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ABSTRACT
Products containing human interferon human recombinant gamma interferon (IFNγ-hr) as active pharmaceutical
ingredients are promising alternatives for treating juvenile rheumatoid arthritis (as Heberon® Gamma R) or skin
cancer (e.g. HeberFERON®). Significantly, its development relies on the availability of analytical methods to evaluate
the biological activity of the formulation. Therefore, an in vitro immunomodulatory assay was established for quantifying the rhIFNγ biological activity in the referred products, so as to fulfill the European Pharmacopoeia requirements.
The average biological potency obtained for several batches using this assay was compared and against an antiviral
assay in use. The antiviral assay is based on the rhIFNγ capacity of protecting Hep-2C cells against the viral attack.
The immunomodulatory assay assesses the overexpression of Human Leukocyte Antigen-DR (HLA-DR) in COLO-205
cells when they are in contact to the IFNγ-hr. The absorbance readings were processed using a statistical parallel lines
program. The immunomodulatory assay was specific for the rhIFNγ effect, with dose-response curves in a sensibility
range 800-6.25 IU/mL, equivalent to the range 40-0.31 ng/mL. It was demonstrated that the recombinant human
alpha-2b interferon (rhIFNα2b), present in the HeberFERON® formulation, does not interfere in the quantitative determination of rhIFNγ biological activity. Even though both assays detected similar values of biological activity for the
different lots tested, the immunomodulatory assay results confirmed its advantages as compared to the antiviral assay.
Keywords: recombinant human gamma interferon, immunomodulatory assay, antiviral assay, Heberon®
Gamma R, HeberFERON®
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RESUMEN
Ventajas de un ensayo inmunomodulador para la determinación de la potencia in vitro del interferón
gamma humano. Los productos biotecnológicos que contienen el interferón gamma humano recombinante (IFNγ-hr)
como ingrediente farmacéutico activo constituyen soluciones terapéuticas prometedoras para el tratamiento de artritis
reumatoide juvenil (e.g., Heberon® Gamma R) o el cáncer de piel (HeberFERON®). Para su desarrollo es necesaria
la disponibilidad de ensayos que permitan medir la actividad biológica de las formulaciones del producto. Por tales
razones, se estableció un ensayo inmunomodulador in vitro para cuantificar la actividad biológica del IFNγ-hr en los
productos referidos; a fin de cumplir con los requerimientos de la Farmacopea Europea. Además, se compararon
los resultados de potencia biológica promedio obtenida para varios lotes usando el ensayo inmunomodulador y
el ensayo antiviral actual. El ensayo antiviral, se basa en la capacidad del IFNγ-hr de proteger las células Hep-2C,
ante el ataque viral; mientras que el ensayo inmunomodulador evalúa la sobre expresión del Antígeno Leucocitario
Humano DR (HLA-DR), en células COLO-205, cuando entran en contacto con el IFNγ-hr. Las lecturas de absorbancia
fueron procesadas en un programa estadístico de líneas paralelas. El ensayo inmunomodulador fue específico ante
la acción del IFNγ-hr, obteniéndose curvas dosis-respuestas en el rango de sensibilidad entre 800 a 6.25 UI/mL,
equivalente al rango de 40 a 0.31ng/mL. Se demostró que el interferón alfa-2b humano recombinante (IFNα2b-hr)
presente en la formulación del HeberFERON®, no interfiere en la determinación cuantitativa de la actividad biológica
del IFNγ-hr. Aunque ambos ensayos detectaron valores similares de actividad biológica, en el total de lotes analizados; los resultados del ensayo inmunomodulador confirmaron sus ventajas en comparación al ensayo antiviral.
Palabras clave: interferón gamma humano recombinante, ensayo inmunomodulador, ensayo antiviral,
Heberon® Gamma R, HeberFERON®.
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Introduction
Third generation recombinant products containing recombinant human gamma interferon (rhIFNγ) as active
pharmaceutical ingredients are promising alternatives
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para el autor
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for treating juvenile rheumatoid arthritis (as Heberon®
Gamma R)[1] or skin cancer (e.g. HeberFERON®)[2],
chemo-resistant pulmonary tuberculosis, idiopathic
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pulmonary fibrosis and baso-cellular skin carcinoma,
among others [3, 4]. Significantly, to enhance the current biotechnology industry by reaching more competitive standards, the assays must comply with the
demands of the regulatory authorities. Determination
assays for biological activity of biopharmaceutical
products is mandatory, since it directly demonstrates
the usefulness of the drug throughout the development
and production of the product, as well as in the stability studies [5].
The biological activity of pharmaceutical products
is measured by many methods based on Biological
Assays or Bio-assays, defined as the analysis of a
product for the quantification of biological activity
of one or more of its components; it determines its
capacity to produce the expected biological potency
on living cells (in vitro), expressed in units in relation
to the Reference Material (RM) [6].
Two of the most common in vitro biological assays
used to determine the biological activity of rhIFNγ
are: the antiviral assay (AV) and the immunomodulatory assay. Both assays involve the pre-incubation of
cells that are susceptible to cytokines that can induce
a specific cellular function [7]. For this antiviral assay,
also known as the assay for the inhibition of the cytopathic effect, a cytokine-sensitive cell line is needed;
after getting into contact with the sample, a virus is
added, which produces a cytopathic effect. The ability
of interferon to protect cells from the viral attack is
expressed as an increase of the surviving cells as the
Interferon dosage increases [8].
There are different combinations of systems (virus
-cells) [8] that are available for antiviral assays, although those most appropriate ones should demonstrate the sensitivity of the assay. At the end of the
assay, the number of surviving cells is determined
with a conventional developing method and the calculation of biological activity through a parallel lines
(PL) statistical program. The assay is currently applied at the Biological Assays II Laboratory for Quality Control at the CIGB, using the Hep-2C cell line
and the viral species of encephalomycarditis virus.
The immunomodulatory assay measures the ability of rhIFNγ to increase the expression of the Human-Leukocyte-Antigen-DR (HLA-DR), in cell line
COLO-205. The quantification of this expression is
performed with the use of an ELISA on cells. This
immuno-enzymatic assay requires two antigens: one
is the primary (monoclonal) antigen that detects the
antigens at the cell surface, and the other (polyclonal)
antigen, conjugated with the peroxidase enzyme, can
detect the primary antigen and transform a specific
indicator substrate of the antigenic over-expression.
Data processing is made through the parallel lines
method. This is a mandatory assay as ruled by the European Pharmacopoeia for Gamma-1b Interferon [9].
Hence, the Cuban biotechnological industry requires the continuous implementation of quality control techniques for measuring the biological activity
of products. Such techniques have to be time feasible
and comply with current regulatory requirements.
This is very relevant to cope with growing production
needs for new pharmaceuticals and to compete with
similar products in the world market. Therefore, in
this work, an in vitro immunomodulatory assay was

