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ABSTRACT
The therapeutic potential of targeting CD19 in B cell malignancies has garnered attention in the past 
decade, resulting in the introduction of novel immunotherapy agents. Encouraging clinical data have 
been reported for T cell-based targeting agents, such as anti-CD19/CD3 bispecific T-cell engager blinatu-
momab and chimeric antigen receptor (CAR)-T therapies, for acute lymphoblastic leukemia and B cell non- 
Hodgkin lymphoma (B-NHL). However, clinical use of both blinatumomab and CAR-T therapies has been 
limited due to unfavorable pharmacokinetics (PK), significant toxicity associated with cytokine release 
syndrome and neurotoxicity, and manufacturing challenges. We present here a fully human CD19xCD3 
bispecific antibody (TNB-486) for the treatment of B-NHL that could address the limitations of the current 
approved treatments. In the presence of CD19+ target cells and T cells, TNB-486 induces tumor cell lysis 
with minimal cytokine release, when compared to a positive control. In vivo, TNB-486 clears CD19+ tumor 
cells in immunocompromised mice in the presence of human peripheral blood mononuclear cells in 
multiple models. Additionally, the PK of TNB-486 in mice or cynomolgus monkeys is similar to conven-
tional antibodies. This new T cell engaging bispecific antibody targeting CD19 represents a novel 
therapeutic that induces potent T cell-mediated tumor-cell cytotoxicity uncoupled from high levels of 
cytokine release, making it an attractive candidate for B-NHL therapy.
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Introduction

B cell non-Hodgkin lymphoma (B-NHL) affects approximately 
1.5 million patients worldwide and presents with diverse clin-
ical manifestations dependent on the subtype. Among the 
major subtypes of B-NHL, diffuse large B cell lymphoma 
(DLBCL) and follicular lymphoma represent the most com-
mon aggressive and indolent subtypes of B-NHL, respectively, 
and together account for over 50% of all cases.1 Chemotherapy 
coupled with Rituxan®, a monoclonal antibody (mAb) target-
ing CD20, has remained the first-line treatment for the major-
ity of the subtypes. Despite a high overall response rate (>90%), 
most patients relapse and treatment of relapsed/refractory 
B-NHL remains a challenge owing to the complexity of the 
disease subtypes, patient characteristics and variable responses 
between subtypes to initial therapy.2,3

Based on the success of Rituxan®, lineage markers gained 
popularity as targets for the treatment of hematologic malig-
nancies. CD19 is a B cell restricted surface receptor present on 
all B cells, including neoplastic B cells. The expression of CD19 
is broader than CD20, from the pro-B cell to plasmablast stage, 
and is lost upon differentiation into plasma cells, making it 
a popular target for B cell malignancies.4,5 Efforts to target 
CD19 have included multiple immunotherapy modalities 
such as mAbs and their derivatives, e.g., antibody-drug 

conjugates (ADCs), T cell engaging bispecific antibodies 
(T-BsAbs), and chimeric antigen receptor (CAR)-T cells.5–7 

Of these, mAbs have shown limited success, likely owing to 
lower antigen density of CD19 on malignant B cells compared 
to CD20,8 the inherently limited antibody-dependent cell- 
mediated cytotoxicity or complement-dependent cytotoxicity 
activities of mAbs, or rapid internalization of CD19 upon 
antibody crosslinking.5 CD19-targeted ADCs have also faced 
hurdles due to toxicity associated with the cytotoxic payload or 
inhibition of internalization due to high CD21 expression.9,10

Immunotherapy modalities that harness the cytolytic poten-
tial of T cells to target and kill tumor cells, such as T-BsAbs or 
CAR-T cells have shown promise in the treatment of che-
motherapy-resistant or relapsed hematologic malignancies. 
Blinatumomab (Blincyto®), an antibody-based Bispecific 
T cell Engager (BiTE) that targets CD3 and CD19, is approved 
by the U.S. Food and Drug Administration (FDA) for B cell 
acute lymphoblastic leukemia (B-ALL) and shows durable 
responses in relapsed/refractory DLBCL.11,12 Axicabtagene 
ciloleucel (Yescarta®) and tisagenlecleucel (Kymriah®) are 
CD19 targeted CAR-T cell products that are FDA-approved 
as third-line therapies for B-NHL. However, both T-BsAbs and 
CAR-T cells have significant toxicity hurdles due to cytokine 
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release syndrome (CRS) and neurotoxicity,13 which result in 
limited or modified dose regimens combined with clinical 
management of the toxicities.14,15

T-BsAbs that demonstrate efficient tumor cell cytotoxicity 
coupled with reduced cytokine release in vitro have been 
described and could prove beneficial in the clinic by reducing 
CRS-related toxicity.16–18 Previous work from our group has 
highlighted a novel CD3-engaging arm which, when paired 
with a tumor-targeting arm, shows reduced cytokine secretion 
with comparable tumor cell lysis relative to a T-BsAb that 
contains a higher affinity anti-CD3 arm.16

This study describes TNB-486, a novel fully human 
CD19xCD3 bispecific antibody designed for the treatment of 
B-NHL. TNB-486 engages CD19 and CD3, leading to activa-
tion of resting polyclonal CD4+ and CD8+ T cells that result in 
efficient lysis of CD19+ tumor cells, but with markedly lower 
cytokine release. The preclinical characterization of TNB-486 
presented here outlines the anti-tumor efficacy of TNB-486 in 
in vitro, in vivo and ex vivo models of B cell malignancies.

