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Abstract-Patients with metastatic cancer were given single intramuscular injections 
of 10’ units of partially purified Prefiarations of either leukocyte or fibroblast ZFN. 
Serum levels of interferon, of &microglobulin and of carcino-embyonic antigen 
(CEA), as well as NK activity of circulating lymphocytes, were followed over a period of 
96 hr post injection. In confirmation of previous studies, levels of circulating ZFN were 
lower after injection of fibroblast ZFN than after injection of leukocyte ZFN. Despite this 
difference in phawnacokinetics, the natural killer activity of circulating lymphocytes was 
enhanced with both ZFNs. Levels of CEA were not influenced by the ZFN injections. 
Leukocyte but not fibroblast ZFN caused an increase in serum levels of &microglobulin 
in the circulation. A similar diflerence between leukocyte and jibroblasl ZFN 
in their ability to in@nce the &microglubulin system was observed in experi- 
ments on cell cultures. Only leukocyte ZFN was able to cause release of &- 
microglobulin by either leukocytes or jibroblasts. 

INTRODUCTION 

THE USE of interferon (IFN) as a 
agent for tumour-bearing patients 

therapeutic 
has gained 

considerable interest after the reports demon- 
strating potent enhancing effects of IFN on the 
immune system. Thus, besides its direct effect 
on tumor cell multiplication [l], IFN may 
influence the host-tumor relationship by 
activating cells with potential antitumor activity 
such as Natural Killer (NK) cells [2, 31, 
Killer (K) cells [3] or macrophages [4]. IFN also 
plays a role by its capacity to modify the 
metabolism of certain molecules involved in 
immune functions, such as antigen receptors 
[5], histocompatibility antigens [6-81 or recep- 
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tors for the Fc fragment of immunoglobulins 
19, 101. 

Human IFN in sufficient amounts to per- 
form clinical trials can be prepared in various 
ways. Fresh leukocytes [l I] or cultured lym- 
phoblastoid cells [12], upon infection with cer- 
tain viruses, produce IFN consisting mainly 
of a-type molecules (HuIFN-(r) as defined by 
the International Committee on Interferon 
Nomenclature [13]. Cultured human fibroblast, 
after induction with double-stranded RNA, 
produce &type IFN (HuIFN-P) [14]. These 
two types of IFN differ in their chemical struc- 
ture [15, 161 and pharmacological properties 
[17, 181. They also differ in at least some biolo- 
gical properties, e.g., in their relative effects on 
the growth of cultured human cells [19] and in 
their dose-response curves in certain assay sys- 
tems [20]. 

The purpose of the present study was to 
compare these two IFNs as to their effects on 
certain immunological parameters which could 
be used as biological markers to follow poten- 
tial therapeutic effects. 
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In particular, the following parameters were 
chosen: (a) serum levels of carcinoembryonic 
antigen (CEA), a non-specific marker of tumor 
proliferation; (b) serum levels or release by 
cultured cells of &-microglobulin, a molecule 
associated with the major histocompatibility 
complex (MHC) products; and (c) NK activity 
of circulating lymphocytes, i.e. spontaneous 
cytotoxic effect of lymphocytes exerted on cer- 
tain tumor cell lines. 

The effects of IFNs were studied both in 
vitro, by addition of IFN to cultured cells, or in 
uivo, by measuring the parameters in patients 
given intramuscular injections. 

We show that both leukocyte and fibroblast 
IFNs enhance NK cell activity in viuo, but have 
no effect on the level of serum CEA. Leukocyte 
but not fibroblast IFN causes an increase in the 
&microglobulin levels both in viva and in 
vitro. 

MATERIALS AND METHODS 
Patients 

The study was done on 10 patients treated at 
the Institut Curie for advanced metastatic 
cancer. Age, sex and diagnosis are given in 
Table 1. 

Interferons 
Leukocyte [ 1 l] and fibroblast [ 141 IFNs were 

prepared as described earlier. Both prepara- 
tions had a specific activity of cu. lo6 units/mg 
protein. 

Analytical grocedures 
Serum was obtained from lo-ml blood sam- 

ples collected in glass tubes, allowed to clot at 
room temperature and centrifuged for 10min 
at 1000 g. The samples were stored at -20°C 
until analyzed. Interferon concentrations in 
serum were determined using a cytopathic 
effect inhibition assay on trisomic cells (GM 
2504, obtained from Dr. A. Greene, Institute of 
Medical Research, Amden, NY) challenged 
with vesicular stomatitis virus. Interferon titra- 
tions were calibrated with laboratory standards 
of leukocyte and fibroblast IFNs and all con- 
centrations were expressed in international 
units. 

