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Possible role for cytotoxic lymphocytes
in the pathogenesis of acute interstitial nephritis
after recombinant interleukin-2 treatment for renal cell cancer
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Abstract. A patient with renal cell cancer developed acute
renal failure due to biopsy-proven acute tubulo-interstitial
nephritis (AIN) in the 6th week of continuous infusion of
9 x 106 IU m~2 day-! recombinant interleukin-2 (rIL-2).
We investigated whether the AIN was the result of a cellu-
lar cytotoxic reaction induced by the rIL-2 treatment. The
cytolytic activity of cryopreserved peripheral blood lym-
phocytes (PBL), isolated before and at the end of the rIL-2
treatment (at the time of AIN), was studied after 5 days of
culture with or without rIL-2 or anti-CD28 and immobi-
lized anti-CD3 antibodies. The PBL isolated before and at
the end of the rIL-2 treatment showed cytolytic activity
towards a number of allogeneic targets. However, only the
PBL isolated at the end of the rIl.-2 freatment showed,
when stimulated with rIL-2 in vitro, significant cytolytic
activity against an autologous renal cell line cultured from
the AIN biopsy specimen and against an allogeneic renal
cell cancer cell line. These PBL displayed no enhanced
killing capacity towards autologous PBL and the melano-
ma cell line M14. These observations suggest that the AIN
may be the result of a cytotoxic lymphocyte-mediated reac-
tion induced by the rIL-2 treatment,
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Introduction

The immunological nature of acute (tubulo)interstitial ne-
phritis (AIN) is well established [20]. Experimental data
indicate that the loss of immunological tolerance towards
endogenous tubulo-interstitial antigens is the hallmark of
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the pathogenesis of AIN. Helper (CD4+) T cells, respond-
ing to these antigens, may activate B and effector (CD8+)
T lymphocytes. Antigen-specific delayed hypersensitivity,
cell-mediated cytotoxicity, complement-mediated cytotox-
icity or antibody-dependent cellular cytotoxicity (ADCC)
may lead to tubulo-interstitial damage. The tubulo-intersti-
tial inflammatory infiltrate mainly consists of macrophages
and helper and cytotoxic (CD8+) T lymphocytes and may
be associated with the deposition of immune complexes or
specific antibodies along the tubular basement membrane,
depending on the underlying pathogenic mechanism. In
man, antigen-specific cell-mediated injury is most com-
mon. The disorder is mostly triggered by an infection or the
use of dmgs [7, 20]).

Immune-mediated renal injury is well documented in
patients with cancer including renal cell carcinoma and in
patients treated with various modes of immunotherapy
[11, 18]. Mostly the renal involvement consists of glomer-
ular damage due to immune-complex deposition. The na-
ture of the antigen is not well established [3, 14]. Tubulo-
interstitial abnormalities are uncommon [3], and only a few
cases of clinically apparent interstitial nephritis in these
patients have been reported [1, 10, 28].

Renal failure occurring during treatment with recombi-
nant interleukin-2 (rTL-2) is mostly attributed to hypoper-
fusion of the kidneys, and 1s usually reversible after discon-
tinuation of rIL-2 administration {4, 26]. However, the
presence of intrinsic renal lesions is suggested by recent

- functional studies [25], the occasional occurrence of urine

sediment abnormalities [4], proteinuria [2] and biochemi-
cal evidence of proximal tubular injury {26]. The patholog-
ical features, consisting of interstitial lymphoid infiltrates
with tubular dilatation and atrophy, are poorly correlated
with the clinically apparent renal dysfunction [16]. Re-
cently, a case of histologically documented AIN has been

-described in 2 melanoma patient following treatment with

rIL-2 and lymphokine-activated killer cells [10]. We ob-
served a case of acute renal failure due to biopsy-proven
acute tubulo-interstitial nephritis (AIN) during treatment
with rTL-2 alone for advanced renal cell cancer (8]. In the
present study we show that the cytotoxic capacity of in



vitro activated peripheral blood lymphocytes (PBL) 1solat-
ed at the end of the rIL-2 treatment (at the time of the AIN)
was enhanced towards an autologous renal cell line cul-
tured from the AIN biopsy specimen and an allogeneic
renal cancer cell line, but not towards autologous PBL or
the allogeneic melanoma cell line M 14.

