular BrdU-LI (LIIDCT).

hours compared with the one hour of mitosis,

many more proliferating cells will be recog-

nised if DNA synthesising cells are labelled.

;,Ourprevious studies have shown that

~~~~~mouse renal tissue can be successfully cul-

tured without loss of histological detail and

with good demonstration of BrdU labelled

cells.'2 The preservation of histological detail
i portant as human renal biopsy specimens

are taken only for good diagnostic reasons, are

rarely repeated, and have a small element of
risk for the patient. Techniques to obtain fur-
ther information from the limited material

Discussion available must not diminish the pathologist's
Renal biopsy provides both diagnostic and ability to reach a diagnosis. It is also unlikely
prognostic information. Mitotic activity is that a technically difficult procedure will be
seen as part of the diagnostic pattern of cres- used by busy clinicians.
centic nephritides, acute tubular damage, and The method we have devised in which the
tubulointerstitial nephritides, which includes biopsy specimen is placed in a prewarmed tis-
transplant rejection. As renal tissue normally sue culture medium in an incubation block
has a minimal mitotic rate," these observa- has proved convenient for both clinicians and
tions are significant but difficult to interpret. technical staff and we have observed no

Because DNA synthesis lasts about seven changes in the immunofluorescent or electron

.
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microscopic appearances. The incubation
block is undergoing further development to
improve temperature display.
The demonstration of BrdU labelled cells is

clear, and equivocal labelling is rare. In some
samples there is a suggestion that BrdU
labelling occurs more often in the outer layers
of tissue. This may be related to the rate of
diffusion of BrdU into the tissue or possibly a
change in the rate of uptake at deeper levels.
Practically, it is not possible to incubate for
more than one hour without affecting the
diagnostic process.
The series contains too few examples of

specific forms of glomerular or interstitial dis-
ease to draw general conclusions about BrdU
labelling. However, there is a clear association
between tubular damage and BrdU LIs,
which is most clearly seen in the proximal
tubules. BrdU labelling in the medulla was
lower than in the cortex, but the fact that
some eight out of 23 cases did not have
medulla in this sample makes this observation
of limited value.

Interestingly, the highest labelling was seen
in a case of acute transplant rejection, and a
subsequent biopsy specimen after treatment
showed a considerably lower value. Conse-
quently, further studies are concentrating
specifically on BrdU labelling in renal trans-
plant rejection. It has been agreed that inva-
sion of tubules by lymphoid cells (tubulitis) is
a better indicator of acute rejection than simple
interstitial accumulation,14 although any dif-
ferences in the activity of these lymphoid cells
have yet to be identified. Cell proliferation
with BrdU, together with phenotype studies,
may clarify this issue, as the combined tech-
nique will distinguish actively rejecting popu-
lations from "inert" lymphoid cell collections.

The incubation block is now being marketed by Novocastra
(Newcastle) Ltd.
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