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Abstract, The stability of interferons-a, -@, and -y (IFN) in serum and synovial fluids were 
compared. Interferon-@ was the least stable interferon species, losing at least 75% of its activity 
during incubation in samples of both serum and synovial fluid. Interferon-a was the most 
stable IFN, but interferon-y under these conditions approached the stability of the a species. 
The inactivation of IFN-@ was found due to dialyzable factors and hence not classical antibodies. 
0 1985 Society for Experimental Biology and Medicine. 

Recent publications have reported the 
presence of interferon (IFN) in the serum 
(1-3) and synovial fluid (SF) (4, 5 )  of patients 
with rheumatic diseases. In these reports, 
interferon activity has been found more often 
in rheumatoid arthritis (RA), systemic lupus 
erythematosus (SLE), and scleroderma. De- 
tection of interferon, since it seemingly occurs 
in selected circumstances, may have diagnos- 
tic implications. 

If IFN detection is to be of diagnostic 
importance, it would be valuable to know 
the stability of IFN in the body fluids of 
patients with rheumatic diseases. This is of 
special significance in diseases like SLE since 
it has been reported that such patients can 
have antiinterferon antibodies (6). 

In the past we have shown that serum 
from normal patients has an adverse effect 
on IFN-p but not IFN-a (7). In the initial 
phase of the investigation reported here, we 
compared the effects of serum from normal 
controls and from patients with RA, SLE, 
and degenerative joint disease (DJD) on the 
bioactivity of IFN-a and -p. Likewise, we 
tested the effects of SF from patients with 
rheumatic diseases on the titers of these same 
interferons. In the second phase of this study 
we compared the ability of the two body 
fluids from similar patients to inactivate 
IFN-7. 

We have found serum and SF from patients 
with rheumatic disease almost universally 
inactivated IFN-p but never decreased the 
titer of IFN-a. Crude IFN-y was inactivated 
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by a limited number of serum and SF samples 
from patients with rheumatic diseases. The 
extent of IFN-a, -p, and -y inactivation seen 
in serum from patients with rheumatic dis- 
eases was not significantly different from that 
seen in the same fluid from normal individ- 
uals. 

Materials and Methods. IFN assays. IFN 
of the a and p subtypes were assayed on 
foreskin fibroblasts using a microtiter assay 
as previously described (8). This assay method 
employs vesicular stomatitis virus (VSV) as 
challenge. Interferon- y was assayed on muscle 
skin fibroblasts (MSF cells) using the same 
microtiter method except that encephalo- 
myocarditis virus (EMC) was employed as 
the challenge. The EMC virus was the gift of 
Dr. I. Braude, Malloy Laboratories (St. Louis, 
Mo.). All IEN specimens assayed have been 
standardized using IFN reference a G 023- 

Serum. Serum samples were collected after 
informed consent from patients on the wards 
or in the clinics of the University of California 
Irvine Medical Center and the Long Beach 
Veterans Administration Hospital. All serum 
samples utilized were first assayed for endog- 
enous IFN before being tested for ability to 
inactivate exogenously added IFN. Five of 
the serum samples were found to contain 
IFN activity, but in all cases, the titer of IFN 
present was less than two dilutions (25%) 
of the final titer after addition of exoge- 
nous IFN. 

Synovialfluid. SF specimens were obtained 
from patients whose attending physicians felt 
diagnostic or therapeutic arthrocentesis was 
indicated. All patients had active rheumato- 
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logical diseases. Fluid was obtained only after 
appropriate quantities were allocated for clin- 
ical testing. All SF specimens used were also 
assayed for IFN before the inactivation ex- 
periments were performed. Only one SF 
sample had a low titer of IFN present before 
testing and this titer was well below the level 
of IFN activity after the addition of exoge- 
nous IFN. 

IFN preparation. Crude IFN-a, -p, and 
-y were prepared in our laboratory as previ- 
ously reported (9). Partially purified inter- 
feron-y was the generous gift of Dr. I. Braude. 

