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Abstract. In the advanced stages of human immunodeficiency virus (HIV) infection the defective interferon (IFN)
responses have been observed. Persisting high lebels of the acid-labile interferons (al-IFNs) have been found in
sera of the patients with AIDS. The combined antiretroviral therapy, that included the reverse transcriptase and
viral protease inhibitors, resulted in a significant improvement of the clinical state of the majority of HIV-infected
patients. In this report we describe the levels of IFNs in 41 HIV patients subjected to the combined treatment.
High IFN levels (median 84, up to 576 U/ml) were found in sera of patients classified as the stage C2 or C3 of
AIDS before the treatment. The combined therapy resulted in the decrease of IFN levels (median 7.5, up to 24
U/ml) that approached the levels of IFNs detected in the HIV™, A1-A3 stage patients (median 4, up to 36 U/ml).
In contrast, the unsuccessful therapy connected with the worsening of the clinical state and the decrease of cp4*
cell count had no effect on the IFNs levels (median 48, up to 96 U/ml). Thus, the measurements of IFN activity
in sera may be useful for monitoring the effects of the antiretroviral combined therapy. In sera of the AIDS
patients, subjected to the antiviral bioassays, the mixture of the acid-labile and acid-stable form of IFN-a, with
the prevailing a-1FN-a, have been detected.
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I ntroduction

Dysfunction of numerous functions of the immune
system occursin HIV-infected individuals. It was found
that the peripheral blood leukocytes (PBL) of HIV*
individuals have a decreased ability to produce virally-
induced IFN-a in comparison with uninfected control
subjects'™ 19 20. 28. 37, 38, 40, 47 The jmpaired production
of IFN-ywas also observed in AIDS patients when their
leukocytes were treated with mitogen (e.g. PHA) or
LPS® i 20 3L 32, 37. 38, 40 Dyring progression of HIV

infection the levels of IFNsin plasmaincrease. In sera
of AIDS patients the levels of IFNs are unusually high.
The IFNs have been identified as atypical forms of the
biologically active interferon, mainly acid-labile IFN-a
(al-IFN-q) 7 1315 20, 28, 37, 38, 44 46 There are several
possible explanations of the biological phenomenon of
the acid-lability of IFN-a. The hypotheses taken into
consideration (reviewed in *) suggested engagement of
a unique gene’” %°, posttranslational modifications®,
binding (or other interactions) of a plasma factor(s) to
the IFN molecule?® “8 % or synergistic interactions be-
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tween IFN-a and IFN-y, resulting in high IFN levels
determined in biological assays®® 2. Despite of the na-
ture of al-IFN-a, that type of interferon was found to
be important marker of worsening of the clinical state
in the HIV infection” 4 20. 37, 38, 40, 44-46

On the other hand, a combined antiretroviral ther-
apy resulted in the improvement of the clinical state of
patients with AIDS. It coincided with the significant
increase of the CD4* lymphocyte counts in blood and
decrease of viremiain plasma® '® %, The treated AIDS
patients received two reverse transcriptase inhibitors
and one or two viral protease inhibitors. We have con-
cluded that the measurements of the biologically active
IFNsin the sera samples of AIDS patients, subjected to
the combined antiretroviral therapy, are useful to moni-
tor results of the treatment.

Materials and Methods

Patients. Forty one HIV* and AIDS patients were
under care of the Department of Infectious Diseases,
University Medical School, Wroctaw. The patients in-
cluded 24 males and 17 females, age 18-54 (mean age
31), 28 of them (68%) were infected by injecting drugs,
whereas 13 (32%) by sexua transmission. The CD4*
lymphocyte count of every patient was determined. The
patients were treated with the reverse transcriptase in-
hibitors (ZDV - zidovudine, 3TC — lamivudine, ddC
— zdcitabine, ddl — didanosine, d4T — stavudine) and
the viral protease inhibitors (SQV — saquinavir, IDV
— indinavir, RTV — ritonavir) in the following combi-
nations. ZDV + 3TC, ZDV + ddC, ZzDV + 3TC
+ SQV, ZDV + 3TC + IDV, ZDV + ddC + SQV, d4T
+ 3TC + SQV, d4T + 3TC + IDV, d4T + 3TC + RTV,
d4T + ddl + SQV, d4T + ddl + IDV, d4T + ddi
+ RTV, ZDV + ddl + RTV + SQV, d4T + ddl + RTV
+ SQV, d4T + 3TC + RTV + SQV.