&Microglobulin levels were assayed using a 
solid phase radio-immunoassay (Phadebas, 
Pharmacia, Uppsala, Sweden). 

The level before treatment [(Pnm)o] was taken 
as a reference and the results were expressed 
as the percent increase of this basic level to 
(&m),, according to the following formula: 
(% increase = 100 x [(&m), - (&m)0l/(&n)0. 

Since in serum the &-microglobulin levels 

can be influenced by renal function, creatinin 
levels were determined in each sample. Crea- 
tininaemia was found to be constant throughout 
the follow-up period in each patient. 

CEA levels in serum were assayed without 
extraction using the double antibody radio- 
immunoassay kit provided by the Commissariat 
a 1’Energie Atomique (Saclay, France). With 
this assay, levels below 10 pg/l are considered 
normal. 

Prefiaration of lymphocyte and fibroblast suspensions 
Peripheral blood was collected in a syringe 

containing heparin (Calciparine, Laboratories 
Choay, Paris, France) and lymphocytes were 
prepared on a Ficoll gradient (Ficoll Radio 
Selectan, Sigma, St. Louis, Missouri, USA, and 
Schering, Bonn, W. Germany) as previously 
described [21]. The lymphocytes were resus- 
pended at a final concentration of 10’ cells/ml 
in RPM1 1640 medium (Eurobio, Paris, France) 
supplemented with 20% foetal calf serum 
(FCS, Gibco, Glasgow, Scotland). 

Human diploid fibroblasts (strain MRC5) 
used for experiments on p,-microglobulin 
release were cultivated as monolayers in Eagle’s 
Minimum Essential Medium with 10% FCS. For 
experiments on /3s-microglobulin release, 2.5 X 
lo5 cells were seeded on cover slips. 

Lymphocyte cytotoxicity assay 
Cells of the K 562 line (kindly provided by 

Dr. M. Fellous, Hospital St. Louis, Paris, France) 
were used as target cells. They were grown in 
RPM1 1640 medium supplemented with 10% 
FCS and 40 mg/l Gentalline (Unilabo, Paris, 
France). 

The cytotoxicity assay was performed ac- 
cording to Cerottini and Brunner [22]. Briefly, 
K 562-cells were labelled by adding 200 &i of 
Na2[5’Cr]04 (CEA, Saclay, France) to 10” cells 
in 0.2 ml of growth medium. After incubation 
for 1 hr at 37“C, the cells were extensively 
washed and resuspended at lo5 cells/ml in 
growth medium. Aliquots of 100 ~1 of this 
suspension were mixed with equal volumes of 
lymphocyte suspensions at effecter/target ratios 
varying from 25/l to 100/l. The cell mixures 
were incubated for 4 hr at 37°C. At the end of 
incubation period, 100 ~1 aliquots of the 
supernatants were transferred into vials and 
counted in a gamma counter (C.G. 4000 Inter- 
technique, Paris, France). 

The percentage of specific [5’Cr] release was 
determined according to the formula: (E- 
S)/(T - S), where E is the amount of [5’Crl 
released from the target cells in the presence 
of lymphocytes, S is the spontaneous release of 
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[51Cr] measured in control cultures (target cells data of group 3 (Table l), it can be seen that 
mixed with culture medium) and T is the the threshold dose required to obtain this effect 
maximum release when control cultures are was probably similar (3 x lo6 units) for the two 
treated with 2 N HCl. Spontaneous release did IFN preparations. However, in view of the 
not exceed 15%. All assays were done in tripli- fluctuations of NK cell activity within patients, 
cate cultures. The variability for the triplicate ascertainment of this point needs additional 
determination did not exceed 10%. determinations in a larger group of patients. 

RESULTS 
Modification of immune parameters following i.m. 
injection of IFN in patients 

In a first experimental group, single i.m. 
injections of 10’ units of either leukocyte or 
fibroblast IFN were given to 5 patients with 
metastatic cancer (Table 1). Each patient 
received two injections, with a time interval of 1 
week, the first injection consisting of one type 
of IFN, the second injection consisting of the 
other type. Blood samples were taken a few 
minutes before injection and 1, 4, 9, 24, 35, 48, 
72 and 96 hr post-injection. A second experi- 
mental group was treated similarly, except that 
each patient received consecutive injections of 
the same type of IFN. In the third group, the 
effect of different doses of IFN was studied. 

