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Introduction

Rituximab was the first mAb approved by United States Food 
and Drug Administration (US FDA) for malignant disease in 
1997. This antibody recognizes human CD20, which is mainly 
expressed in B lymphocytes.1 It was first approved for non-Hodg-
kin lymphoma and more recently was approved in the US for 
rheumatoid arthritis,2 chronic lymphocytic leukemia, Wegener 
granulomatosis (WG) and microscopic polyangitis. Rituximab 
has also been studied as a treatment for systemic lupus erythema-
tosus3 with preliminary good results.

Studies in vitro have shown that rituximab is very effective in 
inducing complement-dependent cytotoxicity (CDC) and antibody-
dependent cell-mediated cytotoxicity (ADCC).4,5 The importance 
of CDC in vivo was demonstrated by Di Gaetano and colleagues 
by using mice deficient for complement component C1q.6 It has 
also shown that rituximab-induced complement lysis can be dif-
ferent for diverse lymphoma subtypes.7,8 On the other hand, some 
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authors have demonstrated the complete loss of rituximab activity 
in the absence of the γ chain of Fc receptors for IgG (FcγRs), which 
indicates the relevance of ADCC in the clinical outcome.9

Apoptosis has been proposed as another mechanism for the 
antitumor activity of rituximab. Byrd et al. found that a group of 
B cell chronic lymphocytic leukemia patients treated with ritux-
imab showed activation of caspase 9 and 3, which was associated 
with the elimination of malignant B lymphocytes. Moreover, 
rituximab caused a marked B-cell depletion in peripheral blood, 
bone marrow and lymphatic tissue when administered to Macaca 
fascicularis monkeys,4 although Vugmeyster et al. demonstrated 
that susceptibilily to rituximab can differ on different B cells sub-
sets in these monkeys.

Due to the positive results obtained with therapies using ritux-
imab, a number of companies have considered commercialization 
of biosimilar versions of this antibody. For example, Dr. Reddy’s 
Laboratories produced a biosimilar variant of rituximab (trade 
name Reditux) even before the patent expiration date.
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a productivity of 20 μg/mL in batch culture. These cells showed 
a low level profile of intracellular IgG as analyzed by flow cytom-
etry (Fig. 1A). To develop an industrial-grade cell line, adap-
tation to serum-free medium was performed. After cloning by 
limiting dilution, clone 1B8 was selected for its homogenous and 
high level expression of intracellular IgG (Fig. 1A). Then, 1B8 
cells were inoculated into a bioreactor and the fermentation pro-
cess followed for two months, with daily monitoring of growth, 
viability and chimeric antibody concentration in the supernatant. 
As shown in Figure 1B, viability remained invariable and close to 
75%, while viable cell numbers (Xv) and IgG secretion increased 
in time.

Binding of biosimilar 1B8 mAb to CD20 molecule. The rec-
ognition of human CD20 molecule by biosimilar 1B8 mAb was 
evaluated by flow cytometry. Ramos, Daudi and Raji Burkitt’s 
lymphoma cell lines were used. As shown in Figure 2A, the 
biosimilar 1B8 mAb and rituximab share the recognition pro-
file of CD20-positives cells. Raji cells showed the lowest MFI, 
while Daudi and Ramos cell displayed medium and high CD20 
expression, respectively. Chronic myelogenous leukemia K-562 
cells were used as negative control of CD20 expression, and chC5 
mAb as isotype-matched control.

To determine the relative affinity of biosimilar 1B8 mAb with 
respect to rituximab, a competition assay was performed. Figure 
2B shows that either unlabeled biosimilar 1B8 mAb or rituximab 
inhibited binding of biotinylated-rituximab to Ramos cells. The 
inhibition was dose-dependent and both antibodies reached more 
than 50% inhibition at the same concentration. ChC5 mAb was 
used as negative control.

Next, we evaluated binding of biosimilar 1B8 mAb to B lym-
phocytes from a healthy human donor and a Macaca fascicularis 
monkey. As shown in Figure 2C, there were no differences in the 
percentages of CD20-positive B cells recognized by biosimilar 
1B8 mAb and rituximab in both species. Moreover, a non-B cell 
population was detected with low level of CD20. Ch1E10 mAb 
was used as negative control.