The clinical status of the HIV* patients was defined
according to the classification system of the Centersfor
Disease Control (CDC) modified in 1993%. The system
introduced categories A, B and C accompanying with
numbers 1-3. Patients classified as A have generally no
symptoms (aternatively persistent generalized lympha-
denopathy and acute primary retroviral disease). Pa-
tients suffered from at least one of the 28 indicator (for
AIDS) diseases are classified as C. Class B is given
when a patient has disease not included in A or C ca
tegory. The accompanying number is dependent on the
CD4* lymphocyte count: 1 for = 500 cellgpl, 2 for
200499 cells/pl and 3 for < 200 cells/pl. AIDS should
be diagnozed only when an individua is classified as
A3, B3, C1, C2 or C3. The patients included in this
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work were classified as follow: A1 -2, AL/A2 -2, A2
— 13, A2/A3 -4, A3 -9, C2/C3 -3 and C3 — 8 pa
tients.

The HIV-negative control group (15 malesand 8 fe-
males) was heterogenous and consisted of HIV™ pa-
tients recruited at the Department of Infectious Dis
eases or staff of the Laboratory of Virology at Institute
of Immunology and Experimental Therapy.

Blood samples were taken from ulcer vein. After
centrifugation, serum sampleswere obtained and stored
at —20°C prior to interferon measurement.

CD4" lymphocyte count examination. Determina
tions of CD4" cell counts were performed by flow cy-
tometry using FACSCount Reagents (Becton-Dickin-
son Facs Count System). Peripheral blood samples
were stained with CD4/CD3 (Leu 4/3, Becton Dickin-
son) and CD8/CD3 (Leu 4/2, Becton Dickinson), con-
jugated monoclonal antibodies according to the manu-
facturer recommendations.

Interferon assay?> % 3 3 The confluent mono-
layers of A549 cells (human lung adenocarcinoma,
ATCC CCL 185) were prepared on the 96-well micro-
platesin Dulbecco’ s-modified Eagle’ s minimum essen-
tial medium (DMEM) with 10% calf serum, L-glu-
tamine and antibiotics. IFN samples diluted on separate
plates were added to the cell monolayers and incubated
at 37°C for 24 h in atmosphere of 5% CO, in the hu-
midified air. The cells were then washed and chal-
lenged with 100 TCIDs, of encephalomyocarditis virus
(EMCV). After 48 h of incubation at 37°C, the cyto-
phatogenic effect was determined using a modified
MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazo-
lium bromide, Sigma) method® " 2, where the cell
cultures were incubated with 0.5-1.0 mg/ml of MTT
for 2 h at 37°C. Then, SDSYDMF solution (13.5% (w/v)
sodium dodecy! sulphate in 45% (v/v) dimethylforma-
mide, Sigma) was added for at least 2 h and absorban-
ces at 570 nm were measured. The end point of IFN
titration (50% reduction of the cell killing) inthe MTT
assay was considered as the dilution of the IFN sample
resulting in Asz value closest to the value calculated
by the following formula:

As7o (cells) — As7o (EMCV)

As70 (50%) = As70 (EMCV) + 2

where: Aszo (50%) — expected Asz value for acell cul-
ture destroyed by the virus in 50%, Aszo (cells) — Asz
of the control cell culture untreated with IFN or EMCV,
As7o (EMCV) — Asy of the control cell culture treated
with EMCV but not with IFN. The formula had been
established experimentally in our publications? 3,
Laboratory and/or international standards** (NIBSC
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69/19 and NIAID G-023-902-527) of IFNs were in-
cluded in al assays.

Interferon neutralization assay. The interferons
present in serawere treated with different anti-1FN sera
for 1 h at room temperature. Next, IFN level was deter-
mined and compared with the controls, containing only
IFN. The polyclonal sera: sheep anti-HulFN-a and
sheep anti-Hul FN-y were obtained from Dr. Kari Can-
tell (Helsinki, Finland).

Acid treatment. Serum samples were diayzed
against HCI-glycine buffer, pH 2 to inactivate bioactive
IFNs (mainly IFN-y and/or a-1FN-a) and then re-dia-
lyzed against PBS (pH 7). To control the experiment
conditions, a part of the each serum sample studied for
acid sengitivity was dialyzed against pH 7 only.