established, to determine the biological activity of
rhIFNγ in the formulations of Heberon® Gamma R[1]
and HeberFERON®.
Establishing and comparing the new immunomodulatory assay (recommended by the European
Pharmacopoeia) to the one currently in use, in order
to quantify the biological potency of the rhIFNγ, will
grant our products a higher quality standard for an efficient response to commercial actions and its domestic and international registration. At the same time,
the assay will be of a high methodological, economic
and social importance because of its participation in
the successful outcomes of this industry.

Materials and methods
Cell lines
Immunomodulatory assay
The COLO-205 line of the European Collection of
Authentic Cell Cultures (human colon adenocarcinoma, ECACC 87061208) was selected as a model
for the determination of the biological activity of the
rhIFNγ, through an immunomodulatory assay (ELISA on cells), based on its ability to express the DR
antigen of the MHC class II [10].
Cells were maintained at a range of 3-9 × 105 cells/
mL, in the RPMI 1640 (Gibco) medium containing
10 % Bovine Fetal Serum (BFSI) (Capricorn, Australia), 2 mM glutamine and 50 µg/mL gentamicin (Biologicals Industries), incubated for 72 h under culture
conditions (37 ºC; 5 % CO2 and 95 % relative humidity). For the assay we used cell growth, both in suspension and anchoring; the passes were made according to the instructions described in the manufacturer’s
manual. The assays were carried out between passes
13 and 29 (including the P+5 of the company).
Antiviral assay
Cell line Hep-2C of the European Collection of Authentic Cell Cultures (derived from HeLa, cervix carcinoma, ECACC 85020207) was adapted and maintained at between 1-3 × 104 cells/cm2 in the culture
medium MEM CANE (Gibco), containing 10 % BFSI,
2.2 g/L NaHCO3 and 50 µg/mL gentamicin (Biologicals Industries) and incubated for 72 h under the culture conditions mentioned above. The assays were carried out between passes 12 and 23 (including the P+4
of the company).
Virus
Mengovirus (Order Picornavirus; Family Picornaviridae; genus Cardiovirus; Species: Encephalomyocarditis virus (murine virus); Serotype: Mengo virus (EMCV
strain) [11]), was obtained from the American Type
Culture Collection (ATCCTM VR-1598). This viral family covers non-enveloped small viral particles, with an
icosahedron capsid of 27 to 30 nm in diameter and a
single chain RNA genome, with a positive polarity of
approximately 7.8 kb, enabling direct translation (functionally equivalent to a messenger RNA), and coding
for a simple and single poly-protein of approximately
220 kDa [12]. Master Cell Banks (MCB) and Working
Cell Banks (WCB) were made and the infective titer
was determined, as well as the multiplicity of infection,
for the line of work according to Ramakrishnan [13].
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Interferons
The rhIFNγ working reference material (WRM) with
code IFNgT-04-0511 (156 000 IU/mL), was prepared
in the Stability and Reference Material Laboratory
of the Quality Control Division, and further calibrated against the International Reference Material
Gxg01-902-535 of NIH. The batches assessed were:
05IFAG703 (the Active Pharmaceutical Ingredient of
rhIFNγ with 1.27 mg/mL) and 7001G1 (Heberon®
Finished Product Gamma R of 0.5 × 106 IU/mL de
rhIFNγ), both produced in 2017, at CIGB. The batches of the stability study also tested were: 05IFAG7043mY (the Active Pharmaceutical Ingredient of rhIFNγ
with 1.25 mg/mL stored for 3 months at –70 °C); batch
4001G1-36mA (Heberon® Finished Product, Gamma
R with 0.5 × 106 IU/mL of rhIFNγ) under shelf-life
conditions: 5 ± 3 °C for 3 years, and batch 506LL01/224mA (Finished Product of HeberFERON®: containing 3.0 × 106 IU/mL of rhIFNα2b + 0.5 × 106 IU/mL
