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Abstract. Local production of cytokines plays a critical role in

the regulation of pathophysiologic processes leading to rejec-

tion of transplanted organs. In the present study, the possible

role of interleukin-l7 (lL-l7). a recently identified cytokine

with tiniquc properties. was investigated. IL- I 7 is specifically

produced by activated T cells, whereas biological activities arc

restricted 10 the activalion of’ nouhcnlatop(nctic cells. In ‘itro,

IL- I 7 induced �iiii�ary litii�an proxinial tubular epithelial cells,

a type of cell regulating local interstitial inflammatory re-

spouses, to secrete higher levels of’ IL-6, lL-8, and monocyte

chenioultractant pn)tein- I , hut 1101 of the cheiuokine RANTES.

The effect WLLS sl)ecific for IL- I 7, because it was coniplctely

abrogated by a neutralii.ing anti-IL- I 7 antibody and W�S dciii-

onstrated to he tlose- IIIitI tilBe-del)efldeflt. In addition, IL- I 7

increased the production of complement component C3 by

human proximal tubular epithebial cells, but not of other com-

plement components. Immunofluorescence showed expression

of IL- 17 in kidney biopsies from patients suffering from graft
re�cction (8 of’ 8 positive), whereas pretransplant biopsies and

nornuil kidneys were negative (0 of’ 6). Analysis of whole

kidney isolates confirmed the presence of IL- I 7 mRNA by

reverse transcription-PCR. IL- I 7 expression could also he

l�und in in ‘�‘itr() cultured atid activated graft-infiltrating T

cells. These results represent the first demonstration of IL- I 7

protein expression in pathologic conditions and suggest that

IL- I 7 iiiight he ivuportant in the regulation of local inflaniiiia-

tory responses.

Infiltration of grafts with both CD4 � and (‘D8 � T cells plays

an essential role in the initiatu)n and n�aintenance of allograft

rejection, LLfl(1 contributes to the ultiniate destruction of the

target tissue. Cells of’ the nionocyte-macrophage lineage rep-

resent .tnother i iuporl�int coniponent of the al lograft response.

contributing to local inflaniinatory processes leading to rejec-

lion ( I ). Infiltrating T cells and flionocytes supply the local

environnient with a wide variety of cyU)kines, which regulate

nunierous patliophysiologic � such as T cell activation.

growth and di flerentiation into effector ccl Is. as wel I as inflani-
iliat iC)i). Local Production Of cytokines such as interleukin-2

( lL-2 , lL-6, IL- I (1, IL- I 5, and interferon-y ( IFN-y) tiLts been

denionstrated in i�)tll cxperiniental nudels and litinntn renal

allograft rejection (2-5).

l3esides infiltrating cells, ‘�resident” cells of’ the kidney such

L1S tUbular epithelial cells also might have an important role in

the inhiallinlatory response. In vitro studies with human tubular

epithelial cells have denionstrated that these cells can produce

large anR)Uflts of cytokines ( IL-6, tun�or necrosis factor-a
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ITNFa I ) (6 - 8), cheniokines ( IL-8, monocyte chenioattractant

protein-I IMCP-l I, RANTES, ENA-78) (9-IS), and comple-
iiieiit coniponents (C3, C4, factor-B) ( I 6- I 14). Therekwe, tu-

hula epithelial cells might he considered a central cell type in

the local inflaniniatory response and, via the production of

cheniokines, contribute to the regulation of’ interstitial intiltra-

tfl)fl ( I 9).

lnterleukin- I 7 (IL- I 7) is a recently identified cytokine with

unique properties. At present, the family of’ identified IL- I 7

filolecules consists 01 four members: human IL- I 7, moUse

IL- I 7, rat IL- I 7 (which was first identified a5 murine CTLAK),

aiitl I-IVS I 3, an O�Cfl reading frame in Hetyw.ct’ii.u.s S(llF?1l?#{149}l

(20-23). Expression of the lL-l7 molecule is restricted to

activated I cells. In mice. IL- I 7 seems to he expressed lilost

strongly by the CD4 CD8�a�TCR � T cell population (23). In

contrast, in hunians expression is 111(1st pronounced in the

population of activated CD4 � CD4SR() � “nlenlory” T cells

(21,22). Little detailed information is available concerning the

regulation of IL- I 7 production.