Biosimilar antibodies must have the same amino acid sequence 
as the reference marketed product. However, because mAbs are 
large molecules with highly complex structures, the products are 
quite sensitive to a few changes in host cells, media and manufac-
turing process, which can influence on the biological activity.12,13

In this report, we describe the generation of biosimilar anti-
CD20 rituximab by cloning of the genes encoding the variable 
regions of this antibody into expression vectors carrying con-
stant region of IgG1 immunoglobulins.14 While rituximab is 
produced in fed-batch culture of recombinant Chinese hamster 
ovary (CHO) cells, our biosimilar antibody, 1B8, is expressed in 
continuous culture of murine NS0 myeloma cells. Because even 
minor structural changes, including the glycosylation pattern, 
can affect the safety, purity or potency of the recombinant pro-
tein, it is important to evaluate these differences. This antibody 
has been extensively studied using several analytical techniques 
(Romero et al. unpublished data) to identify potential changes 
in its structure with respect to the marketed rituximab product.

FDA and other regulatory agencies recommend using a step-
wise approach to collecting the data and information needed to 
support a demonstration of biosimilarity. They suggest structural 
analysis, functional assays, determination of the mechanism of 
action, animal data and clinical studies. In this work, we focused 
on the expression and the functional characterization of the bio-
similar anti-CD20 antibody. We demonstrated that biosimilar 
1B8 mAb triggers similar CDC, ADCC and apoptosis mecha-
nisms as commercial rituximab. Moreover, it depletes CD20-
positive B lymphocytes from the peripheral blood of monkeys. 
Our results confirm that biosimilar mAbs with biological proper-
ties comparable to those of the reference marketed product can be 
successfully generated.

Results

Generation of anti-CD20 biosimilar mAb. A stable NS0 trans-
fectoma expressing the anti-CD20 biosimilar was obtained, with 

Figure 1. Intracellular IgG determination and fermentation kinetics of anti-CD20 biosimilar 1B8 mAb-producing clone. (A) Intracellular IgG in permea-
bilized cells was determined with a FITC-conjugated goat anti-human polyvalent immunoglobulin antibody. Dotted line: original transfectoma; black 
line: 1B8 clone; filled curve: host NS0 cells. (B) The selected 1B8 clone was cultured in a 15 L bioreactor. Cell growth (Xv) and viability were determined 
by the trypan blue-exclusion assay and secreted antibody by ELISA, using an alkaline phosphatase-conjugated goat anti-human IgG (γ-chain specific) 
antibody.
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mL, the lysis was about 20%, while it increased up to 80% when 
antibody concentrations of 40 ng/mL or higher were used. Both 
anti-CD20 mAbs exhibited the same effect in all conditions.

Apoptosis induction by biosimilar 1B8 mAb. 
Phosphatidylserine exposure is an event that characterizes the 
early stages of apoptosis.15 Ramos cells were treated for 24 or 48 
h with anti-CD20 mAbs, stained with Annexin V-FITC and PI 
and analyzed by flow cytometry. Positive staining with FITC-
labeled Annexin-V reflects a shift of phosphatidylserine from the 
inner to the outer layer of the cytoplasmic membrane. As shown 
in Figure 5A, the antibodies induced an increase of the percent-
age of cells with phosphatidylserine exposure on the outer leaflet 
of the cell membrane. This effect was almost three times higher 
in cells treated with biosimilar 1B8 mAb or rituximab in com-
parison with cells untreated or treated with the negative control 
antibody, and dependent on incubation time.

Because phosphatidylserine externalization can also occur in 
non-apoptotic events, the cleavage of caspase 3 as a late event 
in apoptosis was evaluated. During apoptosis, caspase 3 is pro-
cessed into two fragments and the 17/19 kDa moiety was deter-
mined by a specific Alexa 488-conjugated antibody. Incubation 
of cells with biosimilar 1B8 mAb and rituximab for 48 h did not 
affect the cleavage of caspase 3 (Fig. 5B and upper part). Some 
studies have demonstrated that crosslinking of antigen-bound 
anti-CD20 antibody with a secondary antibody upregulates 

CDC induction by biosimilar 1B8 mAb. To test the capacity 
of biosimilar 1B8 mAb to trigger CDC, CD20-positive cell lines, 
Ramos, Daudi and Raji cells were incubated with the antibody 
and human AB serum as source of complement. Figure 3A shows 
that biosimilar 1B8 mAb induced a cytotoxic effect very similar 
to the one observed with rituximab. Lysis percentages correlated 
with the above determined CD20 levels indicated that Ramos 
cells were the most sensitive to CDC activity. ChC5 mAb control 
did not induce any cytotoxicity.