Satistical analysis. The results were compared by
analysis performed with the Mann-Whitney non-para-
metric U test. The data were considered significant
when p < 0.05.
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Results

Thelevelsof theantiviral activity of IFNs have been
determined in 78 sera of 41 asymptomatic and AIDS
patients. Fifty blood samples were taken from the pa-
tients receiving combined antiretroviral therapy with
two reverse transcriptase and one or two viral protease
inhibitors. In 7 cases the samples were taken when the
patients were treated with 2 reverse transcriptase in-
hibitors. The therapy was considered to be successful
when the clinical improvement (increase of CD4* cell
counts, receding disease symptoms or persisting ab-
sence of symptoms, improvement of mood) was ob-
served. In other cases an unsuccessful effect was stated
and administration of another set of antiviral drugs was
the result of such a conclusion.

The enhanced IFN levels (above 20 U/ml) were
found in 13 sera from 11 patients (Table 1). Eight of
them were patients with an advanced HIV infection
(CDC class C2 or C3) and three with A2 or A3. The

Table 1. Characterigtics of HIV-infected patients and bioactive antiviral levels of IFNs determined in their sera

Patient CcDh4* Antiretrovira therapy Interferon

Serum no. lympho- CDC g duration of  levelin

no.  sex e risk group? (date) cytes  class’ . rugs treatment ~ SErUM

ag group (cells/pl) (effectiveness of treatment)© (weeks) @ (U/ml)
1 2 3 4 5 6 7 8 9 10
1 F 25 IDU 1 (26.02.98) 513 Al ZDV + ddC (NS) 35 12
2 (30.04.98) 601 Al 04T + 3TC + IDV (S) 9 18
F 18 IDU 3 (05.03.98) 644 Al ZDV + 3TC + IDV () 2 3
3 M 24 ST-He 4 (11.12.97) 450 A2 none - <6
5 (15.01.98) 524 Al ZDV + ddC + SQV () 5 <6
6 (25.02.98) 436 A2 ZDV + ddC + SQV (NS) 11 6
7 (14.05.98) 574 Al ZDV + ddC + SQV () 22 6
4 F 29 IDU 8 (12.02.98) 389 A2 ZDV + ddC (NS) 52 3
9 (26.03.98) 559 Al 04T + 3TC + IDV (S) 6 3
10 (07.05.98) 591 Al 04T + 3TC + IDV (S) 12 <3
5 M 26 IDU 11 (23.06.97) 218 A2 none - <3
12 (06.11.97) 214 A2 ZDV + ddC + SQV () 20 <6
13 (09.02.98) 425 A2 ZDV + ddC + SQV (S) 34 <3
14 (14.05.98) 222 A2 ZDV + ddC + SQV (NS) 48 24
6 M 31 ST-Ho 15 (19.02.98) 272 A2 d4aT + 3TC + RTV (S) 32 12
16 (09.04.98) 334 A2 daT + 3TC + RTV (S) 39 12
7 F 20 IDU 17 (19.02.98) 360 A2 none - 3
18 (16.04.98) 292 A2 ZDV + ddC + SQV (NS) 8 3
M 25 IDU 19 (26.02.98) 471 A2 none - 12
M 52 ST-He 20 (02.03.98) 280 A2 none - 3
21 (16.04.98) 288 A2 ZDV + ddC + SQV () 7 5

10 F 32 IDU 22 (05.03.98) 250 A2 ZDV + ddC + SQV () 52

11 M 34 IDU 23 (05.03.98) 279 A2 none - 3
24 (07.05.98) 411 A2 ZDV + ddC + SQV () 8 <3
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1 2 3 4 5 6 7 8 9 10
12 M 27 IDU 25 (26.03.98) 392 A2 none -