Biological activities of IL- I 7 are restricted nlostly to the

activation of nonheniatopoietic stronial cells, such as f’ihro-

blasts, synoviocytes, epithelial cells, and endothelial cells. Ac-

tivation with IL- I 7 results in an increased production ol’ diE-

ferent inflainniatory mediators. including IL-6. I L-S.

granulocyte colony-stiniulating factor, prostaglandin E2, and

nitric oxide (2 I --24). In the niouse, a receptor for IL- 17 has

been identified and cloned (25). The gene codes for a type I



Figure 2. Effect of interleukin- 17 (IL- 1 7) on cytokine production. PTEC ( 10� cells/mb) were cultured as described in Materials and Methods.

Cells were activated with recombinant IL- 17 (50 ng/ml), a similar concentration of mock transfectant, or medium alone, as indicated. After 72 h,

supernatants were harvested and tested for IL-6 (A), IL-8 (B), monocyte chemoattractant protein-l (MCP-1) (C), and RANTES (D), by specific

enzyme-linked immunosorbent assay. Data indicated are representative of experiments with seven different PTEC lines, and shown are the

mean production (± SD) of duplicate cultures.
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Figure 1. Morphologic appearance of cultured proximal tubular epithelial cells (PIEC). Cultured PTEC show the characteristic morphology

as described by Detrisac et al. (26). Cells have been grown to confluence, and the beginning of dome formation can be observed.

transmembrane protein of 864 aa, with no homology to one of

the known cytokine receptor families. Northern blot analysis

showed that the gene is expressed broadly, including most

organs. Of note, a very strong expression was found within the

kidney, but no information is available regarding its cellular

distribution.

Because renal allograft rejection represents a major inflam-

matory state, we have explored the possible presence and

function of IL- 17 in such a microenvironment. In this study, we

show that IL-17 enhances the production of IL-6, IL-8, and

MCP-1, as well as complement component C3, by proximal

tubular epithelial cells (PTEC), and that IL- I 7 producing cells

can be identified within rejected kidney abbografts.

Materials and Methods
Cell Cultures

Proximal Tubular Epithelial Cells. PTEC lines were cultured

from cortex tissue of human kidneys not suitable for transplantation

because of anatomical reasons or from renal biopsies ( 17,26). PTEC

monobayers were cultured on a matrix of collagen type I (Sigma

Chemical Co., St. Louis, MO) and heat-inactivated fetal calf serum

(Life Technologies, Breda, The Netherlands) in a selective medium
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ance and immunofluorescence staining, as described ( I 7). Primary

cell lines were used for experiments between passages 2 and 7 of

culture.

T Cell Cultures. Graft-infiltrating I cell lines were generated by

placing small fragments of biopsies or transplantectomy tissue in

-0-- IL-17 Iscove’s modified Dubbecco’s medium supplemented with 10% fetal

#{163} contr calf serum and penicillin-streptomycin (all from Life Technologies),
with the addition of 10 U/mI recombinant IL-2 (rIL-2) (a kind gift of

Dr. P. Schrier, Leiden University Medical Center). When cells had

grown out of the tissue, they were maintained in culture medium with

10 U/mb Lymphocult I (Biotest Diagnostics, Dreieich, Germany) as a

I cell growth factor and stimulated weekly with irradiated (30 Gy)

peripheral blood mononuclear cells (106/ml) and OKT3 (anti-CD3;

iO� diluted ascites; American Type Culture Collection, Rockvible,

MD).