of rhIFNγ, under shelf-life conditions: 5 ± 3 °C for 2
years. Batch 4302R1/0 of Heberon® Alfa R was used
as the negative control of the specificity assays. The
values of biological activity in International Units per
milliliter (IU/mL) were expressed in reference to the
internal reference material (IRM).

ing conditions they were diluted to ensure an initial
concentration of 78 to 80 IU/mL or 10 ng, for a final
volume of 100 µL (serial dilutions of 1:2 in the MEM
CANE 1× medium supplemented with 2 % BFSI and
50 µg/mL gentamicin: AV titration medium), at 37 ±
2 ºC, for 24 hours. The virus with an infective dose
in tissue culture at 50 % (TCID50 of 108.4/mL), was
added at a rate of 3 viral particles per cell present in
the well (Multiplicity of infection (MOI): 3), and it
was incubated under the same conditions until the
cytopathic effect was observed (90 % cell lysis after
18 to 20 h). Finally, it was developed and the cells
were fixed using the colorimetric death exclusion
method: violet crystal, which only stains the surviving cells when there is a viral attack. The staining
agent was homogenized with 50 µL/well of the 10 %
acetic acid and the optic density readings of the plate
at 578 nm, were processed by a parallel lines program recommended for the calculation of biological
potencies [15].
Controls were established for the assay, i.e. virus
control: the minimum values of absorbance (cells
incubated with the virus), and the cell control: the
maximum absorbance value (cells incubated with the
titration medium).
To quantify the rhIFNγ in the HeberFERON®
batch, it was diluted at 1/640 in the titration medium
and neutralized in the final dilution with 1/50 of the
human polyclonal antibody anti-rhIFNα2b (batch
from Sancti Spíritus, Cuba n.161 initially titrated) and
incubated for 1 h at 37 ºC. To have the dose-response
curve of the sample start under the same conditions of
the WRM, an additional dilution of 1/10 was carried
out, which had all curves start at the range of 78 to
80 IU/mL.

Immunomodulatory assay
The assay was carried out in 96-well microplates according to the protocol described [14] with certain
modifications. In this assay, the dose-response curves
started at 800 IU/mL or 40 ng/mL of protein. A (primary) monoclonal antibody with a dilution of 1/50
was used, this was the anti-HLA-DR (no.M0746;
DAKO, USA) that detected the antigens present on
the cell surface. Also a (secondary) polyclonal antibody with a dilution of 1/1500 was employed, which
was that of mouse anti-IgG obtained at the Immunoassay Center through the immunization schedule in
sheep and conjugated with peroxidase at the CIGB of
Sancti Spíritus, Cuba (CF0351503); this could detect
the primary antibody and transform a specific substrate, indicating an antigenic over-expression. The
antibodies were first titrated.
The increase in the expression of these antigens
was produced separately with two preparations of
rhIFNγ: one having a known potency (Reference
Material) and another with an unknown potency
(the samples). The readings of optic density of the
plates at 492 nm were processed by a parallel lines
program recommended for the calculation of biological potencies [15]. Assay controls were established,
which were: minimum expression control: minimum
value of absorbance (cells incubated with the titration
medium) and the maximum expression control: the
maximum value of absorbance (cells incubated with
1600 IU/mL of the WRM).
Antiviral assay
This assay is based on the ability of Interferons to
prevent infection and destruction of Hep-2C cells infected with the Mengo virus through the inhibition of
the cytopathic effect.
The assay started after growing the Hep-2C cells
with 100 µL per well at a concentration of 1.5 × 105
cells/mL in 96-well plates. After 24 h under grow-