Results

CD19 expression on normal and malignant B cells

Cell surface expression of CD19 on tumor cell lines 
derived from various B cell malignancies was confirmed 
by flow cytometry. The number of CD19 molecules on the 
cell surface (antigen density) of multiple CD19-positive 
cell lines representing Burkitt’s lymphoma (BL), DLBCL 
or ALL were quantified by flow cytometry analysis using 
a commercially available monoclonal CD19 antibody 
(Figure 1a). Similarly, CD19 expression was also deter-
mined on B cells in peripheral blood mononuclear cells 
(PBMCs) from healthy individuals, and PBMCs or disso-
ciated tumor cells (DTCs) from chronic lymphocytic leu-
kemia (CLL) or DLBCL patients (Figure 1b). The CD19 
antigen density on tumor cell lines and patient-derived 
samples ranged from 6 × 103 to 161 × 103 and 8 × 103 

to 98 x 103, respectively. In contrast, normal PBMCs had 

a more uniform expression ranging between 21–32 × 103 

CD19 molecules per cell (Figure 1b).

Generation and characterization of a CD19xCD3 bispecific 
antibody

Due to the complex extracellular structure of CD19,19,20 pro-
tein-based immunization strategies have shown limited suc-
cess, leading to low numbers of unique antibody clones against 
CD19. The handful of available clones are primarily derived 
from mouse hybridomas and require humanization.21–23 Some 
humanized murine antibodies have a higher risk of immuno-
genicity in the clinic, and thus fully human antibodies are 
a preferred alternative. Fully human heavy-chain only antibo-
dies targeting CD19 were generated by immunization of 
UniRats® followed by next-generation sequencing (NGS)- 
based antibody repertoire discovery approach.24 A lead anti- 
CD19 UniAb® was identified by screening multiple candidates 
for cell surface binding to CD19+ tumor cells, as well as high- 
affinity binding to CD19 protein by Octet. Antibodies against 
CD3 were generated in OmniFlic® animals and have been 
previously described.16,25

T-BsAbs were generated by pairing the lead anti-CD19 VH 
(variable heavy region of the antibody) with a high-affinity 
CD3-binding arm (as a Positive Control, PC) or a low-affinity 
CD3-binding arm (Lead antibody, TNB-486) using knobs-in- 
holes technology as previously described.16 TNB-486 is a fully 
human asymmetric bispecific monoclonal IgG4 antibody. The 
structure is presented in Figure 2a. The PC T-BsAb that con-
tains a high-affinity CD3-binding arm was used in all relevant 
experiments. A negative control antibody (NC) that contains 
the same anti-CD3 VH as TNB-486 but an irrelevant tumor 
binding arm was used where applicable. TNB-486 shows 
robust expression, desirable biophysical properties, and low 
aggregation propensity after thermal stress (Table 1, Figure S1).

Cell binding dose curves of TNB-486 across a panel of 
CD19-positive and -negative cell lines are shown in Figure 
2b. The EC50 of cell binding on the Daudi, Raji and Nalm-6 

Figure 1. CD19 Expression on normal and malignant B cells (a) Antigen density of CD19 was measured on the indicated human B cell lines by quantitative flow 
cytometry. Error bars indicate standard error mean (SEM) of 2–4 independent experiments. (b) Antigen density of CD19 was enumerated on normal human PBMCs and 
malignant B cells from 4 CLL and 2 DLBCL DTCs or PBMCs. Error bars represent SEM of independent samples. Unpaired Student’s t-test was used to determine 
significance.
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cell lines ranged from 1.2 to 5.2 nM. The cell surface affinity of 
TNB-486 on target expressing cells was determined by 
Scatchard analysis. Consistent with EC50 values obtained in 
Figure 2b, the KD of the anti-CD19 arm to Nalm-6 cells was 
1.8 nM (± 0.54 nM). The binding of the anti-CD3 arm to 
human T cells has been previously published.16

In vitro functional assessment of TNB-486

The ability of TNB-486 to activate CD4+ and CD8+ T cells in 
the presence of CD19+ tumor cells was assessed by CD69 
expression. Consistent with the mode of action of T-BsAbs, 
in the presence of CD19+ RI-1 tumor cells, TNB-486 activated 
both CD4+ and CD8+ T cells to a similar extent as the PC 
(Figure 3a). Approximately 95% of total CD8+ T cells and 55% 
of total CD4+ T cells were CD69+ following incubation of pan 
T cells with CD19+ RI-1 tumor cells at saturating concentra-
tions of TNB-486. The EC50 of TNB-486-induced activation 
was 103.6 pM and 121.8 pM, for CD4+ and CD8+ T cells, 
respectively, compared to EC50 ~ 1–2 pM for the PC in both 
T cell subtypes. In a similar assay setup that included an 
incubation time of 5 days, TNB-486 induced proliferation of 
CD4+ and CD8+ T cells to the same extent as the PC, but with 
a higher EC50 value (Figure 3b). The EC50s for TNB-486- 
mediated proliferation was 62.9 pM among 