Reagents

Recombinant human IL-17 (rhIL-17) was produced in NSO cells

and purified as described before (2 1 ). As a control, mock transfectant
-�0- IL-li supernatant was generated and purified in a similar manner. The

A contr antibody mAb5 (IgG 1 ) was raised against recombinant IL- I 7, as

described (21), and used in culture at a final concentration of 10

�g/ml.

Culture and Activation Experiments

For induction of cytokine production, P1’EC were trypsinized and
seeded in complete Dubbecco’s modified Eagle’s medium/Ham’s F-l2

medium in a volume of 1 ml and in a final PTEC concentration of 1 X

i0� cells in 24-well plates. PIEC were activated with rhIL-l7 at a

final concentration of 50 ng/ml, unless indicated otherwise. Superna-

tants were harvested after 72 h of culture and frozen before analysis

of cytokine production.
-�0--- IL-17 For induction of IL- 17 expression, I cells or PTEC were stimulated

A contr with a combination of phorbol myristate acetate (PMA; 1 ng/mb) and

ionomycin (0.5 �g/ml) (both from Sigma) in a final concentration of

106 cells/ml and l0� cells/mb, respectively. Cells were harvested after

22 h of activation, and total RNA was isolated.
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Figure 3. Dose-dependent effects of IL- 17 on IL-6, IL-8, and MCP-l

production by PTEC. PTEC (l0� cells/ml) were cultured as described,

and activated with increasing concentrations of IL- 17 or mock trans-

fection supernatant, as indicated. After 72 h, supernatants were har-

vested and tested for IL-6 (A), bL-8 (B), and MCP-l (C) production.

Data indicated are representative of experiments with four different

PTEC lines, and shown are the mean production (± SD) of duplicate

cultures.

consisting of a 1 : 1 ratio of Dulbecco’s modified Eagle’s medium and

Ham’s F-12 (both from Seromed Biochem, Berlin, Germany), sup-

plemented with insulin (5 j.�g/ml), transferrin (5 j.�g/ml), selenium (5

ng/ml), hydrocortisone (36 ng/ml), tri-iodothyronine (40 pg/mI), and

epidermal growth factor (10 ng/ml) (all from Sigma). For passage of

the cultures, cells were harvested by trypsinization with 0.02% (wt/

vol) ethylenediaminetetra-acetic acidl0.05% (wtlvol) trypsin (Sigma).

Specific outgrowth of PTEC was confirmed by morphologic appear-

Time (hrs)

Figure 4. Kinetics of IL-8 production by PTEC after stimulation with

IL-17. PTEC (l0� cells/mI) were cultured as described, and activated

with bL-17 (50 ng/ml) or mock transfectant. Supernatants were har-

vested at the indicated time points and tested for IL-8 production. Data

indicated are representative of experiments with three different PTEC

lines, and shown are the mean production (± SD) of duplicate

cultures.
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Figure 5. IL-b7-induced effects on cytokine production are completely inhibited by a neutralizing anti-IL-b7 antibody. PTEC (l0� cells/ml)

were cultured as described, and activated with IL-17 (50 ng/ml) or mock transfectant. Neutralizing monocbonal antibody against IL-17 (mAb5;

I 0 �g/ml) or similar concentrations of an isotype-matched control (IgG 1) was added, as indicated. After 72 h, supernatants were harvested and

tested for IL-6 (A), IL-8 (B), and MCP-l (C) production. Data indicated are representative of experiments with three different PTEC lines, and

shown are the mean production (± SD) of duplicate cultures.
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Determination of Cytokine and Complement Production

Production of cytokines by cultured epithebial cells was measured

in the culture supernatants by immunoassays specific for human

cytokines. Details on the measurement of IL-6 (27), IL-8 (10), MCP-l

(I 1), and RANTES (14) have been described in previous reports. The

stimulation index of IL-17 on different cytokine productions was

calculated as the ratio of the production in the presence of IL-17

divided by the basal production in the absence of IL-l7. Production of

complement components was determined by sandwich enzyme-linked

immunosorbent assay, as described before (28).