Case report

A 58-year-old Caucasian man with pleural metastases from renal cell
carcinoma underwent left-sided nephrectomy prior to treatment with
rIL.-2. The nephrectomy specimen showed renal adenocarcinoma with
extensive lymphocytic infiltration. No abnormalities were seen in the
contignous renal parenchyma. Continuous infusion over 24 h of
0 x 100IU/m? rIL-2 (Euro-Cetus, Amsterdam, the Netherlands) was
started through a central venous access for a period of 6 weeks according
to a phase I protocol on an out-patient basis [27]. At the end of the
6th week of treatment, oliguria with acute renal failure developed
without signs of vascular leakage syndrome. Treatment with rlL-2 was
discontinued. Persistent renal failure prompted hagmodialysis. A surgical
biopsy specimen of the right kidney taken 2 weeks after discontinuation
of the rIl.-2 treatment showed normal glomeruli with a dense interstitial
infiltrate consisting of lymphocytes, plasma cells and eosinophilic and
neutrophilic granulocytes. This infiltrate extended into the tubules. Im-
munofluorescence examination with antibodies against IgG, IgM, IgA,
total complement, and complement factors B1A and Clqg showed no
glomerular or specific tubular deposition (F. J. W. ten Kate, Department
of Pathology, Erasmus University, Rotterdam, the Netherlands).
Methylprednisolone pulse therapy resulted in normalization of the renal
function. Four months later the patient died from rapid tumour progres-
sion. A request for autopsy was not granted.

Materials and methods

Preparation of effector cells: Peripheral blood of the patient was col-
lected in preservative-free heparin and mononuclear cells were isolated
by centrifugation on Ficoll/Hypaque density gradients and were stored in
liquid nitrogen until testing. Samples were taken before and at the end of
the 6 weeks of rIL.-2 treatment.

After thawing, the isolated peripheral blood lymphocytes (PBL) were
cultured for 5 days in medium consisting of Iscove’s modified Dul-
becco’s medium (IMDM) with 3% pooled human serum, 100 U/ml peni-
cillin and 100 j1g/ml kanamycin and in medium with 600 IU/ml rIL-2. In
order to induce T cell proliferation and activation the PBL. were cultured
in medium with 600 U/ml rIL-2 plus anti-CD28 (1 )lg/ml) and immobi-
lized anti-CD3 (0.5 pg/well) antibodies for 5 days [21].

The biopsy specimen of the interstitial nephritis (0.1 cm3) was
minced, homogenized and centrifuged aver Ficoll/Hypaque. From the
homogenate 0.9 x 10% lymphocytes and 0.1 x 108 non-lymphocytic
cells were 1solated. Unfortunately, the cryopreserved kidney-infiltrating
lymphocytes were not viable after thawing so they could not be used as
effector cells,

Because the nephrectomy specimen containing the renal cell cancer
consisted merely of non-viable cells and was infected, neither tumour-
infiltrating lymphocytes nor a renal tumour cell line could be cultured.

Preparation of target cells. A slowly growing cell line was cultured from
the 0.1 x 106 non-lymphocytic cells isolated from the renal biopsy
specimens at the time of AIN. These cells were considered to be non-
malignant human epithelial cells of renal origin (autologous renal cell
line, ARCL). They stained positively with the monoclonal antibodies
G250 (IgG1) and RC38 (IgG1) and with monoclonal antibodies directed
to HLLA-class I, P2-microglobulin and o-keratin [22, 23]. The other tar-
gets consisted of the renal cancer cell line BA, which was generated from
a renal cell carcinoma of another patient, the natural-killer-cell(NK)-re-
sistant melanoma cell line M14, the NK-sensitive erythroleukemia cell
line K562 and autologous PBL sampled before rIL-2 treatment.

The cell lines ARCL, BA, M14 and K562 were cultured in medium
consisting of IMDM with 10% fetal calf serum, 100 U/ml penicillin and
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Table 1. Distribution of the surface antigens of the peripheral blood
effector lymphocytes before and at the end of 6 weeks recombinant-inter-
leukin-2 (rIL-2) treatment cultured in medium alone, in medium with
600 IU/ml rIl-2, or in medium with 600 IU/ml rIL-2 with anti-CD23
(1 pg/ml) and immobilized anti-CD3 (0.5 pg/well) antibodies

Antigen Percentage of cells positive

— e

6 weeks after rI[_-2

Before rll.-2

Mt -

Medium +rIL-2 +IL-2 +mAb* Medium +rIL-2 +IL-2 +mAb?