CD4+ carboxyfluorescein succinimidyl ester (CFSE)+ T cell 
subset and 46.9 pM for CD8+ CFSE+ T cell subset, compared 
to EC50s ≤ 1 pM for the PC. The NC did not mediate activation 
or proliferation of T cells, demonstrating target-dependent 
activation of T cells by TNB-486. In addition, TNB-486- 
mediated T cell activation was accompanied by the release of 
cytotoxic granules, perforin and granzyme B, in the super-
natant of co-cultures of T cells and RI-1 tumor cells (Figure 
3c). The maximum concentration of the cytotoxic granules 
release was similar to that of the PC. As expected, cytotoxic 
granule release coincided with flow-cytometry based measure-
ments of tumor cell lysis in the co-culture assay (data not 
shown).

Since CD19 is expressed on both normal and neoplastic 
B cells, TNB-486 is expected to mediate lysis of normal 
B cells in peripheral blood. To test this, T cells and B cells 
sorted from PBMCs of healthy human donors were incubated 
with TNB-486 at a ratio of 10:1 and the depletion of B cells 
was evaluated over 4 days. By 24 hours of incubation, TNB-486 
induced ~40% T cell-dependent cellular cytotoxicity (TDCC) of 
B cells in the culture. Percent lysis increased to 65% by 
48 hours and reached over 90% by 96 hours. Of note, the 
EC50 of lysis did not vary substantially between 48 hours and 
96 hours (EC50s ranging from 0.93 to 1.35 nM) and therefore, 
all cytotoxicity experiments henceforth were performed at 
48 hours (Figure 4a). Next, the TDCC of PBMCs from three 
independent donors was evaluated. Figure 4b shows that in the 
presence of TNB-486, autologous T cells can mediate lysis of 
B cells in the culture by 48 hours. In addition, compared to the 
PC, TNB-486 induced lower levels of interleukin (IL)-2, inter-
feron (IFN)γ, IL-6, IL-10 and tumor necrosis factor (TNF) in 
the culture supernatant (Figure S2). To confirm that this time 
point was the most relevant for evaluating TDCC with CD19+ 
tumor cells as well, TDCC experiments were conducted by 
incubating TNB-486 with Nalm-6 CD19+ tumor cell line 

Figure 2. TNB-486 is a fully human bispecific antibody engaging CD19 and CD3 (a) TNB-486 was constructed using knobs-into-holes technology. The format of the 
antibody is depicted. (b) Cell binding dose curves of TNB-486 on three CD19+ B cell lines Daudi, Raji and Nalm-6, and one CD19- cell line, K562 is shown. (c) Cell surface 
affinity of TNB-486 to CD19 expressed on Nalm-6 cells was determined by Scatchard analysis.

Table 1. TNB-486 has favorable protein biophysical characteristics. Thermal 
stability of TNB-486 was assessed by determining the melting temperatures 
(Tonset,Tm1 and Tm2). Further, aggregation propensity was assessed by SEC-UPLC 
before and after exposure to heat stress. Percent High Molecular Weight (%HMW) 
species are shown at T = 0 and after 30 days.

Yield (g/L)

Thermal 
Stability 

(%HMW): 5⁰C
Thermal Stability 

(%HMW): 25⁰C

Tonset (⁰C) Tm1 (⁰C) Tm2 (⁰C)Td0 Td30 Td0 Td30

3.3 0.5 0.5 0.5 0.5 57.4 67.7 76.9
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with pan T cells from PBMCs. After 48 and 72 hours of co- 
culture, cytotoxicity and cytokine release were evaluated. While 
the maximum %cytotoxicity increases over time, the EC50 does 
not change between 48 and 72 hours (0.11 nM vs 0.18 nM for 
TNB-486 at 48 vs 72 hours, respectively) (Figure S3). TNB-486- 
mediated induction of IL-2 and IFNγ levels remained low at 
both timepoints (~100 pg/mL and 60 pg/mL of IL-2 at 48 and 
72 hours, respectively; and ~600 pg/mL of IFNγ at both 48 and 
72 hours). Based on this data, the 48-hour timepoint gives 
a conservative measure of cytokine release as well as cytotoxi-
city in this in vitro system and was used for further TDCC 
experiments.

To evaluate the T cell redirecting properties of TNB- 
486, TDCC experiments were performed by incubating 
TNB-486 in the presence of resting CD3+ human T cells 
and a variety of CD19+ tumor cells for 48 hours. At an 
effector to target ratio (E:T) of 5:1, TNB-486 induced 
concentration-dependent TDCC of multiple CD19+ 
tumor cell lines derived from leukemia or lymphoma 
origin, namely, Ramos, Daudi, Raji, Nalm-6, WSU- 
DLCL2, SU-DHL-4, or RI-1 (or RIVA). Among these, 
RI-1 is a DLBCL cell line known to be resistant to 

rituximab,26 and WSU-DLCL2 is derived from a patient 
with aggressive lymphoma and is resistant and refractory 
to chemotherapy agents.27 The maximum average percent 
lysis induced by TNB-486 ranged from 35% to 82% 
between the different tumor cell lines (Figure 4c). In con-
trast, a concentration-dependent TDCC was not observed 
in the CD19- K562 tumor cell line, illustrating the speci-
ficity of TNB-486 to CD19 expressing tumor cells.

