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A b s t r a c t  The prognostic impact of tubulitis and the phe- 
notype of the infiltrating cells in the tubules were studied 
in ten percutaneous renal biopsies from six patients with 
acute tubulointerstitial nephritis (ATIN). The inflammato- 
ry cell subsets in the tubules and interstitium (CD3+, 
CD4+, CD8+, CD20+, CD45RO+, CD56+, CD57+, 
CD68+ and TIA-I+ cells), the expression of vimentin and 
the proliferation-associated antigen Ki-67 by cortical tu- 
bular cells, and the grade of tubulitis, interstitial infiltra- 
tion and fibrosis were analysed. Cytotoxic injury to tubu- 
lar cells in the vicinity of tubular-wall-localized lympho- 
cytes was studied ultrastructurally. ATIN was drug-in- 
duced in three patients, related to Legionella infection in 
two and idiopathic in one patient. Four patients recovered, 
one with reduced renal function. Two patients developed 
end-stage renal disease. CDS+ and CD4+ lymphocytes, 
and a smaller number of macrophages, infiltrated the tu- 
bules. The predominant lymphocyte subset in the tubules 
was the same as in the interstitium. Cytotoxic injury to tu- 
bular cells was not seen electron microscopically. The tu- 
bular cells exhibited increased proliferative activity and 
expressed vimentin, indicating non-specific tubular dam- 
age. The cell subset, the severity of tubulitis, and the tubu- 
lar expression of vimentin were not related to outcome. 
The main prognostic factor was the severity of the intersti- 
tial fibrosis. Tubulitis in ATIN may be a harmless non-im- 
mune reaction, mediated by tubular expression of cyto- 
kines, together with adhesion and other molecules. 
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Introduction 

Acute tubulointerstitial nephritis (ATIN) is characterized 
morphologically by interstitial mononuclear cell infil- 
trates composed mainly of T lymphocytes, tubulitis (in- 
filtration of tubules by mononuclear cells) and tubular 
epithelial damage [5, 6, 10, 12, 14, 18, 23, 30, 31, 40, 48, 
49, 52, 55]. The majority of cases are drug-induced, in- 
fection-related or idiopathic. Cell-mediated hypersensi- 
tivity reactions have been proposed in the pathogenesis 
of most cases [11]. The clinical presentation varies from 
mild, transient renal insufficiency to severe oliguric 
acute renal failure. The patient may recover with normal 
renal function or with a variable degree of renal dysfunc- 
tion, occasionally leading to end-stage renal failure. 

No data have been published on the cell subsets in 
tubulitis in ATIN and it is not clear whether the tubulitis 
influences the outcome of the disease. The aim of the 
present study was to determine the phenotype of the cells 
infiltrating the tubules and to investigate whether the in- 
flammatory and degenerative tubular changes are predic- 
tive of prognosis. 

Materials and methods 

Cases were selected from the files of the University Institute of 
Pathology, Aarhus. In a preliminary study, paraffin section im- 
munophenotyping of inflammatory cells in tubulitis was; found to 
give inconsistent results in spite of optimal antigen retrieval using 
microwave and enzymatic pretreatments (data not shown). Thus, 
the main study was confined to cases in which both paraffin-em- 
bedded and flesh frozen biopsy material were available. Ten renal 
biopsies from six patients with ATIN were studied. 

Case reports 

Patient 1 

A 26-year-old man was treated with penicillin in October 1993 for 
an acute upper respiratory tract infection. On day 7, monospot test 
was positive and there were 10% atypical lymphocytes in the 
blood. Serum creatinine was 400 gmol/l with decreased urinary 



output. The penicillin was stopped. On day 12, there were uraemic 
symptoms (serum creatinine: 544 gmol/1). On day 13, Epstein- 
Barr virus (EBV) serology was strongly positive for early antigen- 
IgM, weakly positive for early antigen-IgG and negative for nucle- 
ar antigen-IgG, suggesting current late primary infectious mono- 
nucleosis [45]. Renal biopsy revealed ATIN. The outcome was 
complete recovery. 