CD3 50 45 80 20 30 50
TCRop 45 45 30 15 30 55
CD4 30 25 60 15 15 40
CD8 25 25 20 106 300 200
CDS6 10 10 0 20 50 20
CD25 3 2 75 1 35 50

s mAb: anti-CD28 (1 ug/ml) plus immobilized anti-CD3 (0.5 pg/well)
b The percentage of CD8* is strongly influenced by the presence of a
significant number of CD8¢m natural killer cells

100 pg/mi kanamycin. The PBL were cultured 1in IMDM with 5% pooled
human serum, 100 U/ml penicillin and 100 pg/ml kanamycin for § days.

Cell-mediated cytotoxicity assay. Samples containing 1 X 10? labelled
target cells (11 UCi 21Cr/10% cells, Amersham, Buckinghamshire, UK)
were incubated in V-bottom microtiter plates with 3 x 10% effector cells
in 150 ul IMDM with 0.25% bovine serum albumin. The plates were
centrifuged for 5 min at 50 g and incubated at 37° C and 5% CO; for 4 h.
After the incubation period 100 ul supematant was collected from each
well and counted in a gamma counter. All tests were carried out in
triplicate. The spontaneous and the maximal release (cpm) were deter-
mined by incubation of targets in medium without effectors or in deter-
gent (Tniton-X100) respectively. The percentage specific lysis was calcu-
lated by the formula [(experimental release — spontaneous release)/(max-
imal release — spontaneous release)] % 100.

Immuno-phenotyping of PBL effector cells. Cell surface phenotyping of
the isolated PBL was performed by fluorescence-activated cell sorter
(FACScan), Becton-Dickinson) analysis using monoclonal antibodies
against the surface antigens CD2 (CLB-T11.1/1, Central Laboratory of
Blood Transfusion Service, CLB, Amsterdam, the Netherlands), CD3
(SPV-T3b, Netherlands Cancer Institute), CD4 (Ortho Diagnostics, Til-
burg, the Netherlands), CD8 (Ortho Diagnostics, Tilburg, the Nether-
lands), CD25 (TB30, CLB), TCRafS (BMA 031, Kurrle R, Behring
Werke, Marburg, FRG), and CD56 (Leul9, Becton-Dickinson, Etten-
Leur, the Netherlands).

Immuno-phenotyping of the mononuclear infiltrate of the renal cell car-
cinoma and the interstitial nephritis. Immuno-phenotyping of the lym-
phocytes was performed on the cellular infiltrate of the nephrectomy
specimen of the original renal cell carcinoma and the biopsy demonstrat-
ing the tubulo-interstitial nephritis taken 2 weeks after discontinuation of
the rIL-2. Immunohistochemical assays were performed on fresh frozen
sections using an indirect immunoperoxidase technique. To inhibit endo-
genous peroxidase activity, slides were preincubated in a HaOz/acetone
solution (3: 10000) for 10 min at room temperature. The following anti-
bodies were used: anti-CD4 (Dako-T4, Glostrup, Denmark), anti-CD8
(Dako, Glostrup, Denmark), anti-CD16 (Netherlands Cancer Institute),
anti-CD25 (Becton Dickinson) and anti-CD56 (Becton Dickinson).

Results

Characterization of the effector cells

The surface-marker profile of the PBL used as effector
cells, sampled before and at the end of the 6 week rIL-2

treatment, 15 presented in Table 1. After 6 weeks of rIL-2



212

[+
40 % lysis flgure -ta
rit.-2 + Moabs
35
30
25
20
15
10
5
0
-5
before and bafore end before and
80 % lysis figura 1b
medium riL-2 4 Moabs .2

70
o0 BA
s04{ B Ks62 iy

| M4 v i
40
30 5 |
20
10
0

hefore ond hefore end before gnd

Fig. 1. In vitro cytotoxic activity (& standard deviation) of the peripheral
blood lymphocytes isolated before and at the end of continuous recombi-
nant interlenkin-2 (rIl-2) treatment for 6 weeks against various autolo-
gous (a) and allogeneic (b) targets. The effector peripheral blood lym-
phocytes (PBL) were cultured for 5 days in medium alone, or stimulated
with 600 1U/m rll-2, with or without anti-CD?28 (1 [Lg/ml) plus immobi-
lized anti-CD3 (0.5 ptg/well) (mADb). The effector: target ratio was 30: 1.
PBL, autologous peripheral blood lymphocytes; ARCL, autologous renal
cell line; BA, allogeneic renal cancer cell line, M14, NK-resistant mela-
noma cell line; K562, NK-sensitive erythroleukemia cell ling

treatment a dramatic decrease in the percentage of CD3+
T cells (from 50% to 20%) was observed, without signifi-
cant changes in the CD4/CDS8 ratio, and a small increase in
the percentage of CDS56+ natural killer cells.