Upon treatment with T-BsAbs, both CD4+ and CD8+ T 
cells are known to contribute to cytotoxicity of tumor cells.28 

To assess this, TNB-486 was incubated with either CD4+ or 
CD8+ T cells in the presence of RI-1 tumor cells and cytotoxi-
city was measured at 48 hours. As shown in Figure 4d, cyto-
toxicity was observed when either CD4+ or CD8+ T cells were 
used as the source of effector cells. The maximal percent cyto-
toxicity induced by TNB-486 was similar when CD4+ or CD8+ 
cells were used as effectors (39.2% and 48.4% lysis, respectively) 
but lower than that of the PC (75.6% and 98.6%, respectively).

TNB-486 consistently mediated TDCC in PBMCs derived 
from several donors. In TDCC experiments with two different 
CD19+ tumor cells (RI-1 or Raji) and T cells from three 
independent donors, TNB-486 resulted in T-cell-mediated 

Figure 3. TNB-486 mediates T cell activation, proliferation, and cytotoxic granule release. CD19+ RI-1 tumor cells were incubated with T cells from a single 
healthy donor at an E:T ratio of 10:1 and serially diluted indicated test antibody (a) Activation of CD4+ or CD8+ T cells were determined by flow cytometric measurement 
of the activation marker CD69 after 24 hours of co-culture (b) T cell proliferation was measured by labeling T cells with CFSE and monitoring CD4 or CD8 proliferation 
after 5 days of co-culture (c) Perforin and granzyme B levels were measured in the cell culture supernatants of co-culture after 48 hours by ELISA.
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tumor cell lysis irrespective of the donor. The EC50s of TNB- 
486 mediated cell lysis were 23.5 ± 11.5 pM or 0.9 ± 0.2 nM for 
Raji cells or RI-1, respectively, compared to that of the PC with 
an EC50 of 2.2 ± 2.5 pM in both cell lines. Importantly, at 
concentrations sufficient to achieve maximum tumor lysis, the 
levels of IL-2 induced by TNB-486 was markedly lower than 
that induced by the PC (Figure 5). IFNγ and TNF also 

displayed a similar trend where TNB-486 induced lower cyto-
kine levels compared to the PC. IL-6 and IL-10 levels were 
similar between TNB-486 and PC, but with a markedly higher 
EC50 for TNB-486 (Table 2). In similar TDCC experiments 
with Raji tumor cells and T cells, TNB-486 was compared with 
blinatumomab and the PC. TNB-486 induced similar maxi-
mum percentage of lysis as that of blinatumomab, which was 

Figure 4. TNB-486 induces lysis of CD19+ B cells (a) T cells and B cells sorted from normal PBMCs were co-cultured at an E:T ratio of 10:1 and incubated with varying 
doses of TNB-486. Cytotoxicity of B cells was evaluated by flow cytometry at 24 h, 42 h, 72 h and 96 h. (b) PBMCs from three independent donors (the shades of blue 
represent three independent donors for TNB-486, shades of red and gray/black represent the three donors for PC and NC, respectively) were incubated with increasing 
doses of TNB-486 without adjusting the E:T ratio. Cytotoxicity of B cells was measured by flow cytometry at 48 h. (c) CD19+ tumor cells Daudi, Raji, Ramos, SU-DHL-4, 
WSU-DLCL2 and RI-1 or a CD19- K562 cell line were co-cultured with T cells from a healthy donor (at an E:T ratio of 5:1) and increasing doses of TNB-486. TDCC was 
measured at 48 hours by enumerating the live CD20+ B cells by flow cytometry (d) TNB-486 mediated cytotoxicity of CD19+ RI-1 tumor cells and CD4+ or CD8+ T cells 
as effectors was determined as in (C).

Figure 5. TNB-486 induced lysis is accompanied by low cytokine release. TDCC of TNB-486 was evaluated as in (Figure 4) but using T cells from three independent 
donors. Raji or RI-1 tumor cells were used as target cells. IL-2 levels were measured from culture supernatants of the co-culture assay by MSD.
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similar to the PC used in this study, but with a higher EC50. The 
equivalent cytotoxicity was accompanied by reduced cytokine 
secretion in TNB-486-treated samples compared to blinatumo-
mab (Figure S4).

Evaluation of cytotoxicity in patient-derived samples 
was performed by obtaining either PBMCs or DTCs 
from B-CLL or DLBCL patients. Depletion of CD20 posi-
tive B cells was used as a readout for lysis. Depending on 
the number of viable cell numbers recovered from each of 
the frozen samples, the experiment was conducted with an 
adjusted E:T ratio of 10:1 or unadjusted E:T ratio. Data in 
Table 3 shows that TNB-486 induced the autologous T cell 
killing of >10% B cells in 6 of 8 samples tested.