Number of assays and validity criteria for the
immunomodulatory and antiviral assays
Biological activity for each one of the samples was
measured by two analysts through 4 to 6 assays. At
least one plate was used each day per analyst, where
the sample was analyzed with two replicates. We
therefore obtained 4 to 6 potency values, with which
we calculated the geometric mean that corresponded
to the final potency value in IU/mL. Each plate used
different aliquots/vials of the batch.
The average of the Geometric Variation Coefficient
(GVC) was calculated using all the assays of each
batch performed by the two analysts, and each one of
the validity criteria was analyzed for each assay.
Criteria used to assess the validity of the assays
were:
1. Compliance of the parallelism between the doseresponse curve of the sample and the reference material, which should be greater than 0.05.
2. Compliance of the linearity of each dose-response curve of the samples and the reference material, which should be greater than 0.05.
3. Compliance of the regression of the slopes of
the two curves and the correlation between the doses
used for the sample and the reference material, which
should equal 0.01.
4. The GVC for the immunomodulatory assay
should be equal or less than 20 % [9], while for the
AV assay it should be equal or less than 25 %.
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5. Compliance with the confidence limits established for each assay, for a probability of 95 %, between 70 and 140 %, for the immunomodulatory assay [9], while for the AV assay it ranges from 64 to
156 %.
The assays that did not comply with any one of
these criteria were discarded and they were not included in the final value reported.

ΔP =

Average potency

antiviral assay

Average potency

immunomodulatory assay

- Differences in the extent of the confidence interval of the average potencies (ΔCI):
Upper limit
ΔCI =

Lower limit

antiviral assay

Upper limit
Lower limit

immunomodulatory assay

The acceptance criteria took into account that:
- The difference between the average potencies
should be at the range of: 0.90 ≤ ΔP ≤ 1.11, for 10 %.
- The difference in the extent of the confidence interval of the average potencies should be of: ΔCI ≥ 0.85.
To demonstrate the similarity of the biological potencies obtained by both biological methods, we considered that the above criteria must be fulfilled in 100 %
of the cases.

Results
Specificity of the immunomodulatory assay
produced by the rhIFNγ
As shown in figure 1, the behavior of response curves
to the expression of the HLA-DR antigen by COLO205 cells incubated for 48 h in the presence of different doses of rhIFNγ (immunomodulatory assay)
indicated a very similar behavior between the batches:
Heberon® Gamma R (4001G1-36mA), HeberFERON® (506LL01/2-24mA), API (05IFAG703) and
WRM (IFNgT-04-0511), which contain rhIFNγ as active principle. These dose-response curves confirm the
direct dependence on the over-expression of the HLADR antigen as a function of the dose of rhIFNγ administered to cells. It is observed that OD value decreased
on diluting the concentration of rhIFNγ, such decrease
being directly proportional to the number of antigens
expressed, thus confirming the results obtained by
Gibson and Kramer [14]. Batches 05IFAG704-3mY

Maximum
Minimum
Heberon® Gamma R
(batch 4001G1-36mA)
HeberFERON®
batch 506LL01/2-24mA
API rhIFNγ
batch 051FAG703
WRM rhIFNγ
batch IFNgT-04-0511
Heberon® Alfa R
(batch 4302R1/0

1.4

492 nm

1.2

OD

Comparison of the biological potencies
(average) obtained by both methods
Once the 5 batches (two APIs and three final product
batches) were evaluated, using both bioassays in vitro, the average potencies were compared in order to
demonstrate the similarity of the biological potencies
obtained by both biological methods.
After obtaining the potencies from the individual
assays, these were averaged for each batch in the analysis. The following quotients were calculated:
- Average potency differences (ΔP):

