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ABSTRACT

Interferon-jS-serine(ll-N-,yM1)is a recombinant genetically altered
interferon with extensive in vitro antiproliferative, antiviral, and inimu-
nological effects. We undertooka Phase I/II trial of this agent in patients
with untreated metastatic renal cell carcinoma with good performance
status. IFN-/3Â«,was given twice weekly (Monday/Thursday) by a 4-h i.v.
infusion. Three patients were entered at increasing drug levels until the
maximumtolerated dose was determined. Moreover, if individualpatients
tolerated the initial IFN treatment, the dose was escalated one level at
the next treatment.

Preliminary studies with normal donor cells demonstrated that II V
ÃŸâ€žin vitro enhanced activity in a mononuclear-MBL-2 growth inhibition,
NK-cell, and monocyte antibody-dependent cellular cytotoxicity assay.
Therefore, prior to therapy these in vitro tests were performed utilizing
each patient's mononuclearcells in an attempt to predict tumor response

with in vitro immunological response to IFN. In general, there was no
difference in IFN responsiveness in vitro between patients who developed
tumor response (3) and those who did not (12).

After initiation of treatment blood was taken from patients at frequent
intervals for assessment of biological response. The following parameters
were not altered at any dose or time interval:T-cell number,T-H/S ratio,
% Leu Ila-positive cells, percentage or intensity of staining with anti-
HLA-DR, and conconavalin A driven T-cell proliferation. Monocyte
antibody-dependent cellular cytotoxicity was significantly depressed 4 h
after doses of 30-150 million units/m2 but returnedto base line at 24 h.

Activity in three assays was significantly increased in patients receiving
therapy: MBL-2/growth inhibition assay, NK-cell, and 2',5' oligonucle-

otide synthetase activity. In general changes in these assays were ob
served at low levels of IFN-/}Â«,,increased at 4-48 h, then returnedtoward
base line.

We conclude that IFN-/8Â«,is an active biological agent in vitro and
significantly modulated the biological responses in patients with renal
cell carcinoma.

INTRODUCTION

j3-IFN3-/3 has been purified to homogeneity from fibroblast

culture supernatants and its antiproliferative, antiviral, and
immunological properties have been extensively evaluated (1-
3). Compared to IFN-Â«,IFN-/8 has similar or greater antiviral
and antiproliferative effects (4-5). Immunological effects have
been claimed to be similar in some respects to IFN-7, but IFN-
/3interacts with the same receptor as IFN-a (6, 7).

Development of a recombinant IFN-0 has allowed more
extensive in vitro and clinical evaluation of IFN-/3 (8). Initial
efforts at utilization of unmodified recombinant IFN-/3 were

complicated because random disillude bridging within the mol
ecule resulted in decreased specific activity. Serine was, there-
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fore, substituted for cysteine at the 17 position by site-specific
mutageneses. This IFN is, therefore, referred to herein as IFN-
ÃŸxr.The resultant IFN has almost identical antiviral, antipro
liferative, and immunological effects as purified, cell-derived
IFN-/3 (8). We undertook a Phase I/II trial of IFN-/3Â«rin
patients with renal cell carcinoma. Toxicity was largely limited
to the syndrome of fever, chills, and malaise. Toxicity, phar-
macokinetics, and response to therapy were reported previously
(9). We report here the biological and immunological effects of
JFN-0Â«.

MATERIALS AND METHODS

Interferon. As discussed above, IFN-/)Â«,is a recombinant genetically
altered II N ,Â¡with a molecular weight of 18,500. It is not glycosylated.
The clinically utilized preparations contained 2 x 10* international

units/mg of IFN protein by antiviral assay.
Protocol. Patients with biopsy proven metastatic renal cell carcinoma,

with good performance status (Zubrod 0-2), and no history of previous
therapy were allowed to enter the study.

Il-'\-,iM.iwas given by a 4-h i.v. infusion. A 4-h infusion was used in

hopes of improving tolerance of high doses of IFN. Patients were
treated on a twice weekly (Monday/Thursday) schedule. This intermit
tent schedule was adopted to allow short-term posttreatment evaluation
of biological and toxic effects of the agent. Doses are described in MUs.