In vivo anti-tumor efficacy of TNB-486 in murine xenograft 
models

The in vivo anti-tumor efficacy of TNB-486 was assessed 
against human tumor cell lines xenografted into immunocom-
promised NOG (NOD.Cg-Prkdcscid IL2rgtm1Sug/JicTac) 
mice in three different models. In the first study using 
a disseminated model of Burkitt lymphoma, NOG mice were 
engrafted with luciferase-expressing Raji tumor cells and 
human PBMCs, followed by treatment with TNB-486. The 
doses of TNB-486 were 10 ng, 100 ng, 1 µg, or 10 µg per 
mouse (or 10 ng PC or 10 µg NC, respectively) administered 
intravenously (IV) every 5 days. Bioluminescent imaging was 
used to monitor tumor burden. After two treatments at the 
respective dose levels, TNB-486-treated animals showed 
a dose-dependent tumor reduction compared to the NC, 
which did not show any reduction in tumor growth (Figure 
6a). At doses 100 ng, 1 μg, or 100 μg/mouse, TNB-486 cleared 
tumors similar to the PC at 10 ng/mouse. The 10 ng/mouse 
dose of TNB-486 showed tumor growth inhibition (TGI) at 
8 days post-implantation (dpi), but the TGI was not sustained 
as seen at 14 dpi, indicating that higher doses of TNB-486 
compared to the PC are required to achieve a similar efficacy, 
which is consistent with the in vitro TDCC experiments.

Efficacy was also measured in a xenograft model using the 
SU-DHL-10 (DLBCL) tumor cell line, where immunocompro-
mised NOG mice received tumor cells subcutaneously, fol-
lowed by PBMC engraftment and treatment with TNB-486. 
By day 40 post-implantation (pi), TNB-486 displayed a dose- 
dependent TGI (10.89%, 35.68% and 88.52%) with doses 1, 10, 
or 100 μg/animal, respectively, compared to the 100 μg/animal 
dose of PC, which resulted in a TGI of 90.74% (Figure 6b). In 
a similar subcutaneously injected tumor model using the 
Nalm-6 (ALL) cell line and resting PBMCs as the source of 
effector cells, TNB-486 treatment resulted in significant TGI at 
all doses by 35 dpi (79.36%, 94.99%, and 94.86% TGI, at doses 
1, 10, or 100 μg/animal, respectively, compared to 55.86% TGI 
in the 100 μg/animal dose of PC) (Figure 6c). Interestingly, the 

Table 2. TNB-486 induces lower cytokine release compared to the PC. The TDCC of TNB-486 was assessed as described in Figure 5. Supernatants from the co-culture 
were used to measure cytokine release. The EC50s of cytokine release are shown in Table 2(A) and the maximum cytokine released is shown in Table 2(B).

(A) EC50 values of dose curves for TNB-486 or PC mediated cytokines

EC50 (pM), TNB-486 EC50 (pM), PC

Target Cell RI-1 Raji RI-1 Raji

Donor ID D2546 D2921 D0628 D2546 D2921 D0628 D2546 D2921 D0628 D2546 D2921 D0628

IFNγ 1534 N/A 1411 N/A 2164 358 7 N/A 5 8 3 5
IL-2 5364 N/A 6192 N/A 1410 570 18 31 17 3 3 4
IL-6 3487 N/A 2961 N/A N/A N/A 15 N/A 10 N/A N/A N/A
IL-10 1423 735 1369 N/A N/A 322 3 N/A N/A 16 N/A N/A
TNF 2620 708 3051 N/A 1225 490 18 14 13 1 2 N/A

(B) Maximum cytokine levels induced by TNB-486 or PC (related to Figure 5)

Maximum Induction (pg/mL), TNB-486 Maximum Induction (pg/mL), PC

Target Cell RI-1 Raji RI-1 Raji

Donor ID D2546 D2921 D0628 D2546 D2921 D0628 D2546 D2921 D0628 D2546 D2921 D0628

IFNγ 42492 13647 24080 18188 18373 6416 65646 22860 28701 80441 43053 17758
IL-2 2061 443 2094 4929 2456 4494 17874 4537 12430 21217 8567 10378
IL-6 246 3 193 39 47 19 1124 131 554 189 79 27
IL-10 1294 74 1804 326 56 213 1448 101 1795 910 99 360
TNF 1473 632 1372 742 500 500 8174 2533 4367 5747 1828 1159

Table 3. TNB-486 mediates lysis of tumor cells derived from leukemia or 
lymphoma patients. Lysis of CD19+ cells from ex vivo patient derived PBMCs or 
dissociated tumor cells (DTCs) was evaluated by flow cytometry. Average % lysis 
of tumor cells is shown.

Ex Vivo Sample Type Effector: 
Target 
Ratio

CD19 
Antigen 
Density 
(x103)d

Average % 
lysis of 
tumor 
cellse

Lymphoma, NOS 1.707b 7.6 2.3a

NHL, Extranodal Marginal Zone B 
cell (MALT: Mucosa-Associated 
Lymphoid Tissue)

0.01b NT -1.4

NHL, Extranodal Marginal Zone B 
cell (MALT: Mucosa-Associated 
Lymphoid Tissue) PBMC

12.54b 20.7 55.7

NHL, Diffuse Large B cell 
Lymphoma

25.95b 7.6 25.4a

CLL PBMC 10c 70.3 18.2
CLL PBMC 10c 20.4 14.9
NHL 2 b - 28.2
CLL PBMCf 10c 97.9 44.4

0.064b 17.5
aAssay incubation time was 24 hours 
bEffector to target cell ratio was left unaltered 
cEffector to target cell ratio was adjusted to indicated value 
dAntibody used for antigen density estimate; Biolegend Cat#302208 

Clone#HIB19 
eNormalized to control samples without antibody 
fSame sample was tested with and without modifying E:T ratio as indicated 

in column 2.
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PC showed reduced efficacy compared to TNB-486, suggesting 
that strongly activating anti-CD3 containing antibodies could 
allow relapse of tumor over time.