1.6

1.0
0.8
0.6
0.4
0.2
0

800

400 200 100

50

25 12.5 6.25

Dosage of interferon (IU/mL)
Figure 1. Behavior of the antigenic expression (HLA-DR) of the COLO-205 cells with recombinant human gamma interferon (rhIFNγ). Evaluated rhIFNγ materials included batches
4001G1-36mA (Heberon® Gamma R), 506LL01/2-24mA (HeberFERON®), active pharmaceutical ingredient rhIFNγ batch 05IFAG703, the rhIFNγ working reference material
IFNgT-04-0511, and the controls of the assay. There were also included the minimum and
maximum antigenic expression and a negative control. OD492 nm: optical density values at
492 nm. The assay conditions were confirmed as valid, showing a direct relationship of
the expression of HLA-DR, with increasing dosages of rhIFNγ. rhIFNα2b did not induce any
antigenic expression of the HLA-DR in COLO-205 cells.

and 7001G1, showed similar dose-response curves
(data not shown).
The maximum and minimum expression values of
these antigens confirm that the procedure for our assay conditions were correct, and that the behavior of
the OD values observed in all wells where the dilutions of rhIFNα2b (4302R1/0 of Heberon® Alfa R)
were found, were in agreement with the minimum
expression of the assay (the dose-response curve was
not obtained). This demonstrates that the rhIFNα2b,
in the formulation does not interfere in the biological
assessment of the rhIFNγ activity.
Validation and precision criteria of the
immunomodulatory and antiviral assays
Each one of the validity criteria established for the assays were analyzed. The GVC within assay (between
replicates of the same sample) and the average GVC
(between assays) of all assays for each batch, carried
out by two analysts, were calculated as precision parameters.
Batches 05IFAG703 and 7001G1 were evaluated
in a parallel by the immunomodulatory and antiviral
methods. The results for batch (7001G1) of biological
activity of independent assays, the average potency,
validity criteria and GVC for the analysis of the precision of both methods, are summarized in Tables 1 to
4, respectively.
For each independent assay made between analysts
to batches 05IFAG703 and 7001G1, by the immunomodulatory and antiviral methods, the validity criteria
were fulfilled. The parameters for parallelism and linearity of the dose-response curves of the sample and
the WRM were larger than 0.05 in all assays, while
the regression of the slopes and correlation between
dosages used in the sample and the WRM, were in all
cases less than 0.01.
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Table 1. Biological activity of the active pharmaceutical ingredient of recombinant human interferon gamma,
batch 05IFAG703, by the immunomodulatory method
Assay

Analyst

1
2
1
2
2
1
3
2
Average potency
between assays
1

Biological
activity
(IU/mL)

Lower
limit
(IU/mL)

Upper
limit
(IU/mL)

22 095 587
24 067 253
36 331 076
28 677 724
24 971 803
22 523 603
25 927 966

20 277 062
22 411 995
31 178 195
25 974 617
23 163 848
19 691 293
22 277 995

24 074 286
25 846 023
42 340 828
31 685 146
26 928 466
25 709 412
30 175 939

CI (%)

DF

92-109 10
93-115 19
86-117 25
91-110 13
93-108 25
87-114 28
NA
111

GCV
(%) Regression Parallelism Linearity
3.93
3.46
3.72
6.73
7.49
4.71
7.96

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
NA

0.050
0.331
0.816
0.105
0.107
0.954
NA

0.662
0.667
0.999
0.904
0.166
1.000
NA

CI: Confidence intervals, calculated as the rest of ratios of upper and lower limits over the biological activity, respectively,
expressed in percent. DF: degrees of freedom. GCV: geometric coefficient of variation. NA: Not applicable.

Table 2. Biological activity of the active pharmaceutical ingredient of recombinant human interferon gamma,
batch 05IFAG703, by the antiviral method
Assay
1

Analyst
1

2
1
2
2
3
2
Average potency
between assays

Biological
activity
(IU/mL)

Lower
limit
(IU/mL)

Upper
limit
(IU/mL)

DF

GCV
(%)

31

9.86

0.0000

0.200

0.716

85-118 31
8.33
72-136 26 16.76
65-153 28 23.10
78-124 23 12.05
NA
110
5.35

0.0000
0.0000
0.0000
0.0000
NA

0.141
0.878
0.638
0.611
NA

0.396
0.999
0.971
0.535
NA

CI (%)

26 680 211 22 050 090 32 352 914 83-121
28 842 760
20 829 402
24 418 537
33 484 898
27 830 034

24 497 042
14 996 525
15 914 613
26 055 516
25 099 971

33 948 716
28 352 570
37 290 288
41 718 679
30 857 040

Regression Parallelism Linearity

CI: Confidence intervals, calculated as the rest of ratios of upper and lower limits over the biological activity, respectively,
expressed in percent. DF: degrees of freedom. GCV: geometric coefficient of variation. NA: Not applicable.