Table 1 gives an overview of the results 
obtained. It is clear that leukocyte IFN was 
easily detectable in the serum of injected 
patients; with fibroblast IFN serum, titers of 
antiviral activity were much lower and some- 
times undetecable. Injections of leukocyte IFN 
were followed by an increase in &micro- 
globulin levels. This was not the case with 
fibroblast IFN. In contrast, fibroblast IFN, as 
well as leukocyte IFN, caused an increase in 
NK cell activity. It can be seen that NK cell 
activity fluctuated independently of interferon 
administration, as evident from comparison of 
the zero time points within each patient. Statis- 
tical analysis (Student’s t-test) of the NK cell 
activity values of all patients, except BER, who 
received only 1 x lo6 units of IFN, revealed that 
the average spontaneous change in specific 
chrome release (X = difference between first 
and second zero time point in each patient) was 
0.3 + 11.0 (95% two-sided confidence limits; 
n = lo), against 23.3+ 13.2 (n = 9) for the 
change induced by fibroblast IFN injection and 
39.9 ? 12.3 (n = 9) for that induced by leukocyte 
IFN. Hence, both increases are statistically 
significant at the P < 0.01 level. The analysis 
also shows that the increase induced by fibro- 
blast IFN was smaller than that induced by 
leukocyte IFN. However, with the present, rela- 
tively small number of observations, this 
difference between the two IFN treatments was 
only significant at the P < 0.10 level. From the 

Figure 1 shows two representative cases in 
which patients YAD and EIJV received first an 
i.m. injection of 10’ units of leukocyte IFN, 
followed by the same dose of fibroblast IFN. It 
apears that both IFNs enhanced NK cell 
activity with similar kinetics: a small peak im- 
mediately after IFN administration, the maxi- 
mum increase being at 48 hr after the injection. 
After this maximum, NK cell activity decreased 
at 96 hr to the starting level. By contrast, the 
two IFNs differed with respect to the levels of 
serum antiviral activity and &-microglobulin. 
Leukocyte IFN administration was followed by a 
peak of antiviral acitivity in the first hours after 
the injection (maximum at 4 hr) and by an 
increase in serum Ps-microglobulin (over 100% 
of the starting level), peaking at 24 hr, both 
parameters returning to starting level thereaf- 
ter. Administration of fibroblast IFN was fol- 
lowed by low or undetectable antiviral activity 
in the serum. 

As another parameter of possible effects of 
interferon on the tumor-host relationship, the 
serum levels of CEA were studied. The results 
of these determinations are summarized in 
Table 2. No modification under the influence 
of interferon therapy was observed, regardless 
of whether pretreatment levels were high, low 
or undetectable. 

Enhancement of /3s-microglobulin production by 
IFN in vitro 

Suspensions of peripheral blood lymphocytes 
(5 X lo6 cells/ml) or monolayers of cultured 
fibroblasts (ca. 2.5 X ld cells/ml) were incubated 
at 37°C with lo4 units/ml of either leukocyte or 
fibroblast IFN. Supernatant fluid samples were 
collected at 4 and 24 hr, and &microglobulin 
contents were measured. Figure 2 shows the 
results obtained in these experiments. All 
lymphocyte cultures (Fig. 2), including un- 
treated controls, released measurable quantities 
of &-microglobulin. Fibroblast IFN had no 
effect on this spontaneous release. In contrast, 
cultures treated with leukocyte IFN released 
about 3 times more than untreated controls 
both at 4 and 24 hr. A rather similar situation 
was encourted with fibroblast cultures (Fig. 2B), 
with the difference that in this case, &micro- 
globulin release was low in the supernatants of 
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75y B Patlent EUV 

Fig. 1. Serum levels of IFN (A) and &microglobulin (W), and NK cell activity (0) in two patients ( YAO and ECJV) 
given a single i.m. injection of 10’ units of leukocyte IFN (full lines), followed one week later by a same dose offibroblast 

IFN (dashed lines). 