Pharmacokinetics (PK) of TNB-486 in non-human species
The PK of TNB-486 was evaluated in BALB/c mice following 
a single tail vein injection at 1 or 10 mg/kg. Non-compartmental 
analysis and two compartmental analyses showed that TNB-486 
PK was linear across the dose ranges tested. Group mean clear-
ance (CL) ranged from 13.0 to 15.5 mL/day/kg and group mean 
half-life (t1/2) ranged from 2.6 to 4.1 days (Table 4). Since TNB- 
486 does not cross-react with CD19 or CD3 in rodent species, 
the observed linear PK was expected.

PK parameters in cynomolgus monkeys were similarly mea-
sured after a single IV bolus dose of 0.1, 1 or 10 mg/kg. CL 
ranged from 5.99 to 7.41 mL/day/kg and group mean terminal 
half-life (t1/2) ranged from 11.4 to 12.9 days (Table 4). Although 
the anti-CD19 arm binds to cynomolgus monkey CD19, it did 
not affect TNB-486 PK in monkeys at the tested dose levels. 
Taken together, the observed linear PK in mice or monkeys is 
consistent with nonspecific clearance mechanisms dominating 
PK. Figures 7a and 7b show the serum concentrations of TNB- 
486 in mice and cynomolgus monkeys, respectively, at the spe-
cified doses. Cross-reactivity of the CD19 VH to cynomolgus 
monkey B cells did not affect serum chemistry, PK or immune 
cell subset frequencies in the blood of cynomolgus monkeys 
(data not shown).

(a)

(b) (c)

Figure 6. TNB-486 induces tumor regression in multiple xenograft models of established tumors. (a) 1 × 106 Raji-luc cells were injected i.v via tail vein into CIEA- 
NOG mice (N = 5/group). On day 6 post-implantation (pi), 10 × 106 human PBMCs were injected i.v. TNB-486, NC or PC, at the respective doses shown, was injected on 
days 7, 14 and 21. GvHD/GvT onset was observed by day 15 pi and hence data points after day 14 are not shown. (b and c) CIEA-NOG mice (N = 10/group) received 10 × 
106 SUDHL-10 cells (b) or Nalm-6 cells (c) with 50% Matrigel subcutaneously in the lower right flank. When tumor volume reached 200 mm3, mice received 10 × 106 

human PBMCs i. v followed by antibody treatment Q4D as shown in the figure. Statistical analyses were performed by Two-way ANOVA on GraphPad Prism. TNB-486 
treated animals were compared with PBMC + vehicle treated animals. A value of p < .05 was considered significant.
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Discussion
MAbs and derivatives such as ADCs targeting CD19 have 
been explored with limited clinical success. Rapid internali-
zation of CD19 upon antibody binding limits the success of 
mAbs, and, in particular, ADCs have encountered challenges 
due to compensatory tumor evasion mechanisms.6,9 T cell 
redirecting bispecific antibodies such as TNB-486 rely on 
cross-linking of T cells and target-expressing cells, thereby 
clustering T cell receptors (TCRs) to initiate a signaling 
cascade that results in activation, proliferation and cyto-
kine/cytotoxic granule release by the T cells to lyse target 
cells.29 This polyclonal and Major Histocompatibility 
Complex (MHC)-independent activation of T cells over-
comes common evasion mechanisms used by cancer cells, 
such as down modulation of peptide-MHC antigen presenta-
tion or loss of antigenic epitopes.

Current CD19 targeting T cell therapies such as T-BsAbs/ 
BiTEs and CAR-Ts are efficacious in the treatment of B cell 
malignancies, but have drawbacks such as CRS and 
neurotoxicity,7,30,31 in addition to other challenges related to 
dosing of BiTEs or accessibility of CAR-Ts. Another tumor 
evasion mechanism with CD19-targeted CAR-Ts is antigen 
loss associated with exon skipping.32,33 This appears to be likely 
due to immune pressure from long-term persistence of immu-
nostimulatory domain-containing CAR-Ts compared to 
BiTEs.34 In contrast, there was no CD19 loss observed in 
patients refractory to blinatumomab, a BiTE targeting CD19 
and CD3.35 The approval of blinatumomab has validated the 
T-BsAb approach for targeting CD19 in certain subsets of 
B cell lymphomas, but safety concerns have limited its use 
beyond ALL.36 Of note, a CD19xCD3 T-BsAb was halted in 
development due to severe adverse events, including a Grade 5 
adverse event related to neurotoxicity and/or CRS likely result-
ing from over-stimulation of T cells arising from the high- 
affinity engagement of CD3.37,38 Therefore, safer off-the shelf 
T cell redirecting therapies targeting CD19 will change the 
course of therapies available for B-NHL.