In addition, the antibody dose-dependence for CDC was 
evaluated. Different concentrations of both anti-CD20 anti-
bodies were tested on Ramos cells. At concentrations as low as 
0.025 μg/mL, a similar cytotoxic effect was detected for both 
anti-CD20 mAbs (Fig. 3B). Lysis at this concentration was about 
40%, while it increased up to 80% when antibody concentration 
of 0.1 μg/mL or higher were used.

ADCC induction by biosimilar 1B8 mAb. The capacity of 
biosimilar 1B8 mAb to induce ADCC was assessed by determin-
ing the activity of cytosolic LDH released by treated Ramos cells. 
Different target:effector cell ratios were evaluated. Maximum 
Ramos cell lysis was reached with 1:50 ratio with about 80% of 
specific lysis (Fig. 4A).

The dose influence was then evaluated with the optimal 1:50 
ratio. As shown in Figure 4B, the cytotoxic activity was demon-
strated to be dose dependent. At concentrations as low as 0.32 ng/

Figure 2. Recognition by anti-CD20 biosimilar 1B8 mAb of B cells. (A) Human Burkitt’s lymphoma Daudi, Ramos and Raji cell lines were stained with 
10 μg/mL of biosimilar 1B8 mAb followed by a FITC-conjugated anti-human IgG antibody. Numbers represent mean fluorescence intensity (MFI) of 
CD20-expressing cells. K-562 leukemia cells were used as control of non-CD20-expressing cells. (B) Displacement of biotinylated Rituximab binding to 
Ramos cells by biosimilar 1B8 mAb. Cells were co-incubated with biotin-labeled Rituximab and unlabeled biosimilar 1B8 mAb and Rituximab at differ-
ent concentrations followed by FITC-conjugated streptavidin. (C) PBMC from a healthy human donor and a Macaca fascicularis monkey were stained 
with biotin-labeled biosimilar 1B8 mAb followed by PE-conjugated streptavidin and FITC-conjugated goat anti-human CD19 or anti-HLA (DP, DQ, DR) 
antibodies. Rituximab (A and C) and isotype-matched chimeric C5 (A and B) or 1E10 (C) antibodies were used as positive and negative controls, respec-
tively. Results are representative of three independent experiments.
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administration. Figure 6A shows the administration schedule 
used. As shown in Figure 6B, CD20-positive B lymphocytes level 
decreased dramatically after first administration on day 4. These 
levels remained low until day 102, approximately two months 
after the last administration of this antibody. Recovery of CD20-
positive B lymphocytes was observed from the fourth month, 
reaching the initial level about six month after last administra-
tion. There was no change in the percentage of CD20-positive 
T cells during this experiment. A representative result from each 
group is shown in Figure 6C.

 Immunogenicity studies. The immunogenicity of bio-
similar 1B8 mAb was determined through the measurement of 

Fas expression, increases caspase activity and, in consequence, 
induces apoptosis in B-cell lines.16,17 The incubation of Ramos 
cells with biosimilar 1B8 mAb or rituximab in the presence of 
goat anti-human IgG increased the cleaved caspase 3 (Fig. 5B 
and lower part). There were no differences in the effect induced 
by both anti-CD20 mAbs.

Depletion of B lymphocytes in vivo induced by biosimilar 
1B8 mAb. Finally, a critical point was to evaluate depletion of B 
lymphocytes induced by biosimilar 1B8 mAb. Macaca fascicularis 
monkey are widely used animal models in biomedical research, 
including studies of B cell targeting therapeutics. CD20-positive 
lymphocytes were evaluated before and after 1B8 (20 mg/Kg) 

Figure 3. Induction of complement-dependent cytotoxicity (CDC) by biosimilar 1B8 mAb. (A) Human Burkitt’s lymphoma Daudi, Ramos and Raji 
cells were treated with 1 μg/mL of biosimilar 1B8 mAb for 2 h at 37°C. Human AB serum was used at 20%. Cell lysis was determined by PI uptake. (B) 
Dose-dependence for the induction of CDC by biosimilar 1B8 mAb on Ramos cells. Rituximab and isotype-matched chimeric C5 antibody were used as 
positive and negative controls, respectively. Results are representative of three independent experiments. ABS-human AB serum.