B 

I 
I 

!I 

0 4 B 12 lb 20 24 0 4 8 12 lb 20 24 

lnrubatlon Time /Hours1 

Fig. 2. Release of &-microglobulin by lymfihocytes (A) and 
fibroblasts (B) incubated with kuhocyte orfibroblast IFN. Suspen- 
sion of lymphocyks (5 x 106 cells) or monolayers of fibroblasts 
(2.5 X 106 cells) incubated in 1 ml of control medium (0) or 
medium with 10’ units of lcrukocyk (M) orfibroblast (A) ZFN. Bars 

indicate ? 1 standard error of mean. 

both control and fibroblast IFN-treated cul- 
tures, while leukocyte IFN treament induced 
an increased release of &-microglobulin. 

DISCUSSION 
Single intramuscular injections of leukocyte 

IFN (10’ units) in patients resulted in measur- 
able levels of antiviral activity in the serum for 
several hours, with peak values at l-4 hr, vary- 
ing between 80 and 500 units/ml. With fibro- 
blast IFN, at similar dosages, only very small 
amounts of antiviral activity were detected for 
only a very short period post-injection. This 
confirms previous findings of several authors 
who also found different pharmacokinetic 
behaviour of leukocyte and fibroblast IFNs in 
man [23], as well as in animals [17, 181. Both 
IFNs have been shown to activate NK cell 
activity when added to cultures of peripheral 
blood lymphocytes in vitro [4, 211. It has also 
been shown by others [24] that i.m. injections 
of leukocyte IFN in patients enhance NK cell 
activity detectable by testing spontaneous cyto- 
toxicity of the patient’s peripheral lymphocytes 
towards tumor cells in vitro. These results were 
confirmed in the present study. Moreover, we 
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also found that i.m. injection of fibroblast IFN, 
despite the low or undetectable serum levels of 
antiviral activity obtained, was able to activate 
the NK cell system in uivo. The level of activa- 
tion obtained by fibroblast IFN was probably 
smaller than that obtained by leukocyte IFN. 
However, additional comparisons are needed 
to ascertain this point and, eventually, to 
determine the mechanism of this difference. In 
the preliminary dose-response experiment 
described here, it was found that the threshold 
dose to obtain activation of the NK cell system 
in patients was about 3 X lo6 units for both 
types of IFN preparation, indicating that dos- 
age itself was probably not responsible for the 
possible difference in levels of stimulation. 

An important point made clear by the 
present study is the fact that the low blood 
levels obtained with intramuscular injections of 
fibroblast as opposed to leukocyte IFN do not 
preclude fibroblast IFN from reaching cells of 
the lymphoid system. It is unlikely, therefore, 
that these low blood levels are due to rapid 
destruction of fibroblast IFN before it reaches 
the blood stream. A more plausible explanation 
would be that fibroblast IFN is released more 
slowly from the injection site or is transferred 
more rapidly from the circulation to the tissues. 

In general, our experiments and those of 
others seem to indicate that fibroblast and 
leukocyte IFNs have similar effects on the NK 
cell system in uivo as well as in vitro [4, 211. 
This is of particular significance as it is believed 
that activation of the NK cell system is an im- 
portant mechanism of the antitumor action of 
all IFNs. 

In contrast to what was seen in the NK cell 
system, leukocyte and fibroblast IFNs differed 
from each other in their effects on the release 
of &-microglobulin. Leukocyte IFN, when in- 
jected intramuscularly, caused elevation of &- 
microglobulin levels in the serum, while fibro- 
blast IFN failed to do so. This difference may 
have been due to different levels of IFN reach- 
ing the cells that produce /3p-microglobulin. 
Alternatively, it may be due to different tissue 
specificities or to inherently different capacities 
of leukocyte and fibroblast IFNs to affect the 
&-microglobulin system. To help distinguish 
between these possibilities, in vitro experiments 
were performed. Leukocyte IFN caused in- 
creased &microglobulin release by lympho- 
cytes and fibroblasts, while fibroblast IFN 

failed to do so. Therefore, failure of fibroblast 
IFN to cause release of &microglobulin in viva 
cannot be attributed to inability to reach the 
cells, since in the in vitro experiments both 
IFNs were applied in equivalent doses. Nor can 
differences in tissue specificity be invoked, since 
leukocyte IFN enhanced &microglobulin 
release by both lymphocytes as well as fibro- 
blasts. We are thus left with the hypothesis that 
the difference in effect on &microglobulin 
release between leukocyte and fibroblast IFN 
preparations reflects inherently different pro- 
perties of (Y- and B-type IFNs. 