Approaches to mitigate or manage CRS in current T-BsAb- 
based therapies generally belong to two categories: 1) 
Development of a newer-generation of T-BsAbs that intrinsi-
cally lower cytokine release compared to existing molecules; 
or 2) Mitigation of CRS in the clinic by step-dosing,39 or 
management of CRS with anti-cytokine mAbs and, 
corticosteroids.14,40 While the latter method is the most used 
currently, next-generation T-BsAbs using CD3 binding 
domains optimized for low cytokine release and reduced toxi-
city without compromising efficacy show substantial promise 
in the clinic.41,42

Novel anti-CD3 antibodies or affinity engineering of existing 
anti-CD3 antibodies have been generated by our group and 
others, respectively.16,17,42 While affinity modification of the 
anti-CD3 arm can result in reduced cytokine release,17 it is 
also possible that such engineering can result in unexpected 
immunogenicity or loss of binding specificity due to additional 
mutations introduced in the CDR.43 TNB-486 is a fully human 
bispecific antibody derived from novel humanized rats without 
a need for humanization via CDR grafting. This could reduce 
the immunogenicity risk in humans compared to other rodent- 
derived antibodies that require humanization. The CD3 binding 
moiety in TNB-486 has shown similar activity when combined 
with a BCMA (B cell maturation antigen) binding arm where 
efficient tumor cell lysis is accompanied by minimal cytokine 

Table 4. The PK parameters of TNB-486 is similar to conventional antibodies. The PK parameters of TNB-486 were evaluated in mice or monkeys and the values are 
shown below.

Parameter Units Balb/c mice Cynomolgus monkey

1 mg/kg 10 mg/kg 0.1 mg/kg 1 mg/kg 10 mg/kg

Cmax µg/mL 16.1 183 1.8 16.1 183
Cmax/D (µg/mL)/(µg/kg) 0.0161 0.018 0.018 0.0161 0.018
t1/2 days 11.4 12.9 12 11.4 12.9
AUCinf µg/mL*days 168 1599 13.8 168 1599
AUCinf/D (µg/mL*days)/ (µg/kg) 0.17 0.16 0.14 0.17 0.16
% Extrap % 41.9 41.4 32.6 41.9 41.4
CL mL/day/kg 5.99 6.43 7.41 5.99 6.43
Vss mL/kg 95.6 121 116 95.6 121

Figure 7. TNB-486 pharmacokinetics in mice and cynomolgus monkeys (a) PK 
parameters of TNB-486 was evaluated in normal Balb/c mice at 1 or 10 mg/kg (b) 
PK parameters of TNB-486 was evaluated in cynomolgus monkeys at 0.1, 1 or 
10 mg/kg. Serum concentration of TNB-486 in mice were determined by an IgG4 
specific AlphaLISA kit (mice) or antigen specific ELISA (cynomolgus monkeys).
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release.16 Similar to our BCMAxCD3 molecule, TNB-486 dis-
played efficient tumor cell lysis in multiple experimental for-
mats, but did so while inducing lower levels of the cytokines 
IL-2, IFNγ, IL-6, IL-10 and TNF compared to a PC with 
a higher affinity anti-CD3 arm (Figure 4, 5 and Table 2 and 
Trinklein et al.).16 The ability of TNB-486 to induce in vitro 
TDCC of multiple CD19+ cell lines derived from different 
subtypes of lymphoma cells, namely Burkitt’s lymphoma, 
DLBCL, leukemia, including two cell lines that are refractory 
to chemotherapy (WSU-DLCL2) or rituximab (RI-1), suggests 
that TNB-486 has the potential to treat R/R B-NHL.26,27

Cytotoxicity induced via the perforin-granzyme pathway 
accounts for the majority of T cell-mediated target cell killing 
induced by T-BsAbs.44 Consistent with this mechanism, TNB- 
486 induced the secretion of perforin and granzyme B in vitro, 
confirming the predominant mode of action of TNB-486- 
induced cytotoxicity. Interestingly, release of perforins and 
granzymes is similar between the PC and TNB-486, but cyto-
kine production by TNB-486 is greatly reduced (Figure 5). The 
decoupling of cytokine release from cytotoxicity has been 
described in the context of pMHC-TCR complex formation 
at the T cell and target cell interface.45 Cytotoxic 
T lymphocytes (CTLs) exposed to very low pMHC densities 
result in equivalent target cell cytotoxicity compared to those 
exposed to high pMHC densities, but are unable to induce 
cytokine secretion. This dual activation threshold determines 
the duration and the successful formation of a mature immu-
nological synapse, which is critical for efficient T cell-mediated 
cytokine release, but not for T cell-mediated cytotoxicity.46,47 