RNA Isolation and Reverse Transcription-PCR Analysis

For PCR analysis of growing cells, total RNA was isolated using
RNAzol, a method based on the guanidinium chloride isolation (29),

according to the manufacturer’s instructions. For isolation of total

RNA of whole kidney, cortical tissue was cut into small pieces,

snap-frozen in liquid nitrogen, and isolated by lithium chloride/urea

precipitation. Briefly, tissue pieces were minced in 10 ml of 3 M

LiCl/6 M urea, followed by overnight precipitation at -20#{176}C. Next,

samples were centrifuged for 30 mm at 10,000 rpm, and the pellet was

resuspended in RNAzoI and further processed as described for cell

suspensions. Quantity and purity of RNA preparations were deter-

mined by measuring the absorbance at 260 and 280 nm.

Fixed amounts of total cellular RNA, either isolated from cell

suspensions or from whole kidney, were reverse-transcribed into

eDNA by oligo(dI) priming, using Moloney murine leukemia virus

reverse transcriptase (Life Technologies). The amplification of cDNA

by PCR was performed using the primers as follows: �-actin (30)

forward 5’-CIACAAIGAGCIGCGIGIGG-3’ and reverse 5’-

AAGGAAGGCTGGAAGAGIGC-3’, IL- 17 (2 1 ) forward S ‘-AT-

GACTCCTGGGAAGACCICATTG-3’ and reverse 5’-’ITAGGC-
CACAIGGIGGACAAICGG-3’, with the respective products 527

Table 1. Effect of IL- 17 on the production of various complement components by human PTEC in vitro�’

Experiment Addition
Complement Pro duction (ng/ml)�’

C2 C3 C4 fH

1 None

IL-17

0.40 (0.10)

0.35 (0.03)

14.0 (0.5)
98.3 (9.6)

0.16 (0.03)

0.20 (0.01)

0.67 (0.02)

0.58 (0.15)

2 None

IL-17

0.39 (0.06)

0.39 (0.02)

27.2 (4.2)

84.5 (2.1)

0.23 (0.03)

0.16 (0.04)

0.74 (0.21)

0.57 (0.09)

3 None

IL-l7

1 .60 (0. 1 8)

1.88 (0.15)

52.4 (8.6)

107.0 (12.1)

0. 1 1 (0.04)

0.07 (0.03)

0.38 (0.04)

0.28 (0.11)

aData indicated are the mean (SD) of duplicate cultures. IL-l7, interbeukin-17; PTEC, proximal tubular epithelial cells; ff1, factor-H.
b PTEC (l0� cells/mb) were cultured as described and activated with IL-17 (50 ng/mb) or mock transfectant. After 72 h, supernatants

were harvested and tested for production of various complement components by specific enzyme-linked immunosorbent assays.
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Figure 6. PCR analysis of IL- I7 expression in whole kidney tissue.

Total RNA was isolated from whole kidney tissue, reverse-tran-
scribed, and a PCR for �-actin and IL- 1 7 was performed. Tissue was

obtained from a normal kidney not suitable for transplantation be-

cause of anatomical reasons, and from a transplanted kidney that was

resected because of severe interstitial and vascular rejection. Shown is

the ethidium bromide staining of PCR products analyzed on a 1%

agarose gel.

and 467 bp in size. PCR amplification was performed under standard

conditions (50 mM KC1, 10 mM Tris-HC1, pH 8.4, 2 mM MgCb,, 0.06

mg/mi BSA, 0.25 mM dNTP, 25 pmol of each primer, and 1 U of Iaq

polymerase: Perkin Elmer, Norwalk, CT) by 35 cycles of the follow-

ing scheme: I .5 mm at 95#{176}C,2.5 mm at 60#{176}C,and I .5 mm at 72#{176}C,

followed by 10 mm of primer extension at 72#{176}C.

PCR products were analyzed on a I % agarose gel containing

ethidium bromide. Final results were registered using the Eagle eye

(Stratagene, San Diego, CA), and for reasons of clarity, the images

were black/white inverted.