Figure 4. Induction of antibody-dependent cell-mediated cytotoxicity (ADCC) by biosimilar 1B8 antibody. (A) Human Burkitt’s lymphoma Ramos cells 
were treated with 1 μg/mL of 1B8 mAb for 4 h at 37°C. PBMC from a healthy human donor were used as effector cells. Cytotoxicity was measured by a 
LDH-release assay. (B) Dose-dependence for the induction of ADCC by biosimilar 1B8 mAb on Ramos cells. Rituximab and isotype-matched chimeric 
C5 antibody were used as positive and negative controls, respectively. Results are representative of three independent experiments.
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to finding effective therapies. Currently, conventional treatments 
such as chemotherapy, radiation and hormone therapy are also 
complemented with vaccines and mAbs, which are promising 
alternatives.

Owing to the high price of these drugs, companies are com-
mercializing these molecules after expiration of patents on the 
innovator product. Biosimilar antibodies must have the same 
amino acid sequence as the original immunoglobulins, but 
host cells, media or manufacturing processes are different and 

antibodies specific for the 1B8 F(ab’)
2
 fragment induced after 

its administration in monkeys. The anti-1B8 IgG response was 
detected only in two animals, with the highest levels at days 25 
and 39 (Fig. 7).

Discussion

Cancer remains a serious health problem due to its high inci-
dence and mortality, despite the substantial resources dedicated 

Figure 5. Induction of apoptosis by biosimilar 1B8 mAb. Human Burkitt’s lymphoma Ramos cells were incubated with 3 μg/mL of biosimilar 1B8 mAb 
for 24 (A, upper parts) or 48 h (A, lower parts; B) at 37°C. (A) Early-stage apoptosis was assessed by FITC-labeled annexinV and PI staining. AnnexinV-
positive and PI-negative cells were scored as apoptotic cells. (B) Late-stage apoptosis was measured by activation of caspase 3. Upper parts, Ramos 
cells were incubated with the indicated mAbs alone. Lower parts, A goat anti-human IgG (γ-chain specific) antibody was added. Rituximab and 
isotype-matched chimeric C5 antibody were used as positive and negative controls, respectively. Results are representative of two independent 
experiments. NT, non-treated cells.

Figure 6. B cells depletion induced by biosimilar 1B8 mAb. (A) Schedule of biosimilar 1B8 mAb administration and blood extraction. (B) B lymphocytes 
percentages were determined as above (see Fig. 2). (C) T cells were stained with FITC-conjugated goat anti-human CD4 and CD8 mix antibodies.  
NT, non-treated animals.
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product. We also evaluated the binding of 
biosimilar 1B8 mAb to B lymphocytes from 
a Macaca fascicularis monkey and a healthy 
human donor.

Rituximab has been demonstrated to 
exert its therapeutic action through differ-
ent mechanisms, mainly CDC and, although 
still controversially, ADCC.21 ADCC is 
known to act synergistically with CDC on 
tumor cells through the ability of comple-
ment to promote inflammation and change 
the activation status of immune effector 
cells.22 These mechanisms are affected by 
the glycosylation pattern of the antibody Fc 
region due to the influence of carbohydrate 
moieties in the interaction with both comple-
ment proteins and Fcγ receptors on effector 
cells.23 As rituximab and biosimilar 1B8 mAb 
are obtained from different recombinant cell 
lines, it was mandatory to prove the capacity 
of the biosimilar antibody to mediate these 
cell-killing mechanisms. We therefore deter-

mined whether the ability of biosimilar 1B8 mAb to trigger CDC 
and ADCC was comparable to that of rituximab.

Biosimilar 1B8 mAb was as effective as rituximab in exert-
ing CDC on human Burkitt’s lymphoma cells. As previously 
repored in reference 5, this effect was enhanced in cell lines with 
high CD20 expression. For ADCC, cell death was measured by 
cytosolic LDH release by target cells. This method is comparable 
with 51Cr-release assay24 and has been used for measuring this 
effect.25,26 Our results showed that ADCC induced by both anti-
CD20 mAbs was similar, with the same dose-dependence and 
target:effector ratios.