After in vitro rIL-2 stimulation, the PBL. taken after
6 weeks of rIL-2 treatment had a high percentage of natural
killer cells (50%) and an increased number of CD25+ cells.

In vitro stimulation of the pretreatment PBL with rIl-2
and immobilized anti-CD3 plus anti-CD28 antibodies re-
sulted in preferential outgrowth of CD3+ T cells, the ma-
jority (60%) being CD4+ cells. After 6 weeks of rIl-2
treatment the number of CD56+ natural killer cells (20%)
was enhanced with a concomitant decrease in the percent-
age of CD3+ cells without changes in the CD4/CD3 ratio.
The number of CD25+ cells was closely correlated with the

number of CD3+ cells.

Immuno-phenotyping of the mononuclear infiltrates of the
renal cell carcinoma and the acute interstitial nephritis

In the tumour-associated mononuclear infiltrate and in that
of the tubulo-interstitial nephritis there was an equal distri-

bution between the CD4+ (35/40%) and CD8* (35/40%)
CD3+ T lymphocytes and CD56+ (5/10%) cells.

Cytotoxic capacity of the effector cells

The cytotoxic capacity of the PBL, isolated before and at
the end of thec 6 weeks of rIL-2 treatment, towards the
various target cells is depicted in Fig. 1 a, b. It is demon-
strated 1n Fi1g. 1a that after in vitro stimulation of the PBL
with rlIL-2 the cytotoxic capacity of the PBL, taken after
0 weeks of rIL-2 treatment, has evidently increased
towards the autologous renal cell line (ARCL) isolated
from the interstitial nephritis biopsy, but not towards autol-
ogous PBL. The cytotoxic activity of the PBLL was not
significantly influenced by the addition of anti-CD28 and
immobilized anti-CD3 antibodies to rIL-2 in the medium.
The cytotoxic capacity of the isolated PBL towards
various allogeneic targets is shown in Fig. 1b. The PBL
isolated at the end of rIL-2 treatment and cultured in me-
dium displayed evident killing of K562 (NK activity).
After in vitro stimulation, the cytotoxic capacity of the
PBL, isolated after 6 weeks of rIL-2 treatment, towards
K562 and the allogeneic renal cancer cell line was en-
hanced in comparison with that of the PBL isolated before
ril.-2 treatment. In contrast, there was no enhanced cyto-
toxicity against the allogeneic melanoma cell line M14.

Discussion

This paper describes the immunological studies performed
in the first biopsy-proven case of acute (tubulo)interstitial
nephritis (AIN) after treatment with rIl.-2 alone in a patient

- with advanced renal cell cancer [8]. In the present case, no

complement or antibody deposition on the tubular base-
ment membrane (TBM) was observed, and there was no
serologial evidence for complement activation or circulat-
ing anti-TBM antibodies. Therefore, we investigated
whether the AIN was the result of a cell-mediated immune
reaction induced by the rIL-2 treatment. We demonstrated
that after 6 weeks of rIL.-2 treatment the peripheral blood
lymphocytes (PBL) of the patient, when stimulated in vi-
tro, displayed enhanced cytotoxic capacity towards an au-
tologous renal cell line (ARCL) cultured from the AIN
biopsy specimen but not towards autologous PBL. In addi-
fion we observed enhanced killing of the allogeneic renal
cancer cell line BA but not of the allogeneic melanoma cell
line M14. These data may suggest that riL-2 treatment in
this patient with renal cell cancer led to the induction of
cytotoxic lymphocytes with preferential lytic activity
directed against renal cells, which may have led to im-
mune-mediated renal injury. The question arises whether
this injury is mediated by a non-specific or a specific
cellular immune reaction. Essentially, non-specific and
non-MHC(major histocompatibility complex)-restricted
killing of targets is mediated by natural killer (NK) cells,
whereas T lymphocytes exert antigen-specific MHC-re-
stricted cytotoxicity. Recent data suggest that NK cells
may also exhibit allo-antigen-specific cytotoxicity {S] and
that T lymphiocytes can, upon IL-2 activation, display non-
specific and MHC-unrestricted cytolysis [6]. From the ex-



periments we performed, using bulk PBL that contain both
T lymphocytes and NK cells, the nature of the cytotoxic
reaction could not be determined with certainty.