&-Microglobulin is linked to the products of 
the major histocompatibility complex, HLA in 
humans [25] and H-2 in mice [26]. These 
products are themselves modified by, or asso- 
ciated with, the virus-coded [27] or tumor- 
associated antigens [28] which act as targets for 
cytotoxic T-lymphocytes [29]. It has been 
shown by others that the expression at the cell 
membrane of &microglobulin as well as of 
H-2 and HLA molecules is increased upon in- 
cubation of cells with IFN [6-81. An increase of 
expression of Ia-antigens, on the other hand, 
was not seen [8, 301. Increased serum levels of 
&-microglobulin in patients treated with leuk- 
ocyte IFN could then be due to enhanced 
expression of the major histocompatibility 
complex in various cells in the body. The im- 
portance of such a phenomenon in mediating 
the antitumor effect of IFN is still unknown. 
However, a difference in effect of leukocyte 
and fibroblast IFN on the metabolism of &- 
microglobulin or HLA molecules may result in 
different therapeutic effects in virus-infected or 
tumor-bearing patients. 

Preparations of IFN have been shown to 
enhance the expression of various cell mem- 
brane components, such as receptors for syn- 
thetic polypeptides [30], receptor for Con- 
canavalin A [31], receptors for the Fc-fragment 
of IgG [9, lo] and also of CEA [32]. In the 
patients treated with IFN, no changes in serum 
levels of CEA were noted. Thus, it would ap- 
pear that increased levels of &microglobulin 
in patients treated with leukocyte interferon 
reflect a specific effect, rather than just non- 
specific increase in release of various cell 
membrane components. 

Acknowledgements-We thank Dr. M. Fellous for providing 
K562 cells, and Miss M. A. Provost, M. RiviPre and M. 
Thioux for competent technical assistance. 

REFERENCES 
1. GRESSER I. On the varied biologic effects of interferon. Cell Zmmunol 1977, 34, 

406-415. 
2. GIDLUND M, ORN A, WICZELL H, SENIK A, GRESSER I. Enhanced NK cell activity in 



250 Miguel A. Lucero et al. 

mice injected with interferon and interferon inducers. Nature (Land) 1978, 273, 
759-761. 

3. HERBERMAN RB, DJEU JY, KAY HD et al. Natural killer cells: characteristics and 
regulation of activity. Zmmunol Rev 1979, 44, 43-70. 

4. HERBERMAN RB, ORTALDO JB, BONNARD GD. Augmentation by interferon of 
human natural and antibody-dependent cell-mediated cytotoxicity. Nature (Lond) 
1979, 427, 221-223. 

5. HAMBURG SI, MARREJIAS RE, RABINOVITCH M. Macrophage activation: increased 
ingestion of IgG-coated erythrocytes after administration of interferon inducers to 
mice. J Exfi Med 1978, 147, 593-598. 

6. LINDAHL P, LEARY P, GRESSER I. Enhancement of the expression of histo- 
compatibility antigens of mouse lymphoid cells by interferon in vitro. Eur J 
Zmmunol 1974,4, 779-784. 

7. LINDAHL P, GRESSER I, LEARY P, TOVEY MG. Interferon treatment of mice: 
enhanced expression of histocompatibility antigens on lymphoid cells. Pt-oc Natl 
Acad Sci USA 1976, 74, 1284-1287. 

8. FELLOUS M, KAMOUN M, GRESSER I, BONO R. Enhanced expression of HLA 
antigens and &-microglobulin on interferon-treated human lymphoid cells. Eur J 
Zmmunol 1979,9, 446449. 

9. FRIDMAN WH, GRESSER I, BANDU MT, ACUET M, NEAUPORT-SAUTES C. Interferon 
enhances the expression of Fc y receptors. J Zmmunol 1980 144, 2436-2441. 

10. ITOH K, INOUE M, KATAOKA S, KUMAGAI K. Differential effect of interferon 
expression of IgG- and IgM-Fc receptors on human lymphocytes. J Zmmunol 
1980, 124, 2589-2595. 

11. CANTELL K, HIRVONEN S. Large scale production of human leukocyte interferon 
containing 10” units per ml. J Gen Viral 1978, 39, 541-545. 

12. STRANDER H, MOCENSEN KE, CANTELL K. Production of human lymphoblastoid 
interferon. J Clin Microbial 1975, I, 116117. 

13. STEWART WE. Interferon nomenclature. Nature (Land) 1980, 286, 100. 
14. BILLIAU A, VAN DAMME J, VAN LEUVEN F et al. Human fibroblast interferon for 

clinical trials: production, partial purification and characterization. Antimicrob 
Agents Chemother 1979, 16, 49-55. 