Three patients received initial therapy at the first and then at every
other dose level until the maximum tolerated dose was determined.
Individual patients were escalated with each dose to the next highest
dose level until intolerable toxicity (grade 3) was observed. Maximum
tolerated dose is herein defined as that dose level which produces
toxicity which is the most patients can tolerate with supportive care
(i.e., "grade 2") in half the patients.

Patient Characteristics. All 18 patients entered into the study had
metastatic renal cell carcinoma with bidimensionally measurable dis
ease. Fifteen of 18 had near normal performance status and all were
ambulatory. Three patients had received radiation therapy to sites of
bony disease and one patient only received chemotherapy 6 months
prior to entering the study. Concomitant antiinflammatory agents and
steroids were not allowed.

Performance and Control of Immunological Studies. All assays were
done twice within 5 days prior to initiation of treatment and then at
time intervals indicated in the text. All base line values were averaged
and utilized for data analysis. Assays of NK-cell activity, MBL-2-GIA,
monocyte ADCC, T-cell subsets, and proliferation were done on freshly
obtained cells. Each day a control normal donor was studied simulta
neously. Donors were not age or sex matched since their results were
not to be compared to patient data. These normal donors were studied
repetitively (once each week x 2-3) prior to study and weekly during
the study to detect unacceptable assay variability. If the normal donor
results on any day varied more than one standard deviation from the
mean of his or her previous values, the data from that day's assay were
discarded. The enzyme assay 2',5' oligonucleotide synthetase was per

formed on lymphocytes frozen in liquid nitrogen.
Isolation of Mononuclear Cells, Lymphocytes, and Monocytes. Ve

nous blood was anticoagulated with EDTA and mononuclear cells were
obtained by Ficoll-Hypaque separation.

For monocyte isolation, peripheral blood mononuclear cells were
suspended to 4 x IO6cells/ml in RPMI with 20% PCS; 3 ml of the cell
suspension was added to 60-mm culture dishes which were pretreated
with 1 ml of pooled serum for 15 min at 37'C. The plates were then
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incubated at 37'C for l h and nonadherent cells were removed by radioactivity on the filter discs obtained from harvesting was measured
washing and tituration of the plates Five times with Hank's balanced

salt solution. Adherent cells were recovered by incubating the plates at
room temperature for 10-15 min in the presence of Ca2+- and Mg2*-
free Hank's balanced salt solution containing 0.02% EDTA, followed

by vigorous tituration with a Pasteur pipette. Resultant nonadherent
cells were utilized in assays of lymphocyte function. Monocyte prepa
rations contained s5% lymphocytes by standard morphological criteria.
Lymphocytes were contaminated with 1-4% monocytes. For all assays
monocytes and lymphocytes were suspended in final media (RPMI,
10% fetal calf serum, 20 mM HEPES, 100 /Â¿/mlpenicillin, 100 Â¿ig/ml
streptomycin).

Natural Killer Activity. K-562 (erythroleukemia) were determined to
be free of mycoplasma by fluorescent staining and [3H]thymidine sta
bility. Multiple (>100) vials were then frozen and new cultures from
frozen samples were initiated every 4 weeks. The target cells were
utilized 3-4 days after passage. Target cells were labeled with [51Cr]Na
using 100 iiCi/5 x 10' cells/0.5 ml for l h at 37'C. The cells were

washed four times and suspended in RPMI, 10% FCS. Target cells
(lOyiOO ft\) were added to triplicate 6-mm round-bottomed plates.
Effector mononuclear cells are added in the same media (in 100 tÂ¡\)to
achieve effectontarget ratios of 80:1,40:1,20:1, and 10:1. Also included
were three maximum release wells containing only labeled target cells
plus Triton X-100 and three spontaneous release cells. The plate was
centrifuged (200 x g, 5 min) and incubated at 37Â°Cfor 4 h. The plate

was centrifuged again and 100 ul of supernatant was removed.