Patient 2 

A 39-year-old woman with multiple sclerosis was treated with 
amitryptyline and paracetamol in October 1991. Two weeks later, 
she was admitted with confusion and malaise. Evidence of renal 
failure (serum creatinine 282 gmol/1), severely affected liver 
function and thrombocytopenia were found. Renal biopsy demon- 
strated ATIN. She was on dialysis for 1 week with complete re- 
covery. 

The ATIN was thought to be associated with the intake of par- 
acetamol. 

Patient 3 

A 46-year-old woman treated periodically with non-steroidal anti- 
inflammatory drugs for osteoarthrosis developed mechanical ileus. 
On admission in April 1993, a serum creatinine level of 160 
gmol/1 was recorded. Her ileus was resolved by uncomplicated ab- 
dominal surgery. In the early postoperative period acute oliguric 
renal failure developed. Renal biopsy exhibited ATIN. Dialysis 
was started from the 6th postoperative day. End-stage renal dis- 
ease resulted. 

The intake of non-steroidal anti-inflammatory drugs was 
thought to be the causative factor. 

Patient 4 

A 46-year-old man was admitted in June 1990 with fever, bilateral 
pneumonia, haematuria and oliguric acute renal failure. Legionella 
infection was demonstrated, with growth of the organism from the 
tracheal secretions and identification of the antigen in the urine. 
He was dialysed for 2 weeks. Renal biopsy revealed ATIN and ste- 
roid treatment was started, resulting in incomplete recovery. 

Patient 5 

A 48-year-old woman was admitted in July 1990 with acute respi- 
ratory and renal insufficiency. LegioneIla infection was verified by 
serology and renal biopsy showed ATIN. She was on dialysis for 
83 days. Renal function was only partly restored, and end-stage 
kidney disease developed. 

Patient 6 

A 54-year-old man presented in September 1992 with low-grade 
fever, anaemia, elevated serum creatinine, proteinuria and micro- 
haematuria. Echocardiography, chest radiography, and bone scin- 
tigraphy were unremarkable. No evidence of infective agents, col- 
lagen-vascular disease or Bence-Jones protein was found. In Octo- 
ber, serum creatinine was 360 ~tmol/1. Renal biopsy demonstrated 
ATIN and steroid treatment was initiated. There was complete re- 
covery. 

Biopsy material 

The percutaneous renal biopsies were fixed for light microscopy in 
buffered 4% formalin, embedded in paraffin wax and stained with 
haematoxylin and eosin, periodic acid-Schiff (PAS), Masson's tri- 

chrome, silver methenamine and Congo red. Part of the specimen 
was snap frozen and stored at -80 ° C, and used for direct immu- 
nofluorescence (IgG, IgA, IgM, C3, albumin and fibrinogen) and 
for immunophenotyping. A third part of the biopsy was double 
fixed in glutaraldehyde and osmium tetroxide, and embedded in 
resin for electron microscopy. 

Tubulitis and interstitial infiltrates were assessed semiquanti- 
tatively on paraffin sections, without knowledge of the clinical da- 
ta. The severity (S) of the tubulitis was scored on PAS-stained 
slides as described earlier [28]. In brief, tubular profiles with 1-4 
leucocytes, 5-10 leucocytes, and more than 10 leucocytes were 
scored as S~, S 2 and S~ tubulitis, respectively. The extent (E) of 
tubulitis was assessed in a 2 mm 2 area of the biopsy, including the 
most severe focus of tubular wall inflammation. Four categories 
were established: E l, 1-10; E2, 11-20; E3, 21-30; E4, more than 
30 tubular profiles with tubulitis. Cases scored as E1Sz_ 3 and EzS 1 
were regarded as mild, E2S2_ 3 and E3_4S ~ as moderate, and E~S~ 
and E3mS 3 as severe tubulitis. Interstitial infiltrates present in 
1%-30%, 31%-50%, and more than 51% of the cortex, respective- 
ly, corresponded to mild, moderate and severe grades of interstitial 
inflammation. The severity of interstitial fibrosis was measured 
with the point count method, using an image analyser and tri- 
chrome-stained slides. Points hitting blue peritubular interstitial 
areas were counted as fibrosis; points hitting the tubules (includ- 
ing the tubular basement membrane), intertubular capillaries and 
peritubular interstitium constituted the reference space. Points sit- 
uated on the large vessels, their perivascular connective tissue 
sheath, the arterioles, and the glomeruli with their capsular base- 
ment membrane were not counted. The stage of the microscope 
was moved in one direction only and with the 20× objective the 
entire length of the cortex was sampled in one row. Slides from 
eight psoriatic patients prior to cyclosporin treatment served as 
controls. 