Although the present results indicate that any differences in 
the glycosylation of the biosimilar antibody with respect to the 
marketed product due to the use of different expressing cell lines 
did not influence CDC and ADCC activities, characterization 
of the 1B8 glycosylation pattern is currently being completed 
(Romero et al. unpublished data).

Some reports suggest that rituximab does not have a signifi-
cant apoptotic effect,20,21 but cross-linking of antigen-bound 
anti-CD20 antibody with a secondary antibody (hyper-cross-
linking) enhances this activity.22,27 In vivo, hyper-cross-linking is 
thought to occur via engagement of Fc receptors.16 In this work, 
we determined the phosphatidylserine exposure on the cell mem-
brane outer leaflet in cell treated with biosimilar 1B8 mAb as an 
indicator of early apoptosis. This phospholipid is exposed on the 
outer monolayer due to membrane depolarization in early apop-
totic events. Both anti-CD20 mAbs induced the same effect on a 
Burkitt’s lymphoma cell line, even in the absence of hyper-cross-
linking mAb, which agrees with Daniels et al.’s work with ritux-
imab,28 and contrasts with those from other authors who have 
reported that apoptosis induced by rituximab cannot occur with-
out the presence of secondary antibody.20,29 To further address 
the proapoptotic capacity of biosimilar 1B8 mAb, we assessed 
caspase 3 activation. Caspase 3 is partially or totally responsible 

therefore the product may have small physicochemical differ-
ences that need to be assessed,12,13 due to their potential impact 
on the biological activity of the antibody. A functional evaluation 
comparing both products could support a demonstration of bio-
similarity and justify clinical testing with these antibodies.

In this work, a strain producing an anti-CD20 biosimilar 
rituximab was obtained. The recombinant cell line secreting the 
chimeric antibody was selected based on both productivity and 
stability, for which it is important to isolate the subpopulation 
with the highest levels of sustained immunoglobulin secretion. 
Usually, during long-term cultures low-productivity subpopula-
tion increases.18 Additionally, Sleiman and coworkers19 demon-
strated the existence of a linear correlation, indirectly measured 
by reporter gene expression, between intracellular IgG and anti-
body specific production rate. Thus, for our selection process, we 
analyzed growth, productivity and intracellular IgG expression. 
The starting transfectoma, cultured in medium supplemented 
with fetal bovine serum, produced 20 μg/mL in batch culture 
and showed predominance of a low intracellular IgG-containing 
subpopulation. After adaptation of serum-free conditions and 
cloning by limiting dilution, a clone with high intracellular 
IgG was selected. This clone, 1B8, was then seeded in a biore-
actor to characterize the fermentation process for two months. 
Recombinant antibody secretion remained constant during this 
period. Our selection method, based on the determination of 
intracellular IgG content, thus successfully provided a high pro-
ductivity strain.

We then assessed the biological activity of the biosimilar anti-
CD20 antibody in comparison with the commercially available 
rituximab. As expected, biosimilar 1B8 mAb displayed the same 
recognition profile of CD20-positive cells line as rituximab, in 
which the binding strength correlated with the expression of 
CD20.20 Moreover, biosimilar 1B8 mAb inhibited the binding 
of rituximab to the cells as efficiently as the reference marketed 

Figure 7. Immunogenicity of biosimilar 1B8 mAb in monkeys. Microtiter plates were coated 
with 3 μg/mL of 1B8 F(ab’)2 fragment. IgG response for a serum dilution 1:1,000 was deter-
mined with an alkaline phosphatase-conjugated goat anti-human IgG (γ-chain specific) 
antibody. NT: non-treated animals.
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Monoclonal antibodies. Rituximab, a chimeric mAb that 
recognizes human CD20 molecule,4 was purchased from 
Roche (438219-1). Biosimilar 1B8 mAb was obtained in this 
work. Chimeric (human IgG1, κ) C534 and 1E1035 mAbs were 
used as isotype-matched controls. The antibodies, together 
with biosimilar 1B8 mAb, were purified by Protein A Affinity 
Chromatography (GE-Healthcare, 17-5280-02) and analyzed 
by SDS-PAGE under reducing conditions. F(ab’)

2
 fragments 

were obtained using a standard procedure36 and were purified by 
size-exclusion high performance liquid chromatography (Sigma-
Aldrich, TSK-G3000SWXL).