using standard liquid scintillation techniques.

cpm MBL-2 + Effector Cells x 100

% Cytotoxicity
cpm experimental â€”cpm spontaneous

cpm maximum release â€”cpm spontaneous

Fluorescent-activated Cell Sorter Analysis to Determine Peripheral
Blood Lymphocyte Subsets. These tests were performed utilizing a
cytofluorograph equipped with a 5-W laser; 10* lymphocytes were
reacted with optimal concentrations of anti-OKT3, OKT4, OKT8 (Or-
tho Labs), Leu 1la, and HLA-DR (Becton Dickenson) in RPMI with
0.1% sodium azide, and 2% PCS (100 M' cells and 50 n\ antibody)
utilizing round-bottomed 6-mm wells. Cells are washed three times and
200 ni of fluoresceinated anti-mouse IgG was added and incubated for
30 min on ice. Cells were again washed three times. Control cells were
treated with mouse IgG ascites and fluoresceinated anti-mouse IgG.
Background fluorescence was determined and subtracted for each sam
ple. Data was recorded as the percentage and number of positive cells
per cubic millimeter of blood.

Lymphoblastic Transformation. Mononuclear cells were suspended
to 1 x Id" ml of final media and 200 Â¿ilof this cell suspension were

added to triplicate 6-mm round-bottomed wells. Optimal concentra
tions of conconavalin A (10 Â¿ig/ml),were added in a total volume of 50
,ul. Baseline and stimulated proliferation was measured by [3H]thymi-

dine uptake at 4 days.
Monocyte ADCC. CEM tumor cells maintained free of mycoplasma

were labeled with MCr as was described above for K-562. Anti-CEM

sera from a rabbit was heat inactivated, filtered, and then diluted 1:10
with HBSS. 1.5 ml of s'Cr labeled CEM cells (1.5 x IO6cells) and 0.3
ml diluted antibody were incubated for 30 min at 37Â°C.The cells were

then washed three times with RPMI-5% PCS and suspended to 1 x
IO5cells/ml in final media. One hundred pi of antibody and 51Cr-labeled
CEM cells (I x IO4 cells/well) and 0.1 ml of monocyte suspensions
(0.5 to 2 x 10* cells/well) were added to triplicate round-bottomed
microtiter (6-mm) wells. The plate was centrifuged at 200 x g for 5
min. After a 4-h incubation at 37Â°C,100^1 of supernatant was removed

from each well and counted in a 7 counter. Percentage of kill was
calculated as described under the NK-cell assay.

Mononuclear Cell Growth Inhibition Assay. Isolated mononuclear
cells were suspended in final media to 8, 4, and 2 x 10' cells/ml.
MBL-2 tumor cells were suspended to 1 x 10* cells/ml in final media
with 10% PCS. MBL-2 were maintained mycoplasma free as described
for K-562; 100 pi of mononuclear cells and 100 pi of MBL-2 tumor
cells (1 x IO4 cells/well) were added to triplicate round-bottomed
microtiter wells (6 mm); 10 pi of ['HJthymidine at 50 pCi/ml (0.5 fid/

well) was then added to each well. The plate was incubated 24 h at
37Â°Cand harvested with a multiple-automated sample harvester. The

Cytotoxicity =
cpm with MBL-2 alone

2',5' Oligonucleotide Synthetase Assay. This assay was performed as

previously described (10).
Thawed cells were washed twice with phosphate buffered saline and

then aliquoted at 2 x IO6 cells/microcentrifuge tube. The cells were

centrifuged and the phosphate buffered saline and supernatant were
aspirated. The cells were lysed with 100 /Â¿Iof a cell lysis buffer for 10
min at 0Â°C.The cell lysis buffer contains: 20 IHMHEPES (pH 7.2), 10

mM KCI, 5 mM MgAc, 1 mM DTT, and 0.5% Nonidet-P40. The tubes
were then centrifuged at 1000 rpm for 10 min at 4Â°Cto remove debris.