For immunophenotyping, serial frozen sections were cut at 3-4 
~tm, mounted consecutively (one section/slide), fixed in acetone 
(10 rain), air-dried and stored at -20 ° C until use. Standard three- 
stage immunoperoxidase staining was performed using second and 
third stage antibodies from Dakopatts (Glostrup, Denmark) with 
intervening washes in phosphate buffered saline (pH 7.1). Briefly, 
after inhibition of endogenous peroxidase activity (0.6% hydrogen 
peroxide in 50 retool/1 TRIS-hydrochloric acid, pH 7.6 for 20 
rain), sections were blocked with 5% fetal bovine serum (20 rain). 
They were then incubated with primary antibody (Table 1, 60 
rain), peroxidase-conjugated rabbit anti-mouse immunoglobulin 
(30 min), and peroxidase-conjugated swine anti-rabbit immuno- 
globulin (30 rain), followed by diaminobenzidine visualization 
(5-6 rain). The slides were weakly stained with PAS and counter- 
stained in Mayers' haematoxylin. Frozen sections of a human ton- 
sil and a lymph node served as positive controls. 

Cells showing appropriate staining patterns were scored posi- 
tive. Interstitial infiltrates included the mononuclear cells in peri- 
tubular capillaries. The whole cortex was read. The photographic 
field of an Olympus AHBS microscope was used as a sampling 
frame (0.104 mm 2, measured with a graticule) and the results were 
expressed as number of inflammatory cells/ram 2. 

Tubular damage was assessed in paraffin sections by evaluat- 
ing the immunohistochemical expression of vimentin and prolifer- 
ation associated Ki-67 antigen in the cortical tubules. Slides of the 
ten biopsies with ATIN and controls were deparaffinized. Antigen 
retrieval was achieved by microwave exposure (5×5 rain, maxi- 
mum power 800 W, in 10 mmol/l citrate buffer, pit 6.0). After pre- 
incubation in fetal bovine serum, the slides were incubated with 
the primary antibody overnight at 4 ° C (for characteristics of anti- 
bodies see Table 1). Standard alkaline phosphatase-antialkaline 
phosphatase with fast red visualization and streptavidin-biotin 
complex/horseradish peroxidase with nickel-diaminobenzidine 
chromogen methods were used for the detection of vimentin and 
Ki-67, respectively. Slides were counterstained with Mayers' hae- 
matoxylin. Omission of the primary antibody served as negative 
control. Staining of glomerular podocytes acted as an internal pos- 
itive control for vimentin, and germinal centre cells in a lymph 
node as positive controls for the Ki-67 staining. 



Table 1 Monoclonal antibodies used in the present study (CD cluster of differentiation) 

Clone Antigen CD Specificity and reference Source Concentration 

T3-4B5 CD3 Pan-T cells Dakopatts 1/100 
MT310 CD4 T helper/inducer cells Dakopatts 1/10 
C8/144 CD8 T cytotoxic/suppressor cells J. Askaa, Dakopatts 1/20 
L26 CD20 Pan-B cells Dakopatts 1/200 
UCHL-1 CD45RO Memory CD4 and CD8 cells [1, 2, 24] Dakopatts 1/100 
NKH- 1 CD56 Natural killer cells Immunotech 1/50 
Leu-7 CD57 Large granular lymphocytes Becton Dickinson 1/20 
KP 1 CD68 Macrophages and myeloid cells Dakopatts 1/230 
TIA-l Cytolytic granule protein Cytotoxic cells [4, 43] Coulter 1/240 
Vim 3B4 Vimentin Cells of mesenchymal origin Dakopatts 1/60 
MIB-1 Ki-67 nuclear antigen G1, S, G2 and M phases of cell cycle Immunotech 1/100 