Animals. Macaca fascicularis monkeys (male and female, one 
to four years old) were purchased from the Center for Laboratory 
Animal Production (CENPALAB). Animal handling and exper-
iments with the animals were performed in accordance with 
institutional guidelines.

Vectors. The pAH4604 and pAG4622 vectors, containing 
the human γ1 and κ constant regions, respectively, have been 
described previously in reference 14 and were kindly provided 
by Dr. Sherrie L. Morrison, Department of Microbiology and 
Molecular Genetics, UCLA.

Variable region genes. The genes of the rituximab light 
and heavy chain variable regions (Vκ and VH, respectively) 
were chemically synthesized (Geneart GmbH). The synthetic 
genes were excised by EcoRV/SalI (New England Biolabs, NEB, 
R0195L and R138L; Vκ) or EcoRV/NheI (NEB, R0131L, VH) 
digestion from Geneart vectors and cloned into pAG4622 and 
pAH4604, respectively.

Chimeric antibody expression. NS0 murine myeloma cells 
were co-transfected by electroporation with PvuI-linearized 
pAG4622 and pAH4604, containing rituximab Vκ and VH, 
respectively, as previously in reference 14. DMEM-F12 contain-
ing 10% FBS and histidinol at 10 mM were used for the selection 
of antibody-producing transfectomas. Chimeric antibody levels 
in the supernatants were quantified by enzyme-linked immuno-
sorbent assay (ELISA), as previously in reference 37.

Adaptation to serum-free medium and screening process. 
The clone secreting the highest antibody levels secreting clone 
was grown in serum-free medium and scaled up for adaptation 
in the mixed CDM4NS0/DMEM-F12 1:1 (v:v) medium. After 
cloning by limiting dilution, intracellular IgG was analyzed by 
flow cytometry.

Fermentation process. 1B8 clone was grown in 15 L stirred 
tank bioreactors (Techfors HT, Infor AG CH-4103) in contin-
uous culture. Bioreactor was seeded at 5 × 105 cells/mL in the 
mixed CDM4NS0/DMEM-F12 1:1 (v:v) medium. To monitor 
cell density, viability and IgG concentration, samples (50 mL) 
were daily collected. Cells were counted in a Neubauer improved 
hemocytometer, cell concentration and viability was assessed by 
the trypan blue exclusion method and IgG concentration was 
determined by ELISA.37

mAb-biotin conjugation. Antibodies (1 mg/mL) were dia-
lyzed against borate buffer (0.1 M, pH 8.8) and incubated with 
100 mg/mL of biotin N-hydroxysuccinimide ester (Sigma-
Aldrich, H1759) for 4 h with gentle agitation at room tempera-
ture. Then, 20 μL of 1 M NH

4
Cl per 250 mg of biotin were 

for the proteolytic activity of many key proteins involved in this 
mechanism.30 Frequently, this protein cleavage is measured as a 
late apoptotic event.28,31 Our results demonstrated the require-
ment of CD20-hyper-cross-linking in caspase 3 activation. These 
data are consistent with those from Jana et al. in which caspase 
3 activation was observed in cells treated with rituximab in pres-
ence of secondary antibody. Furthermore, Byrd and coworkers 
demonstrated caspase 3 activation in primary tumors derived 
from rituximab-treated chronic lymphocytic leukemia patients.10

After demonstrating that biosimilar 1B8 mAb was cytotoxic 
and proapoptotic, its capacity to eliminate B lymphocytes in 
vivo was evaluated as an approximation of its possible efficacy in 
patients. B cell depletion in rituximab-treated monkeys has been 
reported.4,11 Cynomolgus monkeys (Macaca fascicularis), whose B 
cells were recognized by biosimilar 1B8 mAb, were used in this 
study. Our data demonstrated that biosimilar 1B8 mAb depleted 
B lymphocytes from peripheral blood after the first administra-
tion. Interestingly, we found a non-B cell CD20-positive sub-
population. It has been demonstrated that the CD20 molecule 
is expressed, although to a lesser extent, in some T-cell subsets.1 
Unlike B cells, this subpopulation with lower CD20-expression 
was not affected by biosimilar 1B8 mAb treatment. These results 
indicate a possible role for CDC in vivo, taking into account the 
differences in CD20 expression between both subpopulations. 
In fact, binding of C3b(i) to B cells from Macaca fascicularis 
monkeys following rituximab intravenous injection has been 
demonstrated.33