Iminunofluorescence Staining

For immunotluorescence detection of IL- 17 in renal tissue, we used

two donor kidneys that were not suitable for transplantation because

of anatomical reasons, unaffected parts of two kidneys resected for

adenocarcinoma, three pretranspbant kidney biopsies, five percutane-

ous biopsies of allografted kidneys with rejection, and three biopsies

of renal transplantectomies, with rejection. Details of the patient

material are given in Table 2.

Frozen tissue sections of4 �tm were fixed for 10 mm in water-free
acetone at room temperature. After washing and blocking endogenous

peroxide with 0.03% H,O,, sections were incubated with 20 p�g/ml
mAb5 (mouse IgG I antihuman IL- I 7) or 20 �g/ml total mouse IgG in

incubation buffer containing 0. 1 M Iris-HC1, 0. 15 M NaCI with 0.5%

Boehringer blocking reagent (Boehringer Mannheim, Germany) for

45 mm. After washing with phosphate-buffered saline (PBS), sections

were incubated with 1/50 diluted horseradish peroxidase-labebed rab-

bit anti-mouse Ig (DAKO, Glostrup, Denmark) in incubation buffer

with 10% normal human serum for 30 mm. Thereafter, slides were

washed with PBS containing 0.05% Tween 20 (OPG Farma, Utrecht,

The Netherlands), pH 7.4, followed by washing in PBS, and incubated

with 0.5 �tg/ml tyramide-fluos (New England Nuclear-Dupont,

Dordrecht, The Netherlands) in 0.2 M Tris-HCI, 10 mM imidazole

(Sigma), pH 8.8, with 0.01% H20,, for 30 mm (31). After wash-

ing in PBS/Iween and PBS, slides were mounted with 0. 1 % (wtlvol)

P-phenylenediamine (Sigma) in glycerol. Photographs were taken

using Kodak IX-400 film on a Leitz microscope with a 4 mmBG 38

+ 5 mmBG I 2 filter for FITC.

Results
JL- I 7 Enhances IL-6, IL-8, and MCP- 1 Production by

Human PTEC

To investigate the effect of IL- 17 on the activation of renal

epithelial cells, primary cultures of human PTEC were estab-

lished (Figure 1 ). Between passages 2 and 7, cells were cub-

tured in 24-well plates in a concentration of I X i0� cells/ml

and incubated with IL-17. rhIL-l7 was used in a concentration

of 50 ng/ml, in accordance with previous experiments using

fibroblasts (2 1 ). As a control, similar concentrations of mock

transfection supernatants were used. After 72 h of culture,

supernatants were harvested and tested for cytokine production

by specific immunoassays. Production of IL-6, IL-8, and

MCP- 1 was increased by the addition of IL- 17 (Figure 2, A

through C), but not by mock transfection supernatants. In seven

independent experiments with different PTEC lines, the mean

stimulation index was 2.6 (range, 2.2 to 3.0), 2.9 (range, 2.0 to

5.3), and 2.4 (range, 1 .2 to 5.6) for IL-6, IL-8, and MCP-1,

respectively. No RANTES production could be detected under

either nonstimubated or IL- 17-stimulated conditions (Figure

2D). These data indicate that IL- 17 enhances the production of

certain cytokines by primary PTEC cells.

Specificity of JL- I 7-induced Cytokine Production by

Human PTEC

Stimulation of PTEC with increasing concentrations of

IL- I 7 revealed that maximal effect on cytokine secretion oc-

curred at relatively high concentrations of 50 ng/ml. To cir-

cumvent artificial conditions, no higher concentrations were

tested. Comparable dose-response curves were observed for

IL-6 (Figure 3A), IL-8 (Figure 3B), and MCP-l (Figure 3C).

When cultures were followed in time, a continuous increase in

cytokine production was observed during a 5-d culture period

(Figure 4). The enhancement of cytokine secretion by IL-l7

was observed during the whole culture period, as illustrated by

IL-8 production.