13 M 22 IDU 26 (26.03.98) 364 A2 none - 3
14 M 38 IDU 27 (26.03.98) 431 A2 none -
15 F 19 IDU 28 (09.04.98) 286 A2 ZDV + ddC + SQV (NS) 23 3
16 M 39 IDU 29 (09.04.98) 395 A2 ZDV + ddC + SQV (NS) 52 12
17 M 31 IDU 30 (30.04.98) 406 A2 none - 3
18 M 20 IDU 31 (19.11.97) 182 A3 none - <6
32 (19.02.98) 265 A2 ZDV + ddC + SQV (S) 12 12
19 F 28 IDU 33 (08.01.98) 199 A3 d4T + 3TC + SQV (S) 6 3
34 (05.03.98) 211 A2 d4T + 3TC + SQV (S) 15 3
20 F 27 IDU 35 (05.03.98) 130 A3 ZDV + ddC (NS) 28 3
36 (30.04.98) 248 A2 04T + 3TC + RTV + SQV (S) 8 6
21 F 26 IDU 37 (19.03.98) 184 A3 none - 6
38 (30.04.98) 248 A2 d4T + ddl + RTV + SQV (9 6 6
22 M 25 IDU 39 (08.12.97) 26 A3 none - 36
40 (05.02.98) 194 A3 ZDV + 3TC + SQV () 9 6
41 (26.03.98) 166 A3 ZDV + 3TC + SQV (NS) 16 3
42 (21.05.98) 216 A2 daT + ddl + IDV (S 8 3
23 27 IDU 43 (20.01.98) 167 A3 ZDV + ddC + SQV (NS) 33 <3
24 26 IDU 44 (20.02.98) 57 A3 d4T + 3TC + IDV () 4 6
45 (09.04.98) 118 A3 d4T + 3TC + IDV (9 11 12
25 F 39 ST-Ho 46 (05.03.98) 156 A3 d4T + ddl + SQV (NS) 27 3
47 (16.04.98) 154 A3 d4T + 3TC + IDV (NS) 6 9
26 M 46 ST-Ho 48 (05.03.98) 123 A3 ZDV + 3TC (NS) 36 3
49 (02.04.98) 175 A3 ZDV + 3TC (NS) 40 3
50 (14.05.98) 130 A3 d4T +ddl + RTV + SQV (NS) 6 12
27 M 31 IDU 51 (19.03.98) 162 A3 d4T + ddl + RTV (S) 7 6
28 F 36 ST-He 52 (19.03.98) 146 A3 none - 6
29 M 28 ST-Ho 53 (09.04.98) 174 A3 ZDV + ddC (NS) 52 24
30 M 45 ST-He 54 (30.04.98) 197 A3 none - 9
31 F 32 ST-He 55 (05.03.98) 230 C2 ZDV + ddC + SQV (S) 6 12
56 (16.04.98) 96 C3 ZDV + ddC + SQV (NS) 12 24
32 F 23 IDU 57 (05.03.98) 180 C3 ZDV +ddC + SQV () 15 3
58 (26.03.98) 276 C2 ZDV +ddC + SQV () 18 <3
33 M 28 IDU 59 (19.03.98) 90 C3 none - 24
60 (30.04.98) 239 C2 ZDV +ddl + RTV + SQV (9 6 24
34 M 32 IDU 61 (20.10.97) 82 c3 none - 384
62 (17.11.97) ND c3 none - 576
63 (19.02.98) 128 C3 ZDV + 3TC (S 14 12
35 F 54 ST-He 64 (21.11.97) 42 C3 none - 18
65 (05.03.98) 190 C3 ZDV + ddC + SQV (S) 15 3
36 M 39 ST-Ho 66 (04.12.97) 45 C3 ZDV + ddC + SQV (NS) 34 48
67 (08.04.98) 112 C3 d4T + ddl + IDV (S) 18 18
37 M 44 ST-He 68 (04.12.97) 4 c3 ZDV + 3TC + SQV (NS) 35 72
69 (02.04.98) 28 C3 d4T + ddl + IDV (S 17 9
70 (14.05.98) 22 C3 d4T + ddl + IDV (NS) 23 6
38 M 30 IDU 71 (15.01.98) 27 c3 ZDV + 3TC + SQV (NS) 42 9%
72 (05.03.98) 187 C3 d4T + ddl + RTV (S 7 3
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1 2 3 4 5 6 7 8 9 10
39 M 33  ST-Ho 73 (12.02.98) 4 c3 none - 144
74 (26.03.98) 49 C3 ZDV + ddC + SQV () 6 3
75 (07.05.98) 60 C3 ZDV + ddC + SQV (S) 12 6
40 M 33 IDU 76 (17.02.98) 33 C3 none - 9
77 (09.04.98) 166 C3 d4T + ddl + RTV (S) 8 12
a4 F 24 IDU 78 (05.03.98) 70 C3 44T + 3TC + RTV (NS) 25 48