1B8 mAb administration was safe and side effects were not 
observed in animals. Because biosimilar 1B8 mAb is a chime-
ric antibody, we decided to evaluate the immunogenicity corre-
sponding to the variable region of this molecule. F(ab’)

2
 fragment 

was generated and the IgG response was evaluated in monkeys. 
Only two animals from the treated group had IgG response 
against 1B8 F(ab’)

2
 fragment; however, these antibodies did not 

impair the depleting effect of biosimilar 1B8 mAb.
In summary, this work reports the successful generation and 

biological characterization of an anti-CD20 biosimilar anti-
body. Our results provide evidence for the ability of biosimilar 
1B8 mAb to eliminate CD20-positive B cells both in vitro and 
in vivo, which demonstrates the feasibility of the “biosimilar 
approach.” The scale-up of biosimilar 1B8 mAb production has 
been completed. A complete analysis, including full physical and 
chemical characterization of this antibody will be published. A 
clinical study in non-Hodgkin lymphoma patients was initiated 
and positive preliminary results have been observed.

Materials and Methods

Cells. The human Burkitt’s lymphoma cell lines Ramos, Daudi 
and Raji, murine myeloma NS0 and chronic myelogenous leu-
kemia K-562 were purchased from American Type Culture 
Collection. Cells were cultured at 37°C and 5% CO

2
 in RPMI 

1640 or Dulbecco’s modified Eagles medium-F12 (DMEM-F12) 
medium supplemented with 2 mmol/L L-glutamine (Sigma-
Aldrich, G7513) and 10% of heat-denatured fetal bovine serum 
(FBS; PAA, A15–211).
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supplemented with 2% FBS. A goat anti-human IgG (γ-chain 
specific) antibody (final concentration 50 μg/mL; Sigma-Aldrich, 
Catalog # I3382) was used as crosslinker agent. Cells were washed 
with PBS and fixed and permeabilized with Cytofix/Cytoperm 
(BD PharMingen, 51-2090KZ). Then, cells were stained with 
an Alexa Fluor 488-conjugated goat anti-cleaved caspase 3 (Asp 
175) antibody (Cell Signaling, 9669).

Antibody-dependent cell-mediated cytotoxicity. Antibody-
dependent cell-mediated cytotoxicity (ADCC) was measured 
by a LDH-release assay, as previously described in reference 25. 
PBMC from a healthy human donor were used as effector cells. 
Briefly, 2 × 104 Ramos cells were mixed with the effector cells 
at different target:effector ratios (1:10, 1:25, 1:50) in RPMI 
medium supplemented with 1% FBS. After 4 h incubation with 
the chimeric mAbs at 37°C and 5% CO

2
, 100 μL of the super-

natant was collected. The cytotoxicity detection kit (Roche, 
11644793001) was used according to manufacturer’s recom-
mendations. The absorbance of the product was measured at 490 
nm with 620 nm filter in an ELISA reader ELX800 (DIALAB 
GmbH). Maximum release (high control) of LDH was deter-
mined in cells treated with 1% Triton X-100, while spontane-
ous release levels were measured in cells without antibody. Cells 
incubated with antibodies (low control) and effector cells alone 
were included as controls. The percentage of specific lysis was 
calculated according to the following formula:

Cytotoxicity (%) = {[(effector-target cell mix - effector cell con-
trol) - low control]/high control - low control} × 100

Depletion and recovery of B lymphocytes in monkeys. Two 
groups of five Macaca fascicularis monkeys each were treated 
either with six weekly intravenous doses of 20 mg/kg of biosimi-
lar 1B8 mAb or 0.9% NaCl (control group). Blood was collected 
prior to the first administration, on day 11 and then every 14 d. 
Recovery of B lymphocytes was analyzed in blood taken approxi-
mately two, four and six months after the last dose of biosimilar 
1B8 mAb. B cell percentage was determined by flow cytometry 
as described above.