During treatment with rIL-2, cells are generated that
display non-specific and non-MHC-restricted cytotoxicity
for a wide range of targets [12]. Although it was 1nitially
thought that these lymphokine-activated killer (LAK) cells
should spare normal tissue, LAK cells may be cytotoxic for
autologous lymphocytes and normal human cell lines in-
cluding renal tubular cells [19, 24]. It may questioned
whether the observed cytolytic activity of the in vitro
stimulated PBL, isolated at the end of rIL-2 treatment,
towards ARCL but not towards autologous PBL, may have
played an actual role in the pathogenesis of AIN and does
not merely represent a difference in LAK sensitivity be-
tween two different autologous targets.

Alternatively, in view of the recently demonstrated
presence of tumour-specific cytotoxic T cells in renal-cell-
cancer-infiltrating lymphocytes [15] and the possible role
of tubular-antigen-specific cytotoxic T cells in the patho-
genesis of experimental AIN [13], a specific T-cell-medi-
ated reaction must be considered. Since renal cell carcino-
ma originates from the epithelial cells of the proximal
tubulus and may express a number of cell-surface-as-
sociated antigens, that are shared by the various parts of the
normal nephron [9, 22}, a T cell response evoked against
an antigen present on the tumour cells could display cross-
reactivity with antigens present on the normal tubulo-inter-
stitium. This “autoimmune” response could have been en-
hanced by the rIL.-2 treatment leading to the cell-mediated
AIN in the other kidney [17].

References

1. Averbuch SD, Austin III HA, Sherwin SA, Antonovych T, Bunn PA,
Longo DL (1984) Acute interstitial nephritis with the nephrotic syn-
drome following recombinant leukocyte A interferon therapy for
mycosis fungoides. N Engl J Med 310: 32

2. Bastuji-Gann S, Chosidow O, Lang P, Roujeau J-C, Revuz J (1990)
Transient proteinuria during interlenkin-2 therapy. Eur J Cancer
26: 924

3. Beaufils H, Patte R, Aubert Ph, Camey M, Kuss R, Barbagelatta M,
Chomette G (1984) Renal Immunopathology in renal cell carcinoma,
Virchows Arch [A] 404: 87

4, Belldegrun A, Webb DE, Austin III HA, Steinberg SM, Whlte DE,
Linehan WM, Rosenberg SA (1987) Effects of interleukin-2 on renal
function in patients receiving immunotherapy for advanced cancer.
Ann Interm Med 106: 817

5. Bender JR, Pardi R, Engleman E (1950) T-cell receptor-negative
natural killer cells display antigen-specific cytotoxicity for micro-
vascular endothelial cells. Proc Natl Acad Sci USA 87: 6949

6. Bolhuis RLH, Stoter G, Eggermont AMM., Characteristics and uses
of IL-2 in immunotherapy. Biotherapy 1989: 1~ 153

7. Cameron JS (1988) Allergic interstitial nephritis: clinical features
and pathogenesis. Q J Med 250: 97

8. Diekman MIM, Vlasveld LT, Krediet RT, Rankin EM, Arnsz L
(1992) Acute interstitial nephritis during continuous intravenous ad-
ministration of low-dose interleukin-2. Nephron 60: 122

9. Ebert T, Bander NH (1990) Immunodiagnosis of renal cell carcino-
ma. In: Herberman RB, Mercer DW (eds) Immunodiagnosis of
cancer. Dekker, New York, p 469

10. Feinfeld DA, D’ Agati V, Dutcher JP, Werfel SB, Lynn R1, Wiemik
PH (1991) Interstitial nephritis in a patient receiving adoptive im-
munotherapy with recombinant interleukin-2 and lymphokine-acti-
vated killer cells. Am J Nephrol 11: 485

213

11. Fer MF, McKinney TD, Richardson RL, Hande KR, Oldham RK,
Greco FA (1981) Cancer and the kidney: renal complication of
neoplasms. Am J Med 71: 704

12. Hank JA, Kohler PC, Weil-Hillman G, Rosenthal N, Moore KH,
Storer B, Minkoff D, Bradshaw J, Bechhofer R, Sondel PM (1988) In
vivo induction of the lymphokine-activated killer phenomenon: in-
terleukin-2-dependent human non-major histocompatibility com-
plex-restricted cytotoxicity generated in vivo during administration
of human recombinant interleukin-2. Cancer Res 48: 1965