@ Risk group: IDU — injecting drug users, ST-He — sexually transmitted, heterosexuals, ST-Ho — homosexuals.
b Clinical classification according to CDC criteria, 1993 revised classification system for HIV infection®.
€ Antiretroviral therapy: ZDV — zidovudine, 3TC — lamivudine, ddC — zalcitabine, ddI — didanosine, d4T — stavudine, SQV — saguinavir,

IDV — indinavir, RTV — ritonavir. Clinical effect of the therapy: S —

d Duration of the treatment with the indicated set of drugs.

influence of successful combined antiretroviral therapy
on the IFN level could be directly observed only when
a least two serum samples were examined for IFN
activity, and furthermore high IFN levels were found
before therapy or during unsuccessful therapy. For
8 patients such observations were performed. In
7 cases (patients no. 22, 34, 35, 36, 37, 38 and 39) the
decreases of IFN serum levelswere observed after 6-18
weeks of successful therapy. One of the patients (no.
33), despite of 6 weeks of successful treatment, had an
unchanged level of IFN in serum (Table 1).

To evauate relationship between IFN level and
clinical status of the patients, the HIV* patients under
study were divided into grups depending on their CDC

successful, NS — unsuccessful.

classfication (reflecting HIV infection progression) and
clinical effects of the antiretroviral therapy (Table 2).
It was found that the successful combined therapy of
patients with CDC class C2—C3 caused significant de-
cline of the IFN levelsin their sera. In contrast, unsuc-
cessful therapy did not significantly affect high IFN
levels.

The high antiviral IFN levelsin HIV* patients were
found to be neutralized by the polyclonal anti-Hul FN-a
serum, but not by polyclonal anti-HUlFN-y serum
(Table 3). The IFN serum samples were also sensitive
to pH 2 treatment, although not all of the antiviral
IFN activity could be inactivated by acid treatment
(Table 3).

Table 2. Effects of the combined antiretroviral therapy on IFNs levels in the sera of HIV™ patients

. Number of IFN level (U/ml) Significance?
Patients ed
sera test mean+SD median range P Pe

HIV- 23 3.91+2.97 3 <3-12 - -
HIV*, CDC A1-A2:

before therapy 10 4.10+3.25 3 <3-12 NS -

successful therapy 18 5.56+4.91 4 <3-18 NS NS

unsuccessful therapy 7 9.00£7.75 6 324 NS NS
HIV*, CDC A3:

before therapy 5 11.60+13.94 6 <6-36 NS -

successful therapy 5 6.60+£3.29 6 3-12 NS NS

unsuccessful therapy 9 6.78+7.36 3 <3-24 NS NS
HIV*, CDC C2-C3:

before therapy 6 192.50+236.06 84 9-576 p=0.00031 -

successful therapy 12 8.83+7.07 75 <3-24 p=0.03258 p=0.00761

unsuccessful therapy 6 49.00+£32.29 48 6-96 p=0.00057 NS

& Mann-Whitney non-parametric U test was used for determination the statistical significance. In the test al experimenta data lower than
the sensitivity level of the IFN assay (3 U/ml) were considered as 1.0.

b Significant differences of IFNs levels from the group HIV™ individuas.

¢ The comparisons inside each group of HIV* patients were performed. Significant differences with the reference to the subgroups before

therapy are shown.
NS — not significant.
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Table 3. Effects of the neutralization of IFN activity of the AIDS sera by anti-IFNs animal sera and by the acid treatment at pH 2

IFN activity (U/ml) after treatment:

Serum -
: . diaysis a pH 2 an .
no. -IEN- -IEN-
none anti-1IFN-a anti-1IFN-y re-didysis at pH 7 dialysisat pH 7
39 16 <8 16 <6 18
61 334 <8 192 43 192
62 576 8 576 72 576
64 12 <8 12 ND ND
66 48 12 48 ND ND
68 16 <8 16 ND ND
71 36 <12 36 6 48
73 144 <12 144 48 144
78 48 <12 24 ND ND
ND — not done.
Discussion (Table 2). The successful combined antiretroviral ther-