Fig. 1 The relative percentages 
of mononuclear cells in the in- 
terstitium and tubules in acute 
tubulointerstitial nephritis 
(ATIN). The predominant in- 
flammatory cell population in 
the interstitium tends to be the 
predominant cell population in 
the tubules 
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The numbers of vimentin-positive tubular cross-sections in 
100 consecutive cortical tubular profiles were read, without tak- 
ing into account the intensity of the expression and the number of 
epithelial cells stained. For Ki-67, tubular profiles with and with- 
out positive nuclear staining were read, according to the estima- 
tion of the number of objects per area unbiased by edge effects, 
as described [27]. The photographic field (area: 0.104 mm 2) of a 
photomicroscope and unidirectional movement of the stage were 
used for sampling. The whole or almost the whole cortex was 
read in two consecutive rows. The proliferation index was calcu- 
lated as the number of Ki-67 positive nuclei/all counted tubular 
profiles xl00. 

The presence of EBV was analysed in paraffin sections using 
immunohistochemistry for EBV-encoded latent membrane protein 
(LMP)-1 [41 ] and RNA/RNA in situ hybridization for EBV-encod- 
ed small RNAs (EBERs) as described [21]. EBER in situ hybrid- 
ization is highly sensitive and is the method of choice for the his- 
tological detection of EBV. 

The ultrastructural appearance of tubulitis was studied in the 
four first biopsies (one block/case). All tubular profiles with tubul- 
itis were photographed. Since the original electron microscopical 
investigation was concentrated upon glomerular ultrastructure, on- 
ly a small amount of tubulointerstitial tissue was available for the 
present study. 

Least square regression analysis was used to test the correla- 
tion between lymphocyte subsets in the interstitium and the tu- 
bules, and Student's unpaired t-test for the analysis of difference 
between proliferation index of cortical tubular epithelial cells ver- 
sus controls (significance at 5% level). 

35 

30 

25 

2 0  

15 

10 

5 

0 

.............. i. ....................................... 

........... ~ .............. o - - -  -o ......................................................................................... 

• 
C o n t r o l s  1 2 3 3 3 4 4 5 5 6 

1 2 3 1 2 1 2 

P a t i e n t  

B i o p s y  

Fig. 2 Interstitial fibrosis in ATIN. Patients 3 and 5, in whom se- 
vere fibrosis was measured by point-counting, developed end- 
stage renal failure. Those who had normal values, recovered 

R e s u l t s  

The c l in ica l  data, immunoh i s to log i ca l  and light: micro-  
scopic  f indings  are summa r i z e d  in Table  2 and Figs.  1 
and 2. A l l  b iopsy  samples  d i sp l ayed  var ious  degrees  o f  
baso la te ra l  express ion  o f  v imen t in  (Fig.  3). No  expres-  
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sion of vimentin was observed in the control biopsies. 
The proliferation index in the first biopsies was signifi- 
cantly higher (mean 3.11%, SD 4.12) than in the controls 
(mean 0.27%, SD 0.43). The proliferation imdex was 
lower in the repeat biopsies than in the first biopsies. Ex- 
pression of vimentin and Ki-67 antigen was observed in 
tubular profiles without and with tubulitis. In patients 1 
and 3, CD8-positive and TIA-l-positive cells were the 
predominant cell type in the interstitium a~td tubules 
(Fig. 4). The majority of cells were CD45RO+. In Legio- 
nella-related ATIN and idiopathic ATIN, CD4+ cells 
constituted the major inflammatory cell population in the 
interstitium and tubules. There was a positive, albeit not 
significant, correlation between the interstitial and tubu- 
lar lymphocyte subsets (0.614 for CD8+ and 0.656 for 
CD4+). In patient 2, macrophages and smaller number of 
CD4+ cells predominated in the interstitial infiltrates. 
Marked tubulitis was not present. Electron miicroscopi- 
cally, 14 tubular profiles with 24 tubular-wall-localized 
lymphocytes were found. No lyric injury or apoptosis of 
adjacent tubular epithelial cells were observed (Fig. 5). 
The ultrastructural details of tubulitis were identical with 
those described earlier [26, 39]. 

In patient 1, EBV-infected cells were not detected us- 
ing either EBER RNA/RNA in situ hybridization or 
LMP-1 immunohistochemistry. That the ATIN in this 
case was not due to direct infection of the kidney with 
EBV was also shown by the striking CD8+ cell predomi- 
nance found, which contrasts with the mainly B cell pro- 
liferation associated with EBV infection [34]. 