IFN bod.vjluid interaction. For the inacti- 
vation experiments, three parts of either SF 
or serum were mixed with one part of indi- 
vidual IFN preparations. Incubation was car- 
ried out in a water bath for 24 hr at 37°C. 
Concurrently an identical IFN preparation 
was added to L-15 tissue culture media sup- 
plemented with 250 u/penicillin, 150 pg/ml 
streptomycin, 30 pg/ml glutamine, 90 pg/ml 
arginine, and 1 mg/ml of glucose. This latter 
preparation served as the control. After in- 
cubation, all samples were immediately ti- 
tered for IFN activity. IFN residual activity 
in the body fluid was then calculated as: 

Residual Activity 

IFN Titer in Body Fluid 
IFN Titer in L- 15 Diluent x 100. - - 

In addition we evaluated the number of 
specimens inactivating at least two dilutions 
(75%) of the IFN activity as compared to the 
control. Specimens inactivating a given IFN 
species to this extent were termed significant 
inactivators. The two dilution assessment 
was selected for statistical analysis because 
this amount of difference is significant in our 
microtiter assay and cannot be explained by 
test variability alone. 

Results. In the initial phase of this study 
we demonstrated that IFN-a and -y will lose 
50% of their activity when incubated at 37°C 
for 24 hr as compared to an identical aliquot 
incubated at 4°C. Under these same circum- 
stances IFN-p loses 65% of its activity. Thus 
to determine inactivation of IFN by body 
fluids, it is necessary to adjust for thermal 
inactivation at 37°C. This can be done by 
relating results to IFN concurrently exposed 
to control fluids at 37°C. 

Table I depicts the results of experiments 
in which the relative stability of IFN-a and 
-0 in serum are compared. IFN-a was stable 
(i.e., had identical activity to the control) in 
every specimen tested. In contrast, 23 out of 
30 serum specimens inactivated IFN-/3 by at 
least two dilutions of activity (i.e., activity in 
serum was at least two wells less than that of 
the controls). This difference is highly signif- 
icant (P < 0.01). The specimens from the 
patients with rheumatic disease had effects 
on both IFN-a and -p that were similar to 
the effects of serum from normals. 

All SF tested from both patients with DJD 
and RA also failed to affect IFN-a activity. 
These samples, however, adversely influenced 
IFN-p activity by at least two dilutions in 19 
of 20 cases tested. This difference is also 
highly significant (P < 0.0 1). 

In the second stage of the study we tested 
a series of samples previously examined for 
ability to reduce IFN-a and -p titers for 
capacity to influence IFN-y activity. Since 
interferon-y in our laboratory is assayed in 
a different cell line we wished to be sure the 
two assay systems gave similar results. We 
therefore tested serum from five normal pa- 
tients for ability to inactivate interferon-a, 
-p, and -7. These specimens were concur- 
rently incubated and tested on both types of 
fibroblasts (i.e., IFN-a and -p were assayed 
in both FF and MSF cells). In every case 
there was agreement within one dilution be- 
tween the results in the two cell lines. The 
normal serum had no influence on a activity 
(mean RA of 95%) but in all cases inactivated 
IFN-P by at least two dilutions (mean RA of 
7%). Only one of the five specimens inacti- 
vated the y activity by two or more dilutions 
(mean RA = 76%). A separate group of five 
additional serum samples from normal con- 
trols were also tested for ability to inactivate 
the three IFN species. After the specimens 
were appropriately aliquoted, each of the 
three IFN species was added independently 
to vials of the serum. Appropriate L-15 con- 
trols were prepared for each IFN species. 
Concurrent incubation was carried out and 
then titration performed on the appropriate 
cell lines (IFN-a and -p titrated in FF cells 
and y on MSF cells). Of this second control 
group, all inactivated IFN-/3 by two or more 
dilutions and none influenced the activity of 
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TABLE I. THE EFFECT OF SERUM AND SYNOVIAL FLUID FROM PATIENTS WITH RHEUMATIC 
DISEASES ON INTERFERON-a AND -B 

IFN-(u IFN-p 

Number Number Number 
specimens Numbers specimens specimens 
with no specimens Mean* with no inactivating Mean" 
effect on inactivating residual effect on 275% IFN residual 