The supernatant was removed and to this was added 11 pi of 0.1%
diethylpyrocarbonate in water. The extract was transferred to a micro-
centrifuge tube containing agarose polyriboinosinic acid-polyriboxycy-
tidilic acid beads, vortexed, and incubated for 30 min at 30Â°C.The

beads were washed twice with buffer containing 20 mM HEPES (pH
7.5), 90 mM KCI, 5 mM MgAc, 1 mM DTT, and 10% glycerol. After
washing, an ATP buffer containing 3 mM ATP and 40 pCi/ml [3H]

ATP in HBG and DTT was added to the beads and the samples were
incubated at 30Â°Cfor 20 h. After this incubation, the mixture was
incubated for 3 min at 90Â°C.The samples were centrifuged for 2 min

and 30 //I of the supernatant was transferred to a tube containing 6 pi
of bacterial alkaline phosphatase at a 1:3 dilution with double-distilled
water. The samples were vortexed and incubated at 45Â°Cfor 2.5 h.

After the incubation, the samples were centrifuged for 3 min in a
microcentrifuge, 6.0 ul of the supernatant were spotted on a 1.25 x
1.25 cm piece of DE 81 paper (Whatman). The papers were dried under
a heat lamp and were then subjected to a series of eight washes, 5 min
each, in distilled water. The radioactive product was then released by
placing the papers in 15-ml scintillation vials containing 3 ml of buffer
[20 mM HEPES (pH 7.5), 350 mM KCI, and 5 mM MgAc]. The papers
were soaked with the buffer for 30 min and counted with an appropriate
scintillation cocktail. Data were expressed as cpm/10* cells, pmol/(h
10s cells) or in the clinical studies, fold increase over baseline.

Statistical Analysis. Analysis of time-dependent measures of immune
function and toxicity were performed using one-way and two-way
analysis of variance (11) to evaluate overall effects of time and dose
level. Por comparing subsequent evaluations (4, 24, 48, and 72-h
samples) with the base line values, Dunnett's procedure (12) was used
by computing a significant difference based on Dunnett's t value and

used to compare all means with the base line. Given the small sample
sizes encountered in this study, the probability of reaching a false
negative conclusion (type II error) following a statistical test is very
high, exceeding 50%. This lack of statistical power should caution
readers from placing great importance on reported negative findings.
Significance for all statistical tests was based on the 5% level.

RESULTS

In Vitro Effects of IFN-ÃŸÂ«r

In vitro dose response was established utilizing normal donor
cells in the assays of MBL-2/GIA, monocyte ADCC, and NK-
cell activity. IFN-0SÂ«enhanced effector cell function in all three
assay systems (Fig. 1, A-C). Activity was observed at 60 LJ/ml
in all three assays. Enhancement was greatest in these prelimi
nary experiments in the MBL-2/GIA assay. In the NK-cell and
monocyte ADCC assays, the lowest dose tested, 60 LJ/ml, gave
near maximum enhancement.

In an attempt to predict in vivo antitumor response, we
examined the effect of IFN-jSsÂ«on patient cells in all three of
these assays in vitro prior to treatment (Table 1). IFN-ÃŸ^
significantly enhanced (P < 0.05) mononuclear cell activity in
the MBL-2/GIA assay and NK-cell activity in all groups (nor
mals and patients). Monocyte ADCC was significantly altered
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60-1 A. MONOCYTE ADCC

60 125 250 500 1000 2000 4000
IFN CONCENTRATION (U/ml)

60-

50-

40-

20-

B NK-CELL ASSAY

60 125 250 500 1000
IFN CONCENTRATION(U/ml)

2000 4000

Table 1 Effect oflFN-&â€žon patient and normal cells in vitro in three assays of
antitumor activity

Assays were performed as described in "Materials and Methods." Four in vitro
responses effector cells were exposed to IFN-/3Â«,24 h before addition of target
cells.