The enhancement of cytokine secretion was indeed due to

IL- 17, because it was totally abrogated with a neutralizing

anti-IL- 17 monocbonal antibody (Figure 5). Similar concentra-

tions of a control IgG 1 antibody showed no effect on IL-6

(Figure 5A), IL-8 (Figure SB), or MCP-l (Figure SC) produc-

tion induced by IL- 1 7. Note that the anti-IL- 1 7 had no inhib-

itory effect on the constitutive cytokine production by PTEC.

iL-i 7 increases Production of Complement Factor C3

by PTEC

Besides the production of cytokines and chemokines, PTEC

have been demonstrated to contribute to the local production of
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complement components within the kidney (16-18). There-

fore, we analyzed the production of complement components

C2, C3, C4, and factor-H after activation with IL-17. Addition

of a fixed amount of IL- I 7 (50 ng/mb) showed no effect on the

production of C2, C4, or factor-H by PTEC (Table 1). How-

ever, IL-17 induced a strong increase in the production of

complement component C3, as measured by enzyme-linked

immunosorbent assay. Therefore, IL- 1 7 can also contribute to

a local inflammatory response by an increased production of

C3.

iL-i 7 mRNA Can Be Detected in Kidney Allografts

with Rejection

To further explore the importance of IL- 17 in renal inflam-

mation, IL- 17 expression was investigated. At first, we studied

mRNA expression in renal tissue with rejection, and compared

this with kidney cortex from freshly removed organs that could

not be transplanted because of anatomical reasons. At the

mRNA level, semiquantitative reverse transcription (RT)-PCR

analysis demonstrated the presence of IL- 17 in the rejecting

kidney (Figure 6). In contrast, no IL- 17 expression was ob-

served in normal kidney tissue, whereas comparable amounts

of �-actin could be detected within this tissue (Figure 6A).

Although we can demonstrate the presence of IL- I 7 mRNA,

this approach does not give information on the distribution of

IL-17 expression.

iinmunofluorescence Detection of IL- 1 7 Protein

To investigate in more detail the expression of IL- 17 protein,

immunofluorescence stainings were performed with the anti-

IL- I 7 monoclonal antibody mAb5. In 8 of 8 cases of rejection

tested, the presence of infiltrating cells staining positive for

IL-17 could be demonstrated (Figure 7). The eight cases of

rejection consisted of either biopsy or transplantectomy mate-

rial (Table 2). The biopsies were scored according to the Banff

classification (32). Note that the samples were obtained at

various time points after transplantation (from 9 d to 7 yr). In

some cases, IL-17 staining was observed in lymphocytes infil-

trating the tububi, thereby reflecting tubulitis (Figure 7D). By

contrast, no IL-17-containing cells could be detected in any of

the control kidney biopsies (Figure 7B) or in any of the

stainings with control antibody (Figure 7A).

Figure 7. Immunofluorescence staining of IL- 17 in renal tissue. Cryosections were stained for IL- 1 7 expression by the tyramide-fluos method.

Shown are a rejection biopsy stained with control IgG (A), a pretransplant biopsy stained with mAb5 (B), and rejection biopsies stained with

mAb5 (C and D). Magnification: X250 in A through C: X400 in D. Staining for IL-l7 was restricted to the cells infiltrating the interstitium,

and not observed in glomeruli or in tubular epithelial cells (Panel C). In some cases, IL- I 7-positive lymphocytes were found within the tubuli,

reflecting tubulitis (Panel D).
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Table 2. lmmunofluorescence staining of IL-17 in

renal tissue#{176}

.
Renal Tissue

Time after
.