15. KNIGHT E, JR, HUNKAPILLER MW, KORANT BD, HARDY RWF, HOOD LE. Human 
fibroblast interferon: amino acid analysis and amino terminal amino acid sequence. 
Science 1980,407, 525-526. 

16. ZOON KC, SMITH ME, BRIDGEN PJ, ANFINSEN CB, HUNKAPILLER MW, HOOOD LE. 
Amino terminal sequence of the major component of human lymphoblastoid 
interferon. Science 1980, 407, 527-528. 

17. BILLIAU A, DE SOMER P, EDY VG, DE CLERCQ E, HEREMANS H. Human fibroblast 
interferon for clinical trials: pharmaco-kinetics and tolerability in experimental 
animals and humans. Antimicrob Agents Chemother 1979, 16, 56-63. 

18. VILCEK J, SULEA IT, ZEREBECKYJ IL, YIP YK. Pharmacokinetic properties of 
human fibroblast and leukocyte interferon in rabbits. J Clin Micro&o1 1980, II, 
102-105. 

19. EINHORN S, STRANDER H. Is interferon tissue specific? Effect of human leukocyte 
and fibroblast interferons on the growth of lymphoblastoid and osteosarcoma cell 
lines. J Gen Viral 1977, 35, 573-577. 

20. EDY VG, BILLIAU A, DE SOMER P. Human fibroblast and leukocyte interferons 
show different dose-response curves in assay of cell protection. J Gen Viral 1976, 
31, 251-255. 

21. LUCERO MA, FRIDMAN WH, PROVOST MA et al. Effect of various interferons on the 
spontaneous cytotoxicity exerted by lymphocytes from normal and tumour- 
bearing patients. Cancer Res 1981, 44, 294-299. 

22. CEROTTINI JC, BRUNNER KT. In vitro assay of target cell lysis by sensitized lym- 
phocytes. In: BLOOM BR, GLADE PR, eds. In vitro Methods in Cell Mediated 
Immunity. New York, Academic Press, 1971, 369-373. 

23. EDY VG, BILLIAU A, DE SOMER P. Non appearance of injected fibroblast interferon 
in the circulation. Lancet 1978, i, 451-452. 

24. HUDDLESTONE JR, MERICAN TC, OLDSTONE MB. Induction and kinetics of natural 
killer cells in humans following interferon therapy. Nature (Land) 1979, 284, 
417419. 

25. NEAUPORT-SAUTES C, BISMUTH A, KOURILSKY FM, MANUEL Y. Relationship be- 



Eflects of Leukocyte and Fibroblast Interferon on Immunological Parameters 

tween HL-A antigens and &microglobulins as studied by immunofluorescence on 
the lyphocyte membrane. J Exp Med 1974, 139,957-968. 

26. VITETTA ES, POULIK MD, KLEIN J, UHR JW. Beta 2 microglobulin is selectively 
associated with H-2 and TL alloantigens on murine lymphoid cells. J Ex# Med 1976, 
144, 179-192. 

27. SENIK A, and NEAUPORT-SAUTES C. Association between H-2 and vaccinia virus- 
induced antigens on the surface of infected cells. J Zmmunol 1979, 124, 1461-1477. 

28. MESCHINI A, INVERNIZZI G, PARMIANI G. Expression of alien H-2 specificities on a 
chemically induced Balb/c fibrosarcoma. Znt J Cancer 1977, 20, 271-283. 

29. ZINKERNACEL RM, DOHERTY PC. MHC-restricted cytotoxic T cells: studies on the 
biological role of polymorphic major transplantation antigens determining T-cell 
restriction-specificity, function, and responsiveness. Adv Zmmunol 1979, 27, 52-180. 

30. LONAI P, STEINMAN L. Physiological regulation of antigen binding to T cells; role 
of a soluble macrophage factor and of interferon. Proc Nat1 Acad Sci USA 1977, 75, 
5662-5666. 

31. HUET C, GRESSER I, BANDU MT, LINDAHL P. Increased binding of concanavalin A 
to interferon-treated murine leukemia L1210 cells. Proc Sot Ezcfi Biol Med 1974, 147, 
52-57. 

32. ATTALLAH ,4M, NEEDY CF, NOGUCHI PD, ELISBERG BL. Enhancement of car- 
cinoembryonic antigen expression by interferon. Znt J Cancer 1979, 24, 49-52. 

251 