Patients 1, 2 and 6 recovered completely, and patient 
4 partially, suggesting that the outcome was not influ- 
enced by the predominant cell subset in the interstitium 
and tubules, the grade of tubulitis, or vimentin expres- 
sion in tubules. Taking together the clinical and morpho- 
logical data, the main determinant for the prognosis of 
ATIN was the severity of interstitial fibrosis. 

Discussion 

Cortical tubular cells are derived from the metanephric 
blastema. Through embryonic development, a mesenchy- 
real-to-epithelial transition occurs, resulting in tubular 
cells achieving an epithelial phenotype, without vimentin 
expression. Various reversible and ineversible pathologi- 
cal processes induce dedifferentiation of the tubular epi- 
thelial cells. In such cells, phenotypic transdifferentiation 
with the expression of vimentin may occur [19, 22, 33, 

Fig. 3 Basolateral expression of vimentin (arrows) in a cortical 
tubule with tubulitis, x360 
Fig. 4 Penicillin-induced ATIN (outcome: recovery). TIA-l-posi- 
tire cytotoxic T lymphocytes infiltrate the tubule (arrows) and the 
peritubular interstitium, x360 
Fig. g Penicillin-induced ATIN. The lymphocyte is localized in 
the lateral intercellular space of the tubular wall. The neighbouring 
epithelial cells do not exhibit signs of cytotoxic injury, ei~.her lysis 
or apoptosis, x5600 
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37, 50, 51, 53]. Since in our material tubular epithelial 
vimentin display was observed in either patients who re- 
covered or those who did not, the phenomenon cannot be 
used as a determinant for prognosis in ATIN. The rela- 
tive number of Ki-67-positive nuclei was very low in the 
controls. This is in accordance with the findings of 
N~idasdy et al. [35], who demonstrated that normal tubu- 
lar epithelial cells have a low proliferation activity. The 
activity was markedly increased in the first biopsies of 
ATIN and had a decreasing tendency in the repeat biop- 
sies. 

In patients 1 and 3-6, the interstitial infiltrates were 
dominated by T cells, followed by macrophages. B cells 
were either absent or rare. These observations are in ac- 
cordance with the literature [11 ]. Our drug-induced cases 
(patients 1 and 3) displayed a CD8+ cell and TIA-I+ cell 
predominance, pointing to a cytotoxic cell reaction, and 
our cases with Legionella -infection and idiopathic ATIN 
had a CD4+ predominance, suggesting a delayed-type 
hypersensitivity response. The majority of the interstitial 
T cells expressed CD45RO, indicating that these cells 
were in a late stage of activation. The antigen eliciting 
the inflammatory response in the interstitium was un- 
known in our cases, as is the situation in almost all cases 
of ATIN, and it is unclear why some of our cases exhibit- 
ed a cytotoxic, and others a delayed-type hypersensitivi- 
ty cell reaction. Analysis of infiltrating cells in previous 
reports on drug-induced ATIN has also given conflicting 
results. Some authors found that the relative numbers of 
CD4+ and CD8+ cells were close to equality, whereas 
others reported that either the CD8+ cells or the CD4+ 
cells were in the majority [5, 6, 10, 12, 49, 52]. We con- 
clude that the present and the previous results do not al- 
low a decision as to whether there is a histocompatibility 
restriction of the immune response in drug-induced 
ATIN or not. 

Recent studies indicate that the renal tubular epitheli- 
um may mediate tubulitis. During inflammatory cell in- 
filtration of the renal interstitium, tumour necrosis fac- 
tor-alpha, interferon-gamma [36], interleukin-1 (IL-1) 
[32], and other cytokines are secreted from activated 
mononuclear cells. These cytokines stimulate the tubular 
epithelial cells to upregulate the expression of major his- 
tocompatibility complex (MHC) class I antigens and in- 
tercellular adhesion molecule-l, to express MHC class II 
antigens, vascular cell adhesion molecule-1 (VCAM-1), 
IL-6 and IL-8 de novo, and to present antigen to T cells 
[3, 7, 8, 10, 13, 15-17, 20, 29, 44, 46, 54]. The present 
study demonstrated that the predominant cell types were 
identical in the interstitium and the tubules, suggesting 
similar inflammatory processes in these locations. It is, 
however, unclear whether the presence of intratubular 
lymphocytes represents an antigen-initiated immune re- 
sponse acting within the tubules, or whether it is unrelat- 
ed to antigen recognition. 