Transplantation
Banff Grade IL- I 7

Normal kidney

Normal kidney

Tumor kidney

Tumor kidney

Pretransplant

Pretransplant

Pretransplant

Biopsy

Biopsy

Biopsy

Biopsy

Biopsy

Tx

9 d

9d

3 mo

11 mo

2 yr

3wk

Normal

Normal

Normal

Normal

Normal

Normal

Normal

IA

IIA

hA

lB

IA

IIB

-

-

-

-

-

-

-

+

++

+

++

+

++

Tx Swk lB ++

Tx 7yr IIB +

a Cryosections were prepared from normal kidneys not suitable

for transplantation (n = 2), normal parts of tumor kidneys (n 2),

pretransplant biopsies (a = 3), posttransplant biopsies (ti = 5), and
transplantectomy specimens (a = 3), and stained as described in
Materials and Methods. Diagnosis of rejection was based on
histologic criteria and scored according to the Banff classification
(32). Degree of staining of the infiltrating cells was analyzed
semiquantitatively, according to the following scale: - , no positive
cells; +, few positive cells; ++, many positive cells. Ix,
transplantectomy specimen.

Expression of IL- 1 7 in Activated Graft-Infiltrating

T Cells

To confirm the identity of the cells that might contribute to

the expression of IL- 17 during allograft rejection, both PTEC

and infiltrating I cells were grown out of renal biopsies. After

establishment of the cell lines, cells were activated using a

combination of PMA and ionomycin, and tested for IL- I 7

expression by RT-PCR analysis. No signal for IL-l7 could be

detected in 4 of 4 PTEC cell lines, whether the cells were

stimulated or not (Figure 8). In contrast, IL-17 was induced in

graft-infiltrating T cells, when activated with a combination of

PMA and ionomycin for 22 h (Figure 8).

Discussion
The present study demonstrates that IL-17 mRNA and pro-

tein can be detected within kidneys undergoing albograft rejec-

tion. The relevance of these findings to the local inflammatory

response is suggested by the considerable increase in the pro-

duction of inflammatory mediators such as IL-6, IL-8, and

MCP-l by renal epithelial cells in response to IL-17. It is

thought that the release of chemokines by tubular epithelial

cells may be critical for the regulation of the local accumula-

tion of inflammatory cells (19,33). This process allows an

amplification of the initial alloantigen-specific response into a

nonspecific inflammatory reaction that ultimately results in the

rejection of the graft.

Until now, most studies have investigated the effect of IL- 17

on the production of IL-6 in a variety of nonhematopoietic

human cells, including synoviocytes, skin and foreskin fibro-

blasts, brain endothelial cells, bronchial epithelial cells, a lung

fibroblast cell line, and two kidney carcinoma cell lines (21-

25). For rheumatoid synovial cells, it was shown that IL-l7

stimulation also leads to an increase in IL-8, prostaglandin E2,

and granubocyte colony-stimulating factor (21). In the present

study, we demonstrate that besides IL-6, IL- 1 7 also increases

the production of IL-8, MCP- I , and complement component

C3 by human PTEC. When we compared the effects of IL-17

with the effect of IL-I, a potent activator of PTEC (8-1 1,18),

the stimulatory capacity of IL- 17 was less robust. However, it

has been suggested that IL- 17 can work in concert with other

inflammatory mediators (2 1 ). In recent experiments, we found

that PTEC are stimulated synergistically by combination of

IL-l7 and CD4O ligand, for which a functional CD4O receptor

was demonstrated at the surface of human PTEC (14). The

present findings expand the number of inflammatory mediators

induced after IL- 17 activation. However, IL- 17 showed no

effect on the production of RANTES by PTEC. This suggests

that the local expression of IL- 17 might result in a selective

production of chemokines.

The immunohistochemical analysis indicates that IL- 17 is

found within the infiltrating lymphocytes, an observation con-

sistent with the earlier notion that this cytokine is essentially

the product of activated T cells. There has been a discrepancy

between mice and men concerning the major source of IL- 17

production. In mice, the CD4CD8a�� T cells are thought to

be responsible for IL-l7 production (23), whereas in humans

the CD4�CD45R0� population of T cells has been demon-

strated to be the major source (21 ,22). Our RT-PCR analyses,

showing IL-17 expression in activated graft-infiltrating I cells

(consisting of CD4� and CD8� single positive T cells, as

demonstrated by FACS analysis [14% + 83% and 86% + 16%

respectively]), would be in accordance with the latter.