13, Kelly CJ, Korngold R, Mann R, Clayman M, Haverty T, Netison EG,
(1986) Spontaneous interstitial nephritis in kdkd mice: II. Charac-
teriziation of a tubular antigen-specific, H-2K-restricted Lyt-2+ ef-
fector T cell that mediates destructive tubulointerstitial injury. J Im-
munol 136: 526

4. Kerpen HO, Bhat JG, Feiner HD, Baldwin DS (1978) Membranous
nephropathy associated with renal cell carcinoma: evidence against a
role of renal tubular or tumor antibodies in pathogenesis. Am J Med
64: 863

15. Koo AS, Tso C-L, Shimabukuro T, Peyret C, deKernion JB, Bellde-
grun A (1991) Autologous tumor-specific cytotoxicity of tumor-in-
filtrating lymphocytes derived from human renal cell carcinoma.
J Immunother 10: 347

16. Kragel AH, Travis WD, Feinberg L, Pittaluga S, Striker LM, Roberts
WC, Lotze MT, Yang JT, Rosenberg SA (1990) Pathological findings
associated with interleukin-2 based immunotherapy for cancer: a
postmortem study of 19 patients. Hum Pathol 21: 493

17. Kroemer G, Andreu JL, Gonzalo JA, Gutierrez-Ramos JC, Martinez-
AC (1991) Interleukin-2, autotolerance, and autoimmunity. Adv Im-
munol 50: 147

18. Krutchik An, Buzdar AU, Akhtar M, Blumenschein GR (1980) Im-
mune-complex glomerulonephritis secondary to nonspecific im-
munotherapy. Cancer 45: 495

19. Miltenburg AMM, Meijer-Paape ME, Daha MR, Paul LC (1988}
Lymphokine-activated killer cells lyse human renal cancer lines and
cultured normal kidney cells. Immunology 63: 729

20. Neilson EG (1989) Pathogenesis and therapy of interstitial nephritis.
Kidney Int 35: 1257

21, Nijhuis EWP, v/d Wiel-van Kemenade E, Figdor CG, van Lier RAW
(1990) Activation and expansion of tumour-infiltrating lymphocytes
by anti-CD3 and anti-CD28 monoclonal antibodies. Cancer [mmunol
Immunother 32: 2435

22. Oosterwijk E, Ruiter DJ, Wakka JC, Huiskens-v d Mey JW, Jonas U,
Fleuren GJ, Zwartendijk J, Hoedemaeker Ph, Warnaar SO (1986)
Immunohistochemical analysis of monoclonal antibodies to renal
antigens, Application in the diagnosis of renal cell carcinoma. Am J
Pathol 123: 301

23. Qosterwijk E, Ruiter D], Hoedemaeker Phl, Pauwels EKJ, Jonas U,
Zwartendijk I, Warnaar SO (1986) Monoclonal antibody G250 rec-
ognizes a determinant present in renal-cell carcinoma and absent
from normal kidney. Int J Cancer 38: 489

24. Oshimi K, Oshimi Y, Saito H, Mizoguchi H (1988) Cytotoxicity of
interleukin-2-activated lymphocytes for autologous normal blood
mononuclear cells. J Immunol Methods 109: 161

235. Shalmi CL, Dutcher IP, Feinfeld DA, Chun KJ, Saleemi K, Freeman
LM, Lynn RI, Wiernik PH (1990) Acute renal dysfunction during
interleukin-2 treatment: suggestion of an intrinsic renal lesion. J Clin
Oncol 8: 1839

26, Textor SC, Margolin K, Blayney D, Carlson J, Doroshow J (1987)
Renal, volume, and hormonal changes during therapeutic administra-
tion of recombinant interleukin-2 in man. Am J Med 83: 1055

27. Vlasveld LT, Rankin EM, Hekman A, Rodenhuis S, Beijnen JH,
Hilton AM, Dubbelman AC, Vyth-Dreese FA, Melief CJM (1992) A
phase I study of prolonged continuous infusion of low dose recombi-
nant interleukin-2 in melanoma and renal cell cancer: part I. Clinical
aspects. BrJ Cancer 65: 744

28, Wang J, Walle A, Gordon B, Novogrodsky A, Suthanthiran M,
Rubin AL, Morrison H, Silver RT, Stenzel XH (1987) Adoptive
immunotherapy for stage IV renal cell carcinoma: a novel protocol
utilizing periodate and interleukin-2-activated autologous leukocytes

and continuous infusions of low-dose interleukin-2. Am J Med
83: 1016