Monkey anti-chimeric antibody response. Microtiter plates 
(Microlon 600, high binding, Greiner Bio-One GmbH, 655061) 
were coated overnight at 4°C with 3 μg/mL of 1B8 F(ab’)

2
 frag-

ment in carbonate buffer at pH 9.6. After washing with PBS-
Tween 20 0.05% (PBS-t), plates were blocked with PBS-t-BSA 
1%, for 1 h at 37°C. After an incubation of 1 h at 37°C with 
diluted monkey sera (1:1,000), plates were washed and an alka-
line phosphatase-conjugated goat anti-human IgG (γ-chain spe-
cific) antibody (Sigma-Aldrich, A3188) was added. After 1 h at 
37°C, the reaction was developed with p-nitrophenylphosphate 
substrate (Sigma-Aldrich, N3254) solution and absorbance moni-
tored at 405 nm in an ELISA reader ELX800 (DIALAB GmbH).
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added for 10 min to stop the reaction. Finally, mAb solution was 
dialyzed against phosphate buffered saline (PBS).38

Isolation of PBMC. Peripheral blood mononuclear cells 
(PBMC) from healthy human donors and Macaca fascicularis 
monkeys were isolated by density gradient centrifugation using 
Ficoll-PaqueTM PLUS (GE-Healthcare, 17-1440-02).

Flow cytometry assays. Mean fluorescence intensity (MFI) 
and percentage of stained cells were determined in a FACScan 
instrument (Becton Dickinson). The Flow Jo 7.2.2 software 
(Tree Star) was used to analyze cells acquired on every fluores-
cence-activated cell sorting assay.

Measurement of intracellular IgG. NS0-transfected cells were 
fixed in ethanol for 2 h at -20°C and internal IgG content was 
determined with a fluorescein isothyocianate (FITC)-conjugated 
goat anti-human polyvalent immunoglobulin antibody (Sigma 
Aldrich, F6506).

Recognition of CD20 positive cells. Ramos, Daudi, Raji and 
K562 cells (2 × 105) were incubated with chimeric antibodies on 
ice for 30 min and washed with PBS. The binding of the antibod-
ies was detected by incubation with a FITC-conjugated rabbit 
anti-human IgG F(ab’)

2
 (Dako, F0056) for 30 min on ice.

PBMC (5 × 105) from a healthy human donor and a Macaca 
fascicularis monkey were incubated with biotinylated chime-
ric antibodies on ice for 30 min. After washing with PBS, the 
binding was detected with phycoerythrin (PE)-conjugated 
streptavidin (BD PharMingen, 554060). For the identification 
of the human and monkey B cell populations, the samples were 
labeled with FITC-conjugated goat anti-CD19 (AbD Serotec, 
MCA1940F) and anti-HLA DP, DQ, DR (BD PharMingen, 
55558) antibodies, respectively. T-cell populations were stained 
with FITC-conjugated goat anti-CD4 (Dako, F0766) and CD8 
(Dako, F0765) antibodies.

Competition assay. Ramos cells (2 × 105) were incubated with 
biotinylated-rituximab (5 μg/mL) and unlabeled chimeric anti-
bodies at different concentrations 30 min on ice. Then, cells 
were washed with PBS and reactivity was measured using FITC-
conjugated streptavidin (BD PharMingen, 554061).

Complement-dependent cytotoxicity. Cells were incubated with 
chimeric mAbs for 2 h at 37°C in RPMI medium supplemented 
with bovine serum albumin (BSA) 1%. Human AB serum 
(ABS), from healthy donors, was used as the source of comple-
ment at 20%. Then, cells were washed, resuspended in PBS with 
propidium iodide (PI; Sigma-Aldrich, P4170) at 10 μg/mL and 
analyzed by flow cytometry. Dead cells were determined by scat-
ter measurement (forward scatter and side scatter) and PI inter-
nalization. All cells that gated out of live cells and were PI-stained 
were considered dead.

AnnexinV-FITC assay. Annexin V was used to detect early 
stage apoptosis. Ramos cells (3 × 104) were incubated with chi-
meric mAbs (3 μg/mL) for 24 or 48 h in RPMI medium sup-
plemented with 2% FBS. Afterwards, cells were washed twice 
with AnnexinV binding buffer and incubated with AnnexinV-
FITC and PI using manufacturer’s instructions (R&D System,  
TA5532).

Caspase 3 activation. Ramos cells (3 x 104) were incubated 
with chimeric mAbs (3 μg/mL) for 48 h in RPMI medium 
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