Table 3. Interferon biological activity of Heberon® Gamma R, batch 7001G1, by the immunomodulatory method
Assay
1

Analyst

Biological
activity
(IU/mL)

Lower
limit
(IU/mL)

Upper
limit
(IU/mL)

CI (%)

DF

GCV
(%)

1

407 097

314 129

526 177

77-129

21

13.20

0.0000

0.111

0.627

399 745
371 247
411 388
206 604
234 180
323 968

323 959
298 500
341 838
168 581
212 257
252 116

487 324
452 539
492 652
248 630
257 968
416 296

81-122
80-122
83-120
82-120
91-110
NA

17
8
23
16
10
95

10.16
9.44
9.24
9.60
4.47
13.46

0.0000
0.0000
0.0000
0.0000
0.0000
NA

0.073
0.114
0.481
0.642
0.918
NA

0.839
0.923
0.068
0.867
0.433
NA

2
1
2
2
1
3
2
Average potency
between assays

Regression Parallelism Linearity

CI: Confidence intervals, calculated as the rest of ratios of upper and lower limits over the biological activity, respectively,
expressed in percent. DF: degrees of freedom. GCV: geometric coefficient of variation. NA: Not applicable.

Table 4. Interferon biological activity of Heberon® Gamma R, batch 7001G1, by the immunomodulatory method
Assay
1

Analyst

Biological
activity
(IU/mL)

Lower
limit
(IU/mL)

Upper
limit
(IU/mL)

CI (%)

DF

GCV
(%)

1

245 796

169 163

351 236

69-143

14

18.57

0.0000

0.200

0.716

256 329
248 836
308 388
483 752
304 906

195 263
174 025
200 138
411 060
237 029

333 827
349 207
474 193
571 083
392 222

76-130
70-140
65-154
85-118
NA

23
9
19
22
110

13.84
16.64
22.88
8.25
13.51

0.0000
0.0000
0.0000
0.0000
NA

0.141
0.878
0.638
0.611
NA

0.396
0.999
0.971
0.535
NA

2
1
2
2
3
1
Average potency
between assays

Regression Parallelism Linearity

CI: Confidence intervals, calculated as the rest of ratios of upper and lower limits over the biological activity, respectively,
expressed in percent. DF: degrees of freedom. GCV: geometric coefficient of variation. NA: Not applicable.

According to the limits of the confidence interval
established for the immunomodulatory method, it was
demonstrated that the 6 independent assays made with
batches 05IFAG703 and 7001G1, had confidence intervals that complied with the established criteria (70
and 140 %, respectively).

The precision values expressed in terms of GVC,
according to the specification and variability of the
method between replicates in the same plate, showed
that the average variabilities of all assays made by
both analysts in different days, were less than 20 %
(Table 1 and Table 3).
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For a total of 5 independent assays performed by the
antiviral method to batches 05IFAG703 and 7001G1,
the confidence limits for a probability of 95 % are
located in the range 64-156 %. The GVC within and
between trials for both batches were less than 25 %
(Tables 2 and 4).
Although in all independent assays the confidence intervals and the GVC complied with the
criteria established according to the variability of
each method (for a probability of 95 %), the widest
confidence limits were obtained and a greater variability of the GVC is achieved (values above 10 %)
for the AV method for both batches (7001G1; API
05IFAG703), confirming what was expressed in the
monograph [9].

cumbersome, it requires long culture periods in a sterile environment, and the need to ensure the conditions
and facilities for the management and production of
active virus cultures [19].
The inherent variability in infections and viral replication, lead to the decrease of the reproducibility
of the antiviral assay [19]; expressed as larger confidence intervals for the antiviral method than for the
immunomodulatory method. In view of the need to
improve factors such as sensitivity, reliability and the
speed of the assay, the immunomodulatory method is
recommended for the determination of biological potency, within the rhIFNγ documentation [9].
The immunomodulatory assay makes it possible to
determine the biological potency of human recombinant gamma interferon found in different preparations
and productive batches produced at CIGB. This assay
detects the over-expression of the HLA-DR antigen
in COLO-205 cells, which do not structurally express
this antigen [16]. Meager, 2002 [14], reports that both
type I (rhIFNα2b) and II (rhIFNγ) IFNs, stimulate the
MHC class I antigen expression, although only type II
IFN can particularly stimulate the de novo synthesis
of the MHC class II antigen (HLA-DR).
This aspect gives the trial a high specificity, ensuring
that the measured signal only corresponds to rhIFNγ.
The assay quantifies the influence of the rhIFNγ in a
direct manner on the expression of the HLA-DR and
is able to discriminate components such as rhIFNα2b,
which is present as part of the HeberFERON® formulation. The behavior of the dose-response curves (Figure 1), confirms these results [14, 18].
Parallelism is a basic requirement [20] to validate
the results of the biological activity obtained in the
relative potency assays, which can be reported. This
parameter is reached in each independent assay for
the immunomodulatory and antiviral methods, where
in all cases it is larger or equal to 0.05 (Tables 1-4).
The fact that this parameter is reached, demonstrates
that both the sample and the standard have the same
analyte, and that the WRM and the sample are structurally similar [21]. Therefore, the dose-response
curves share the common parameter and are only different in the horizontal displacement [22].
The horizontal displacement between dose-response curves (parallel) of the sample in relation to

