
2. Material & Methods
TCLs and TCCs were generated from kidney biopsy specimens. The biopsy was manually disaggregated, 
treated with trypsin and the eluted cell fraction was collected. Limiting dilution was performed immediately as 

INVOLVEMENT OF CYTOTOXIC T CELLS IN 
DRUG-INDUCED INTERSTITIAL NEPHRITIS

Monika Keller 1, Zoi Spanou 1, Nikhil Yawalkar 2, Thomas Fehr 4, Jörg Neuweiler 4, Markus Mohaupt 3, and Werner J. Pichler 1

Department of Rheumatology, Clinical Immunology and Allergology, Division of Allergology, Inselspital, University Hospital of Bern, 
Switzerland, and Swiss Center of Applied Human Toxicology SCAHT,

2Departement of Dermatology, and 3Department of Nephrology/Hypertension, Inselspital, University Hospital of Bern, Switzerland, 
and 4Division of Nephrology and 5Institute of Pathology, Kantonsspital, St. Gallen, Switzerland

4.4. Immunohistochemistry of kidney biopsy specimen s

1. Introduction
Drug allergic reactions can cause acute interstitial nephritis. It is a rare disease that is 
characterized by a sudden impairment in renal function, mild proteinuria, and sterile 
pyuria. Antibiotics, proton pump inhibitors, NSAIDs, anticonvulsants, and diuretics are 
thought to be the main elicitors. 
We could previously demonstrate the involvement of drug specific T cells in drug-
induced interstitial nephritis by positive lymphocyte transformation tests, as well as 
the generation of drug-specific T cell lines (TCLs) and clones (TCCs) from peripheral 
blood (Spanou Z., Keller M. et al, J Am Soc Nephrol. 2006;17: 2919).

1.1. Aim
In this study, we follow up our previous findings by functionally characterizing the T 
cell infiltrate in the kidney of seven patients. To this end, we isolated T cells from 
kidney biopsies of acute interstitial nephritis and analysed them. In parallel, kidney 
biopsies were analysed by immunohistochemistry.

4.3. Cytotoxicity of TCCs
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The cytotoxicity of the T cells was tested in 51Cr-release assays. Concavalin A (ConA) was used to 
stimulate the TCLs/TCCs. Autologous or allogeneic E BV-transformed B cell lines were used as 
target cells. 

� Most of the clones showed a cytotoxic response 
after activation with ConA.

� FACS staining for CD107a/LAMP-1 confirmed 
theses findings after stimulation with ConA but 
was negative with drug-specific stimulations 
(performed with TCCs JüS; data not shown).

� TCC BrSch 4*1/76 was generated from the blood 
of an other patient and was not cytototxic (control 
clone).

BeLa

JüS ChZ

BeLa/control patient

JüS

treated with trypsin and the eluted cell fraction was collected. Limiting dilution was performed immediately as 
described previously. Cytokine and chemokine production of the TCLs and TCCs was measured by ELISA after 
in vitro stimulation with anti-CD3/anti-CD28. The cytotoxicity was determined in a 51Cr-release assay with EBV-
transformed B cell lines as target cells and concavallin A (ConA) as mitogenic stimuli. An other part of the 
biopsy was snap frozen and analyzed by immunohistochemistry using the following antibodies: CD4, CD8, 
neutrophil elastase, IL-5, CD68, IL-12, Fas and perforin.  

4.4. Immunohistochemistry of kidney biopsy specimen s

3. Patients
Patients AK BeLa CA ChSt ChZ GP JüS

Age/Sex 37, f 67, m 28, f 61, m 70, m 73, m 63, m

Drug intake Ciprofloxacin
Mefenamic acid

Sulfamethoxazole
Trimethoprim

Ibuprofen Furosemide
Omeprazole

Flucloxacillin 
Rifampicin

Levofloxacin

Diclofenac Cefepime

Symptoms of drug hypersensitivity

• skin eruptions - - - - + - -

• eosinophilia - - - - + + +

• increased liver enzymes + + - - - + -

• proteinuria unknown unknown unknown unknown unknown + +
• pyuria unknown unknown unknown unknown unknown + -

Creatinine (mmol/l) 1099 357 687 625 273 233 135
CRP (mg/l) 70 29 60 15 unknown 82 nd

4. Results
4.1. T cell lines (TCLs) and T cell clones (TCCs)

Cloning of T cells from the kidney

BeLa

CD4 CD8 Neutrophil elastase Monocytes/Macrophages

IL-5 Fas PerforinIL-12

JüS

TCC
Vbbbb expression 
(%)

Phenotype 
(%)

generated 
in 

BeLa K1 V bbbb 7.1 (100%) CD4+ (100%) subcloning

Vbb 7.1 CD4+

TCC Vbbbb expression 
(%)

Phenotype 
(%)

generated 
in 

JüS K3 V bbbb22 (100%)
CD4+
CD8+

(99%)
(58%) 1. cloning

Expansion 
of a single 
cell 

T cell clone (TCC)
Elution

Expansion 
of few 
different cells T cell line (TCL)

1 cell 
per well

1-4 cells 
per well

T cell clone (TCC)
Expansion 
of a single 
cell 

1. Cloning Subcloning

Immunohistochemistry

T cells were eluted from kidney biopsies and expand ed in vitro. 
Phenotypic characterization was performed by FACS analysis.