Total IFN 275% IFN activity IFN units activity 
specimens 

Diagnosis tested Serum 

Degenerative 

Rheumatoid 

Systemic 

joint disease 8 8 0 100% 0 7 24% 

arthritis 15 15 0 100% I 10 34% 

lupus 7 7 0 100% 1 6 18% 

Synovial fluid 

Degenerative 

Rheumatoid 
joint disease 8 8 0 100% 0 8 17% 

arthritis 12 12 0 100% 1 1 1  23% 

Interferon Titer in Specimen 
Interferon Titer in L-15 control 

Mean residual activity after 24 hr incubated at 37°C = x 100. 

either IFN-a or -7. The mean RA for IFN- 
a, -@, and -7, respectively, in the 10 control 
samples was 95, 16, and 80%. These results 
were repeated on two occasions. 

Subsequently, 12 samples of serum from 
patients with rheumatic diseases and 13 of 
samples of SF from similar individuals were 
examined for IFN-y inactivation. Two of the 
serum and two of the SF samples inactivated 

interferon-y by two or more dilutions. The 
two serum specimens included one of three 
samples from patients with DJD, and one of 
four samples from patients with RA. Of these 
two serum samples both had previously been 
shown to inactivate IFN-p by two dilutions 
and all had been shown to be without effect 
on IFN-a. Using the x 2  method, the number 
of serum specimens that inactivated IFN-y 

TABLE 11. THE EFFECT OF SERUM FROM NORMAL PATIENTS ON INTERFERON-a. -a. AND -Y 

Interferon titer 

Interferon-a 

Serum specimen Test Control 

A" 320 320 
B" 320 320 
C" 320 320 
D" 160 320 
E" 320 320 
F 160 160 
G I60 160 
H 160 160 
I 160 160 
J 160 I60 

Interferon-p Interferon-y 

Test Control Test Control 

10 
20 
10 
10 
10 
10 
10 
10 
10 
10 

I60 
160 
160 
I60 
I60 
40 
40 
40 
40 
40 

80 
<I0  

80 
40 
80 
80 

160 
160 
160 
160 

80 
80 
80 
80 
80 

160 
160 
160 
160 
160 

Concurrently titered on both FF and MSF cell lines. 
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TABLE 111. THE EFFECT OF SERUM AND SYNOVIAL FLUID FROM PATIENTS WITH RHEUMATIC 
DISEASES ON INTERFERON-? 

Total Number specimens Number specimens Mean ’ 
specimens with no effect inactivated 275% residual 

tested on I F N  of the IFN units activity 

Diagnosis Serum 

Degenerative 
joint disease 3 0 1 50% 

Rheumatoid 
arthritis 5 1 1 55% 

Systemic lupus 4 1 0 63% 

Synovial fluid 

Degenerative 

Rheumatoid 
joint disease 6 

arthritis 7 

2 

3 

2 

0 

58% 

71% 

Interferon Titer in Specimen 
Interferon Titer in LI5 Control 

Mean residual activity after 24 hr incubation at 37°C = x 100. 

by two or more dilutions was not significantly 
different than the number inactivating IFN- 
a ( P  > O.lO), but the number of serum 
specimens inactivating IFN-p to this extent 
was significantly different than the numbers 
inactivating either IFN-a or -y ( P  < 0.05). 

The two SF samples that significantly in- 
activated interferon-y were both from patients 
with DJD and both had been shown to 
adversely influence IFN-p and to be without 
effect on IFN-a. Thus the number of SF 
specimens inactivating IFN-p by two or more 
dilutions was significantly greater than the 
number inactivating IFN-a or -y ( P  < 0.05) 
but the difference in the number of specimens 
inactivating IFN-y to this extent was not 
significantly different than the number inac- 
tivating IFN-a ( P  > 0.10). 

Ten samples of serum including 4 from 
patients with DJD and 6 from patients with 
RA were exposed to partially purified IFN- 
y. None of these 10 samples had any effect 
on the partially purified IFN-y nor did 8 
samples of SF (4 from patients with DJD 
and 4 from patients with RA). 