Comparison of biological potencies (average)
obtained by both methods using newly
produced samples of rhIFNγ, and in
stability studies
The differences between the average potencies for
both methods for the five batches under study are
found to be within the appropriate limits for 100 %
of the batches analyzed: 0.90 ≤ ΔP ≤ 1.11 (Table 5).
The differences in the extent of the confidence interval of the average potencies between both methods
(ΔIC ≥ 0.85), were appropriate in 100 % of the batches in the study (Table 5).
The criteria established for the comparison are fulfilled, showing that both methods detect similar level
of biological activity in all batches analyzed.

Discussion
The biological activity of the rhIFNγ can be quantified using a variety of in vitro biological assays, or
those based on cells that measure responses, such
as antiviral activity [16], anti-proliferative activity
[17], or immunomodulating activity [14]. The latter
is known as the most potent biological activity, which
is found in this cytokine [16].
Although there is a wide variety of cell-virus combinations to evaluate antiviral activity [8, 18], the inhibition of the viral replication of EMCV in cell line
Hep-2C is the current method used to determine biological potency and the release of the interferons by
the Quality Control Division at CIGB. This assay is

Table 5. Comparison of average biological potency values of rhIFNγ batches determined by either antiviral or
immunomodulatory assays, according to established criteria
Material

Assay

No.

Potency

Lower limit
(IU/mL)

Upper limit
(IU/mL)

ΔP
(0.90-1.11)

UL/LL
(≤2)

ΔIC
(≥ 0.85)

Heberon® Gamma R
7001G1

AV
IM
AV
IM
AV
IM
AV
IM
AV
IM

5
6
5
6
5
5
5
5
6
6

304 906
323 968
27 830 034
25 927 966
17 620 643
19 144 733
278 441
286 071
458 067
476 277

237 029
252 116
25 099 971
22 277 995
15 466 025
16 800 726
240 629
234 043
398 770
406 522

392 222
416 296
30 857 040
30 175 939
20 075 427
21 815 772
322 194
349 666
526 183
558 002

392 222
416 296
30 857 040
30 175 939
20 075 427
21 815 772
322 194
349 666
526 183
558 002

1.65
1.65
1.23
1.35
1.30
1.30
1.34
1.49
1.32
1.37

1.00

API 05IFAG703
API 05IFAG704-3mY
HeberFERON®
batch 506LL01/2-24mA
Heberon® Gamma R
batch 4001G1-36mA