The present study is the first demonstration of IL- I 7 protein

staining in human tissue. The lymphocytes staining positive for

IL- I 7 in renal biopsies with rejection were scattered through-

out the interstitium or, possibly more relevant to this study,

were concentrated around some tubuli. Unfortunately, we have

not succeeded in performing double-staining experiments,

which could confirm an in vivo link between IL- 1 7 expression

and increased production of inflammatory mediators. IL- 17

protein was identified in kidneys at different stages of the

rejection process, when considering the time length after trans-

plantation and the level of severity of the rejection. No staining

for IL-l7 was observed in biopsies from kidneys without

rejection, being derived of different origin (normal kidney not

suitable for transplantation, normal parts of tumor kidneys, or

pretransplant biopsies).

Recently, IL- I 7 expression has been investigated in a larger

series of biopsies, using competitive RT-PCR (34). From this

study, using 40 transplant biopsies, it was concluded that IL-17

transcripts were solely, but not reliably, observed in rejection

samples. A drawback of the RT-PCR approach is that there is

no information on the localization of the transcripts. In addi-
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Figure 8. PCR analysis of IL-17 expression in in vitro-activated I cells and PTEC lines. Expression of IL- 17 was investigated in both cultured

graft-infiltrating I cells (top) and cultured PTEC (bottom). Cells were either nonactivated or activated with a combination of phorbol myristate

acetate (I ng/ml) and ionomycin (0.5 j.tg/ml) (indicated with 5) for 22 h. Total RNA was isolated and analyzed by reverse transcription-PCR.

Iwo representative cases out of four experiments are indicated for both I cells and PTEC. I cell lines consisted of 14% CD4, 83% CD8 cells

and 86% CD4, 16% CD8 cells, respectively. For both I cells and PTEC, the first sample represents the cells grown from the transplantectomy

tissue described in Figure 6.

tion, the fact that the specific transcript is diluted in an excess

of mRNA from cells that do not express the specific transcript

could possibly lower the sensitivity of the method. This could

explain the fact that we observed expression of IL- 1 7 in 8 of 8

cases tested. However, additional studies will be required to

eventually establish a correlation between the expression of

IL- 17 with the severity of graft rejection.

Whether the IL- 1 7 detected in the rejected kidneys plays a

direct robe in the development of cytotoxic T cells remains

unclear. The IL- 17 cDNA was initially isolated from a murine/

rat cytotoxic T cell hybridoma (20), hence the first name

CTLA-8 (cytotoxic T lymphocyte antigen-8), and was reported

to play a role in the proliferation of murine T cells (25).

However, at present there is no evidence that IL- 17 directly

affects the growth and maturation of human T lymphocytes

(21).

All available evidence indicates that IL-l7 is specifically the

product of activated I cells. It has been proposed that the

balance of Thl/Th2 cytokines might be of importance for the

difference between tolerance and rejection after transplantation

(2,35). However, IL-17 has not yet been placed within the

Thl/Th2 paradigm, and its contribution to this process is at

present unknown.

In conclusion, our study extends the recent findings that

IL- 1 7 is an important inducer of several cascades of cytokines

and inflammatory mediators. In addition, it confirms the

unique properties of this cytokine in that it is exclusively

produced by activated T cells, whereas biological activities are

restricted to the activation of nonhematopoietic cells. In this

respect, IL- 17 seems to make an important link between the

specific immune system and inflammatory processes. With

regard to kidneys, the PTEC may indeed be a central cell type

in the regulation of tububointerstitial inflammation. Further

exploration of the role of IL- 17 in the graft rejection process,

which necessitates investigation of IL-b7 in animal models of

transplantation, may lead to new insights in the disease process

and may represent a novel target to antagonize.
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