Patients

Assay Responders Nonresponders Normal donors
MBL-2/GIA" (effec-

tontarget, 40:1 )
IFN concentration (U/ml)

250
2000

NK-cell assay (effec-
tortarget, 20:1 )

IFN concentration
0

250
2000

Monocyte ADCC (effec-
tontarget. 20:1 )

IFN concentration
0

250
2000

12Â±7(2)Â°-*

31 Â±6

19 Â±10(3)
41 Â±17
41 Â±16

25 Â±18(2)
25 Â±18
26 Â±16

14 Â±15(7)
23 Â±18

18Â±13(12)
28 Â±16
34 Â±18

33 Â±8 (8)
33 Â±II
37 Â±7

24 Â±22(10)
42 Â±24

36 Â±3(10)
52 Â±13
56 Â±13

26 Â±11 (6)
36 Â±12
39 Â±19

" Mean Â±SD.
* Numbers in parenthesis, N. See text for statistical significance.

Table 2 Dose escalation schedule

No. patients
entered3346Dose (MU/m2)0.11.010306075100ISO

55-,

45-

C. MBL-2-6IA

35-

25-

15-

60 125 25O 500 1000 20OO 40OO
IFN CONCENTRATION(U/ml)

Fig. 1. Effect of IFN-&CTon normal cytotoxic cell function in vitro. A, mono-
cyte ADCC. Monocyte monolayers were prepared as indicated in "Materials and
Methods" and incubated 16 h with the indicated concentrations of IFN. Antibody

opsonized target cells (CEM) were then added (effector:target ratio, 20:1). Sig
nificant increase in killing l /' 0.05) was noted at all concentrations >60 U/ml
(A' = 2). Bars, standard deviations. B, NK-cell activity. Lymphocytes were used
as effector cells and K-562 as target cells. Preincubation was performed as in A.
(Effectortarget ratio, 20:1; N â€”4). Significant enhancement was seen at all
concentrations >60 U/ml (/>< 0.01). C, MBL-2/GIA. Effector cells were mono-
nuclear cells and targets were MBL-2. (Effectortarget ratio, 40:1). Preincubations
were performed as in I and B. Significant enhancement was noted at concentra
tions > 125 U/ml, /V= 3. />< 0.05 (125 U/ml) and P < 0.01 (250-4000 U/ml).

only in normals, however. There were no statistically significant
differences between responders and nonresponders in any assay.
However, NK-cell activity was significantly reduced in both

patient groups with or without (i.e., base line) in vitro stimula
tion With

100--80-60-40-20^VTA 1MU/m21

130MU/m2CSS

75MU/m21

1150MU/m21

!lÃ¬1i[Ã•

l1;\\\iâ€¢â€¢;-

'IiT*iil

Bo..lin. 24 48
TREATMENT TIME (Hourt)

Fig. 2. Effect of the initial single dose of IFN-&â€žon the MBL-2/GIA.
Mononuclear cells were isolated from patient blood, base line and 4, 24, 48, and
72 h after dosing. Bars, mean of three patients at each dose level. * Hun. significant
increases in activity (P < 0.05 to p < 0.01).

Table 3 Effect of!FN-tiâ€ž on lymphocyte activity in the MLB-2/CIA assay

Results after initial and all subsequent dosings.
IFN dose (MU/m2)

Assay time 30 75 150 450
Base line*

Hours
post-1FN

24
48
72

16 Â±9 (5)* 25 Â±7 (5) 25 Â±22 (8) 33 Â±22 (13) 38 Â±17 (4)

24 Â±3 (4)c 19 Â±18 (5) 46 Â±23 (7) 33 Â±29 (13) 27 Â±18 (4)

24 Â±8(4) 43 Â±18(5) 49 Â±23 (7) 45 Â±26(13) 40 Â±17(4)
18 Â±11 (4) 35 Â±24(5) 39 Â±24 (7) 36 Â±26(12) 41 Â±35(4)

' MBL-2/GIA were performed just before and 24,48, and 72 h after all dosing

indicated. Effectortarget ratio, 40:1.
* Mean Â±SD (number of observations).
' No statistically significant alterations were seen.
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IMMUNOLOGICAL EFFECTS OF INTERFERON-/J-SERINE

In Vivo Effects of IFN-/9Â«.