0.91
1.00
0.90
0.96

AV: antiviral assay. IM: immunomodulatory assay. UL: upper limit. LL: lower limit. API: active pharmaceutical ingredient. ΔP:
differences between average potencies by both methods. ΔIC: differences in the extent of the confidence interval. Batch codes:
3mY, 3 months at –70 °C; 24mA, 24 months at 5 ± 3 °C; 36mA, 36 months at 5 ± 3 °C.
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the standard, implies that the relationship for each
dose is constant between curves, which assumes the
existence of linearity [5]. This parameter is another
one of the validity premises of the statistical calculation of biological potencies. For each independent
trial calculated by the immunomodulatory and antiviral methods, the linearity parameter was equal to, or
higher than 0.05 (Tables 1-4).
In both methods, the behavior of the cell response
as a function of the concentration is not a straight line,
and the data obtained are adjusted using linear regression or the transformation of values [23]. The regression of the slopes of the sample, and the WRM and the
correlation between the doses used for the sample and
the RM, as a criterion of high significance, was less
than 0.01 in all cases, thus confirming the dependence
of the cell responses in relation to the concentration of
rhIFNγ that is added [22].
The precision is related to the position of the measurements around a mean or central value and it corresponds to the degree of agreement between individual
assays when the method is applied repeatedly to multiple aliquots of a homogeneous sample [23, 24]. The
within assay precision (between replicates of each
dilution of the sample used by the same analyst and
on the same day), and the precision between assays
(between values of biological activity of each batch
calculated by different analysts), expressed in terms of
GVC, complied in all cases with the limits established
according to the method used [9] (Tables 1-4).
Any estimation of potency obtained from a biological assay is submitted to a random error because of
the intrinsic variability of the biological response. The
confidence interval for the potencies is an indication
of the precision with which the potency has been estimated in the assay. In other words, it defines the probability range that it contains the true value of the parameter. Generally, in biological assays the calculated
confidence limits are of 95 %, so that the expectation
is justified that there is a probability (confidence) of
95 % that these limits would include the true potency
[23]. The acceptability of this precision depends on
the requirements established in the monograph of the
preparation under evaluation [25]. For both assays,
the intervals calculated complied, in all cases, with
the limits established according to the method used
(Tables 1-4).
In the biological activity assays, the potency values
calculated for the homogeneous samples of the same
product may be variable. For this reason a range is established, within which these values should be found
[26]. Studies made by Estévez Carrizo [27], report that
for a large variety of drugs, the probability of the error of the method that determines the bioequivalence
in relation to a reference, must be controlled. Considering that this risk cannot surpass 5 %, these studies
express that, in order to evaluate the bioequivalence of
two products, the interval analyzed must be of 80 to
125 %, for the quotient of the average of the products,
as the standard criterion (since there is a logarithmic
transformation of the data). This corresponds to a
range of 20 % for the relative difference between the
averages of the products. We established as our comparison criterion a range of relative difference of 10 %:
0.90 ≤ ΔP ≤ 1.11. Within the calculated parameters

for the bioequivalence analysis between average
potency values, calculated by both methods (immunomodulatory and antiviral), we determined that for
both hypotheses the criteria for the batches analyzed
were met (Table 5).
The potency of a biotherapeutic product, as a measure of its relative activity with a standard, is a regulatory requirement that enables the confirmation of the
correct clinical dose, while it assesses stability, productive consistency or/and detects changes during the
manufacturing process [19]. In this study, the biological potency determined by the immunomodulatory
and antiviral methods for each batch was similar. It
was demonstrated that the immunomodulatory trial
is applicable to evaluate biological potency in fresh
samples and under shelf-life conditions: 5 ± 3 °C, thus
ensuring its clinical use during this period. Gibson
and Kramer [14] also demonstrated that this approach
could contribute to quality control. As a study case
they evaluated the bioactivity of both rhIFNγ preparations stored for two years at 25 and 45 °C, they
quantified antiviral activity by the inhibition of the
cytopathic effect provoked by the EMCV method in
cell line A549 (human lung carcinoma) and the immunomodulatory activity, quantifying the expression
of the HLA-DR in the COLO-205 line. Both methods
demonstrated the loss of activity in the preparations
in relation to the control stored at -70 °C, detecting
similar biological potencies for each preparation using the antiviral and immunomodulatory methods,
which confirm our results.
It is, however, necessary to include batches under
accelerated conditions in future studies, thereby ensuring the use of the drug when there are unexpected
failures in the cold chain, and always considering that
the method must be able to detect abnormal potencies
due to changes in the molecule.
This immunomodulatory method is less variable,
and more precise and specific for rhIFNγ, thereby
confirming the results obtained. Furthermore, to carry
out the trial it requires a smaller number of biological
agents (it does not include the risk of handling a viral
agent), and less time is taken for the assay compared
to the AV method.
Both assays require the use of basic or routine laboratory equipment. As modifications of the original
method [14], the immunomodulatory assay does not
include automatic plate washers, this is done manually, and primary and secondary antibodies were modified, but good results were attained.
In short, this paper confirms the advantages of the
immunomodulatory assay compared to the AV assay. It was shown to be applicable in the quantification of the biological potency of the Cuban gamma
interferon, obtaining values that are very similar to
the antiviral method now in use for the release, by
the Quality Control Division, of products such as
Heberon® Gamma R and HeberFERON®. Its use
is recommended as a routine assay after concluding
the validation, according to national and international
regulations, with the aim of ensuring reproducible and
reliable results, according to its purpose.
Methodologically, the achievement of our goals is
relevant for other laboratories and institutions that can
apply the method, thereby enriching the professional
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experience of analysts when facing the challenges of
new technologies within Cuban biotechnology. This
analytical technique can form part of technology
transfer packages, granting them notable economic
importance. It should be pointed out that any contribution enabling the availability of novel drugs, with
proven quality and safety, will have a positive impact

on the health of the population and will therefore be
of considerable social importance.
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