In plasma or sera of control HIV~ individuals little
or none of the IFN antiviral activity can be detected.
The IFN levels, not exceeded 12—-20 U/ml, may be con-
sidered as physiological because they are found in nor-
mal individuals* 1 26 3. %0 After i.v. infusion of 10’
U/m? of rIFN-a2b, peak serum levels in the range of
500-600 U/ml were obtained within 15-30 min, and
then IFN levels returned to baseline values by 4 h. Fol-
lowing i.m. or s.c. injection of that IFN, peak levels up
to 100-200 U/ml persisted for 8-12 h® 43, After i.v.
administration of 6 x 10° U of rIFN-B, the serum levels
of the IFN exceeded 300 U/ml immediately after injec-
tion and then decreased rapidly and returned to baseline
in around 8 h after i.v.* Therefore, high levels of IFNS,
persisting for months or even for years, indicate a pa-
thological process.

The high levels of al-IFN-a in plasma have been
observed in patients with autoimmune diseases (sys-
temic lupus erythematosus, rheumatoid arthritis) 3% 42
48,49 or AIDS, where up to 300-1000 IFN U/ml have
been detected™ 20 2 37. 38 44 The enhanced IFN levels
may be due to a prolonged stimulation of the IFN-pro-
ducing cells with HIV-infected cells” ¢ or with viral
proteins such as gp120" 6. It is also possible that IFN
is accumulated as aresult of impaired binding to recep-
tors or decrease of receptor number.

The enhanced serum IFN levels (above 20 U/ml)
were observed in AIDS patients with advanced stage of
the disease (CDC class C3 or A3, with very low CD4*
lymphocyte count; Table 1). These patients were taken
into consideration when observations of the effects of
the antiretroviral therapy on IFN levels were per-
formed. Because the results of the therapy were often
not satisfactory, two groups of patients (representing
successful and unsuccessful therapy) were analyzed

apy resulted in the clinical improvement including the
increase of the CD4" lymphocyte number and the de-
crease of viremia® & %, |t was found that successful
therapy led also to a significant decrease of enhanced
IFN levels (Table 2). The effect was not observed in
the cases of unsuccessful therapy. It suggested that one
of the effects of the combined therapy was at least
a partial recession of immune dysfunction. It remains
to be evaluated whether this effect is permanent or tran-
sient.

In our previous works®” % we described two pat-
terns of interferon response in HIV-infected patients.
The ability of periphera blood leukocytes to produce
IFN-a or IFN-y after stimulation with NDV or PHA,
and IFN level in plasma were considered. Pattern
I (lack or low levels of IFN in plasma and high levels
of induced IFNs) was characteristic for HIV™ patients
in good clinical state and resembling HIV™ individuals.
Pattern Il (high levels of IFN in plasma and low levels
of induced IFNs) was connected with the progression
of infection to AIDS. It was pointed out that IFN meas-
urements were useful in monitoring progression of the
disease. The results of this study indicate that measure-
ment of the IFN level in serum may also be useful in
monitoring effects of the antiretrovira therapy. Evalu-
ation of IFN level in serum should be performed as
systematically as examination of the CD4" cell count
and viremia are done. These three parameters comple-
ment one another. The viremia value shows intensity of
HIV replication. Analysis of the CD4" lymphocyte
numbers indicates how extensive irregularities of the
immune system functioning have been developed by
the virus. The IFN abnormalities reflect current dys-
function of the cytokine network being an important
part of the immune status.

The interferon in sera of AIDS patients was identi-
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fied as IFN-a consisting of acid-labile and acid-stable
forms (Table 3). The exact nature of “acid-labile IFN-a”
have not been recognized yet®. It was shown that acid
stability of IFN-a in serum of HIV-infected patients
decreased in time and transition to acid lability was
associated with progression to AIDS°. Therefore, the
high a-IFN-a levels, persisting for months or years,
were found to be characteristic markers of the dysregu-
lation of the immune system.

In conclusion, the antiviral, bioactive al-IFN-a de-
tected in plasma and/or sera is an important surrogate
marker of the progression of HIV infection to AIDS.
Detection of al-IFN-o may be useful for monitoring the
combined antiretroviral therapy of AIDS that included
reverse transcriptase and viral protease inhibitors.
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