The following arguments support our view that the 
tubulitis in ATIN may represent a non-immune inflam- 
matory reaction mediated by cytokines, but not initiated 
by antigen recognition. Firstly, the capacity of tubular 

epithelial cells to present antigen is confined to proximal 
tubules [20, 54]. This segmental feature would favour 
tubulitis in the proximal tubules. In contrast, the proxi- 
mal tubules in ATIN and other forms of interstitial ne- 
phritis were not found to be the main site of tubulitis 
[25-27]. Second, if tubular epithelial cells in association 
with HLA class I molecules can present antigen to CD8+ 
lymphocytes, these cells in turn will promote tubular epi- 
thelial cell death. Lysis of tubular epithelial cells adja- 
cent to tubular wall-localized lymphocytes was, however, 
not observed in either the present study or in our earlier 
electron microscopic studies on ATIN [26, 38, 39]. Since 
no structural evidence of cytotoxic injury to epithelial 
cells was found, it is conceivable that the tubular-wall-lo- 
calized lymphocytes had no epithelial targets. We as- 
sume, therefore, that the reason for the similar phenotyp- 
ic predominance in the interstitium and tubules observed 
in the present study was that following tubular expres- 
sion of VCAM-1, IL-6, IL-8, and other proinflammatory 
molecules, the inflammatory cells in the interstitium in- 
filtrated the tubular walls. The predominant cell type in 
the interstitium, by chance, constituted the predominant 
cell type within the tubules. 

The morphological features of ATIN have many simi- 
larities to acute cellular allograft rejection [11]. In the 
early phase of acute rejection, numerous large granular 
lymphocytes (CD57+) infiltrate the tubules [47]. In our 
cases, natural killer cells were practically absent from 
both the interstitium and the tubules. Since the renal bi- 
opsies in patients 1 and 3 were performed relatively early 
during the course of the disease, and no killer cells were 
recorded, our cases appear to differ from the tubulitis 
seen in acute rejection. 

In patient 1 CD8+ lymphocytes, and in patient 6 
CD4+ lymphocytes were the predominant cell subsets 
within the tubules. Since both patients recovered, the 
tubulitis, irrespective of the cell subset predominance, 
had no impact on the outcome of the disease. 

Severe tubular destruction does occur in ATIN [39], 
with disappearance of tubular basement membranes and 
disruption of the tubular walls. According to the argu- 
ments above, these tubular lesions are not directly caused 
by the infiltrating cytotoxic T cells. Although the mecha- 
nism by which tubular destruction develops is unknown, 
it is tempting to speculate that delayed-type hypersensi- 
tivity may account for the tubular damage. Cytokines, 
derived from interstitial activated CD4+ cells and macro- 
phages, may lead to microvascular injury, tissue isch- 
aemia, and impaired synthesis of the tubular basement 
membrane material. Defects in basement membrane syn- 
thesis and ischaemia, acting in concert, may lead to tubu- 
lar destruction. Similar tubular injury ("vanishing tu- 
bules") can be seen in acute renal allograft rejection [42], 
in which delayed hypersensitivity is an essential mecha- 
nism of graft destruction. 

We analysed the vimentin display of the cortical tu- 
bules, the cell subset of the tubulitis, the severity of tub- 
ulitis and the severity of interstitial infiltrates and fibro- 
sis in order to determine if one or more of these lesions 
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had an impact on the prognosis. The results show that 
interstitial fibrosis is the main determinant for progres- 
sion to end stage renal disease. Buysen et al. [9] studied 
clinical and morphological features of ATIN in 27 pa- 
tients. They had 8 patients with moderately severe inter- 
stitial fibrosis, and in 2 of them the renal function did 
not return to normal in spite of steroid therapy. There 
was no correlation between the extent of the interstitial 
infiltrates and the severity of the renal failure. Both their 
and our observations indicate that interstitial fibrosis is 
crucial in the prognosis of ATIN. Tubulitis seems to be a 
harmless epiphenomenon, without clinical consequenc- 
es. 
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