Four samples of SF (two from patients 
with RA and two from patients with DJD), 
were concurrently tested at 4 and 37°C for 
interferon$ inactivators. All four samples 
caused the loss of two or more dilutions, of 
IFN activity after 24 hr at 37°C as compared 
with that of the control incubated under the 

same circumstances. None of the four samples 
tested demonstrated IFN-p inactivation at 
4°C compared with the control samples in- 
cubated at the same temperature. Thus, the 
SF IFN inactivator is temperature dependent. 

Aliquots of six SF specimens were dialyzed 
for 24 hr against PBS and then dialyzed and 
undialyzed specimens were exposed to IFN- 
P under the circumstances described above. 
In five cases, dialysis removed the inactivators 
as demonstrated by the fact exposure to the 
undialyzed specimens resulted in the loss of 
at least two dilutions of IFN activity but 
exposure to the dialyzed specimens failed to 
lower the IFN titers. One specimen of di- 
alyzed SF did significantly lower the activity 
of the added IFN. 

Only one of the three serum samples found 
to significantly inactivate IFN-7 was available 
for further testing. This sample taken from a 
normal control was tested before and after 
dialysis for ability to inactivate IFN-7. In 
this situation, dialysis failed to remove the 
inactivator. Sufficient sample was not avail- 
able for further characterization of the sub- 
stance diminishing the IFN-?. activity. 

Discussion. These studies clearly demon- 
strate the greater stability of IFN-a in the 
serum and SF of patients with rheumatic 
diseases as compared with that of IFN-/3. 
This is in agreement with earlier studies 
(10) in various body fluids from normal pa- 
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tients where the relative stability of IFN-a 
was initially demonstrated. Furthermore the 
overall effect of serum from patients with 
rheumatic diseases was very similar to that 
of normal patients as regards these two IFN 
species. In the earlier study 52 of 59 samples 
adversely influenced IFN-p by at least two 
dilutions, and the overall MRA was 18%. In 
this study 23 of 30 samples of serum from 
patients with rheumatic diseases had a two- 
dilution adverse influence on IFN-p and the 
overall MRA was 28%. SF has not been 
previously studied but seems to behave as 
serum with a definite effect on IFN-p but 
not IFN-a. 

We have not previously studied the stability 
of IFN-7 in body fluids, but it appears to 
resemble more closely the stability of the a 
rather than the species. Since the IFN-7 
testing was done subsequent to that for a 
and P, the results are not strictly comparable, 
but data from the five controls suggest that 
the assay methods yield similar results and 
that interferon-p is the least stable species in 
serum and in SF. 

We conclude from this that inactivators of 
interferons found in serum and SF of patients 
with rheumatic diseases are unlikely to affect 
recovery of IFN-a, an acid-labile form of 
which is the species recovered most often 
from serum ( 1  1) of patients with rheumatic 
diseases. In contrast these inactivators can 
regularly influence the bioactivity of IFN-p, 
the species found least often in samples from 
such patients. It is possible these inactivators 
could explain some of the difficulty finding 
IFN-p in these specimens. It is also possible 
that in a minority of patients the presence of 
IFN-7 could also be obfuscated by these 
inactivators. 

Although the number of specimens tested 
was small, it did not appear that IFN inac- 
tivators would be found more often in spec- 
imens obtained from patients with any par- 
ticular disease. Serum specimens from pa- 
tients with DJD, RA, and SLE all contained 
/3 and y inactivators. 

The nature of the inactivators has not been 
specifically defined, however, in serum these 
substances are dialyzable factors (10). In the 
six SF samples tested here the results suggest 
that this is also the case for arthrodial fluids 
as dialysis eliminated the inactivator in five 
of the six samples tested. The results of the 

dialysis experiments suggest that the inacti- 
vators are not antibodies. It is possible that 
the loss of IFN-/3 activity represents a ten- 
dency to aggregate in these body fluids. We 
are currently attempting to define specifically 
the nature of the inactivators found so 
frequently in body fluids and the character 
of the y inactivators found in a limited 
number of specimens. It is important to note 
that the inactivators of the IFN-p species can 
be prevented from exerting their effect any 
further by prompt refrigeration of specimens. 
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