Consequences of Scheduling of Therapy. Three patients were
initially treated at every other dose level (Table 2). If the initial
and/or subsequent doses were tolerated, patients were escalated
to the next dose level at each treatment.

Patients were treated on a Monday/Thursday schedule by 4-
h i.v. infusion. Consequently, except for the first dose, immu-
nological changes may have been due to previous dosing or
cumulative effects. Therefore, we analyzed the biological effects
of treatment after a single initial dose at a given dose level and

Table 4 Effect of single initial dose oflFN-ÃŸâ€žon NK cell activity

Dose (MU/m2)

Assay time 30 75 ISO
Base line"
Hours post-IFN

24
48
72

31 Â±17(4)* 59 Â±15(3) 36 Â±15(4) 40 Â±21(4)

60 Â±25 (4)'

45 Â±24 (4)
56 Â±33 (4)

47 Â±21(3)
56 Â±15(3)
60 Â±5 (3)

66 Â±24 (4)c

42 Â±9 (4)
50 Â±20 (4)'

61 Â±9(3)''

46 Â±22 (2)
48 Â±26 (3)

* The NK assays were performed before (twice) and 24, 48, and 72 h after the

initial (first) dose indicated. The data presented are effectorratio of 20:1.
* Mean Â±SD (number of observations).
'P<0.01.

50--40-X

.n-E33

1MU/Â»21

â€” 1 SOMU/m2^3

75MU/mz\r,nm1)H_IMÂ«II.1
11;T T1

11%i1

24 48
TREATMENT TIME (Houci)

72

Fig. 3. Effect of the initial single dose of IFN-0Â«,on the monocyte ADCC
assay. Monocytes were isolated from patient blood base line and 4, 24, 48, and
72 h after dosing. Bars, mean of three patients at each dose level. * Bars, significant
decreases in activity (P < 0.05 to P < 0.01).

the biological effects of treatment at a given dose level regardless
of previous dosings, i.e., at all dosings.

MBL-2/GIA. After an initial single dose of 30, 75, and 150
MU/m2, activity in the MBL-2/GIA was increased at 4-72 h

(Fig. 2). With multiple dosing peak values were also seen at
24-48 h but statistical significance was not achieved, partly due
to increased assay variability and partly due to increased base
line values with repeated dosings (Table 3).

NK-cell Assay. After single doses of 1, 75, and 150 MU/m2

NK cell activity was increased significantly 24 h after dosing.
Very high base line values appeared to preclude detection of
increases at the 30 MU/m2 dose (Table 4). No significant

changes were detected when multiple doses were analyzed for
the same reasons sited under MBL-2/GIA.

Monocyte ADCC. Single initial doses of IFN-0,Â«significantly
depressed monocyte ADCC at 4 h at all dose levels. (Fig. 3).
Levels returned to base line by 24 h. Analysis of all dosing
demonstrated no significant effects (data not shown).

Lymphocyte Subsets and Proliferation. T-cell number, T-H/s
ratio, and conconavalin A-induced lymphocyte proliferation
were not changed at any dose or time point (data not shown).
The number of HLA-DR-positive cells and intensity of staining
and the number of Leu Ila-positive cells were not changed
(data not shown).

2',5' Oligonucleotide Synthetase. Acute and multiple dose
effects were observed in lymphocyte 2',5' Oligonucleotide syn-
thetase activity. No effects were seen at 0.01 MU/m2 but single
doses of 1, 30, 75, and 150 MU/m2 significantly increased
levels at 4-24 h and levels returned toward base line values by
72 h (Fig. 4/4). At higher doses, duration of elevation appeared
to be prolonged. Patients were also studied just before and after
the fourth dose of IFN to examine for the possibility of cumu
lative effects. Four days after the third dose (336 h) levels
appear to have returned to near base line (Fig. 4Ã„). The re
sponse 24 h after the fourth dose (360 h) appears to be greater
than after the first, but the small number of patients precluded
accurate statistical analysis of these (24 versus 360 h) differ
ences.