� We were successful in the generation of 
TCLs and TCCs from three patients: 
BeLa, JüS, ChZ

CD4 CD8 Neutrophil elastase Monocytes/Macrophages

IL-5 Fas Perforin

5. Conclusions 

� T cells could be isolated from the kidney in the ac ute phase of the 
interstitial nephritis.

� Characterization of the TCLs and TCCs revealed a res tricted T cell 
receptor distribution in every patient.

� After in vitro stimulation, the T cells secreted very high amounts  of 
cytokines – of Th1 or Th2 phenotype.

� Immunohistochemistry confirmed the involvement of T  cells in DIN. 

� Most of the T cells showed an in vitro cytotoxicity.

� The data show that in drug-induced interstitial nep hritis complex 
mechanisms like cytokine production, effector cell recruitment and 
activation (PMN, eosinophils, monocytes/macrophages ) and as shown 
for the first time, T cell mediated cytotoxicity co ntribute to cell damage.

Evaluation of the biopsies
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4.2. Cytokine secretion patterns of TCLs and TCCs

BeLa K2 Vbbbb 7.1 (100%) CD4+ (100%) subcloning

BeLa K8
Vbbbb5.1 
Vb7.1 

(95%)
(4%) CD4+ (100%) subcloning

BeLa 
K11

Vbbbb7.1
Vb20

(63%)
(35%) CD4+ (100%) subcloning

BeLa 
K10

Vb2
Vb7.1
Vbbbb22

(3%)
(12%)
(86%)

CD4+
CD8+

(16%)
(86%) subcloning

BeLa 
K16

Vb3
Vbbbb7.1

(1%)
(98%)

CD4+
CD8+

(98%)
(2%) subcloning

BeLa 
K19

Vbbbb7.1
Vb2

(99%)
(1%) CD4+ (100%) subcloning

BeLa 
K18

Vb2
Vbbbb7.1

(11%)
(90%) CD4+ (100%) subcloning

BeLa 
K20

Vbbbb 7.1 (98%) CD4+ (82%) subcloning

BeLa 
K23

Vb b b b 13.1 (96%) CD4+ (100%) subcloning

BeLa *1 not detectable CD4+ (100%) 1. cloning

BeLa *2 not detectable CD4+ (100%) 1. cloning

JüS K4 V bbbb22 (100%)
CD4+
CD8+

(99%)
(68%) 1. cloning

JüS K10 V bbbb22 (100%)
CD4+
CD8+

(79%)
(98%) 1. cloning

JüS K12 V bbbb3 (100%) CD4+ 100.0% 1. cloning

JüS K14 V bbbb13.1 (90%)
CD4+
CD8+

(1%)
(97%) 1. cloning

JüS K30
Vbbbb2
Vbbbb4
Vb22

(46.2%)
(49.3%)
(1.5%)

CD4+ 100.0% 1. cloning

TCC Vbbbb expression 
(%)

Phenotype 
(%)

generated 
in 

ChZ K1 not detectable CD4+ (100%) 1. cloning

ChZ K2 not detectable CD4+ (100%) 1. cloning

ChZ K3
Vb2
Vb22

(6.4%(
(6.0%)

CD4+  
CD8+

(99%)
(4%) 1. cloning

ChZ K8 not detectable CD4+ (100%) 1. cloning

BeLa, JüS, ChZ

� TCCs of one patient expressed often the 
same TCR-Vb even if immediate ex vivo
cloning was performed.

� The lymphocyte transformation tests 
(LTTs) of these patients were negative to 
the culprit drugs (data not shown).

� The TCLs and TCCs eluted from the kidney 
were not restricted to the drug (data not 
shown).

TCLs and TCCs were stimulated with aaaa-CD3 and aaaa-CD28 and their cytokine secretion patterns were 
determined by ELISA . 

� T cells of patient BeLa secreted predominantly Th1-like cytokines and T cells of patient JüS produced high amounts of IL-4 and IL-
5 together with low amounts of IFN-gand TNF-a. Very high amounts of cytokines (Th1 or Th2) were detected in the supernatant of 
T cells of patient ChZ.

BeLa

JüS

ChZ

CD4+ 
T cells

CD8+ 
T cells

Neutrophils
Monocytes/
Macroph.

IL-12 IL-5 Fas Perforin

AK 5 5 13 20 Not done Not done 58 26

BeLa 357 26 29 35 Not evaluated 52 83 3

CA 13 50 176 201 Not evaluated 100 16 55

ChSt 134 2 11 74 Not done 57 51 7

GP 88 3 6 23 No done 31 78 12

JüS 566 25 78 78 Not done 60 167 6

The positive cells were counted in the biopsies. Results are shown as the mean of positive cells per mm2.