DISCUSSION

These data demonstrated marked biological activity of IFN-
ÃŸxras detected in vivo and in vitro by enhancement of lympho-

5-

â€¢0.01MU/m
? 1.0MU/m
D 30 MU/m
A 75 MU/m
X 150MU/m

10-,

8-

o

2-

BasÂ«lmÂ» 24 46
TREATMENT TIME (Hours)

â€¢I Â°01 MU/m2

E3 1.0 MU/m2
Iâ€”I30 MU/m2

R33 75 MU/m2
[~~1150 MU/m2

DOMI

24 72 168 336
TREATMENT TIME (Hours)

360 408

Fig. 4. Acute effect of the initial single dose of IFN-0Â«,(A) and the effect of four doses (A) of IFN-0Â«,on lymphocyte 2',5' Oligonucleotide synthetase activity.

Blood lymphocytes were obtained at base line and at the indicated times after dosing. Data are expressed as fold increase over base line. Left panel, patients were
given 0.01-150 MIJ/m! as an initial single dose of IFN. Significant increases in levels were seen at all doses >1.0 MU/m3. Points, mean of three patient values. Right
panel, levels 24, 72, and 168 h after the first dose. Time point 336 h, value obtained 4 days after the 3rd dose. Time points 360 and 408 h, times 24 and 48 h after the
fourth dose. In general, this dose was two dose levels above the original dose indicated as the initial dose. Data are expressed as in left panel.
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cyte NK-cell, MBL-2/GIA, and 2',5' oligonucieotide synthe-

tase activity.
The MBL-2/GIA was first adopted as an assay of monocyte

function (13), but it has been subsequently demonstrated by
Treat, et al. (14) that in vitro and in vivo IFN enhancement of
activity in this assay involves activation of a lymphocyte sub-

set(s). The effector cell in this assay is significantly depleted by
complement and either OK T-10 or Leu 1Ib. This latter mono
clonal antibody identifies cells which exhibit activity in NK-cell
and lymphokine-activated killer cell assays (IS). It is therefore
reasonable that we detected activity of this IFN in both NK-
cell and MBL-2/GIA. Paradoxically, we did not detect an
increase in the number of Leu 1la positive cells, however. We
are currently examining the effect of IFN-/3Â«,treatment on
lymphokine-activated killer cell activity in peripheral blood.

Lymphocyte 2',5' oligonucieotide synthetase activity was

significantly increased after treatment of patients with >1 ML1/
m2 of IFN-ftÂ«. This enzyme is thought to be important in the

induction of viral resistance (16) and in the antiproliferative
effects of IFN on mammalian cells (17). From our data it
appears that higher doses of IFN-fte, induced prolonged in
creases in this enzyme level but the small number of patients
studied does not permit a firm conclusion on this point.

Interestingly IFN-^r had relatively little in vitro or in vivo
effects on monocyte ADCC. This pattern of biological response,
i.e., enhancement of 2',5' oligonucieotide synthetase, NK-cell,

and MBL-2/GIA activity but not monocyte Fc-receptor-de-
pendent ADCC is similar to findings utilizing IFN-a rather
than IFN-7. IFN-7 markedly enhances monocyte function par
ticularly those involving the Fc receptor. The similarity in
biological activity between IFN-a and -ÃŸis expected since these

IFNs compete for and probably act through the same receptor.
Three of 15 patients Ã©valuablefor tumor response developed

a partial (2) or minor (1) response. We were unable to detect
any difference in in vitro or in vivo biological response to IFN-
/iserbetween responders and nonresponders. However, again the
number of responders was too small to draw the conclusion
that the immunological parameters measured were not related
to tumor response. However, these findings suggest that IFN-
ÃŸx,may have antineoplastic activity by a direct antitumor rather
than by an immunological mechanism. It is also interesting that
in a similar study of recombinant IFN-7 (Biogen) we observed
none of the in vivo immunological effects or biochemical effects
noted above for IFN-&Â«,and also observed no antitumor effects
in 13 patients with metastatic renal cell carcinoma (18).
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