Likewise, we believe that low-affinity engagement of CD3 by 
TNB-486 mirrors an immature immunological synapse with 
polarized lytic granule release and cytotoxicity, but is delayed 
in forming a complete synapse or unable to do so, thereby 
resulting in reduced cytokine release. In a previous study, the 
F2B anti-CD3 arm, the F1F anti-CD3 arm (used in PC) and 
clone OKT3, a widely used anti-CD3 antibody clone, were 
evaluated for their ability to bind to CD3ε, CD3δε or CD3γε 
heterodimers. It was shown that the F1F- and F2B-containing 
CD3 binding molecules bind to CD3δε but not CD3γε, 
whereas OKT3 binds to both CD3δε and CD3γε heterodimers. 
Additionally, F1F-containing antibodies can bind cynomolgus 
T cells, whereas F2B-containing antibodies cannot.16 

Therefore, the efficient cytotoxicity combined with low cyto-
kine release appears to be a feature unique to the F2B- 
containing T-BsAbs and is likely due to a combination of the 
low affinity and a potential novel epitope. Studies to fully 
dissect the mechanism of decoupling cytokine release from 
cytotoxicity at a cellular level are underway.

Although CD8+ T cells are known to be the most effective at 
mediating T cell-dependent cytotoxicity owing to their ability 
to store preformed cytolytic granules such as perforin and/or 
granzyme, CD4+ T cells also induce cytotoxicity, albeit in 
a delayed manner.26,36,37 Accordingly, TNB-486-mediated 
lysis occurred by recruitment of both CD4+ and CD8+ T 
cells to a similar extent (Figure 4c), whereas the positive con-
trol induced a higher percentage of lysis when CD8+ T cells 
were used. Along with the potent anti-tumor efficacy and low 
cytokine release, the linear PK and longer in vivo half-life of 
TNB-486 (Figure 7a, 7b and Table 1) could translate to a lower 

frequency and ease of dosing in the clinic compared to blina-
tumomab, which requires continuous IV infusion with a pump 
over multiple days depending on dosing regimen.48

The low magnitude of cytokine release observed in the 
TDCC experiments with TNB-486 differentiates it from other 
T-BsAbs and shows promise as a safer alternative to molecules 
co-targeting CD19 and CD3 that have high rates of CRS in the 
clinic. In addition to the safety issues arising from CRS, there is 
also a higher incidence of neurotoxicity associated with T cell- 
based therapies that target CD19.15,49 Currently, it is unclear 
whether neurotoxicity is attributed to on-target toxicity or to 
damage caused by excessive CRS. Since neurotoxicity is 
observed in patients treated with CAR-Ts and T-BsAbs specific 
for targets such as CD20, CD22, and BCMA,50–53 it appears to 
be more likely that CRS plays a critical role in neurotoxicity. 
There is also considerable evidence that CD19-targeted neuro-
toxicity is driven by hyperinflammation arising from CRS and 
the resulting disruption of the blood-brain barrier.54,55 

Therefore, efforts to mitigate CRS would also indirectly reduce 
incidence of associated neurotoxicity, making TNB-486 an 
attractive candidate for treatment of B cell malignancies. 
Historically, combination therapies have been shown to be 
most effective in cancers. Therefore, safer, and efficacious 
T cell engagers will allow combinations with other existing 
treatments to further improve the B-NHL treatment landscape.

In conclusion, the results shown in this work demonstrate 
that TNB-486 binds CD19 and CD3, resulting in depletion of 
CD19-expressing cells in preclinical models with minimal cyto-
kine release. The low cytokine release profile suggests that 
TNB-486 could have a wider therapeutic window compared 
to other CD19xCD3 T-BsAbs in the clinic or in development. 
In addition, TNB-486 may have a more favorable dosing sche-
dule owing to the longer half-life compared to single-chain 
variable fragment-based T-BsAbs. The anti-tumor efficacy in 
multiple models, low cytokine release, and favorable pharma-
cokinetics together strongly support the testing of TNB-486 in 
clinical trials for the treatment of B cell malignancies.

Materials and methods

Immunizations, next-generation sequencing, clonotype 
analysis and cloning

Methods used for immunization, NGS analysis and cloning were 
previously described in Harris et al.25 Briefly, UniRat™ animals 
were immunized using Titermax/Ribi or Complete Freund’s 
Adjuvant in combination with recombinant protein antigens 
(Antibody Solutions, CA, USA) in a 48-day protocol or genetic 
immunizations (Aldevron and MfD Diagnostics GmbH, 
Freiburg, Germany). For protein immunizations, animals 
received boosts of 10 µg of recombinant protein injected into 
each leg with the appropriate adjuvant. In the case of genetic 
immunizations, gold particles were coated with vectors contain-
ing cDNA of the target antigen, which were subsequently admi-
nistered with a gene gun subcutaneously every 7 days. Plasma 
samples were collected to assess serum titers against the antigen 
by Enzyme-Linked Immunosorbent Assay (ELISA).

After approximately 7 weeks (protein antigen) or 10 weeks 
(DNA antigen) of immunization, total RNA was isolated from the 
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draining lymph nodes of each animal. Ig heavy chain sequences 
were amplified using first-strand cDNA synthesis and 5′ RACE by 
Polymerase Chain Reaction, following methods previously 
described in Harris et al.,25 and then purified by gel extraction.

Next-generation sequencing was completed using the 
MiSeq platform (Illumina) with 2 × 300 paired-end reads. 
Indexing labels were added by primer extension to enable 
multiplexing of samples. Approximately 100,000 paired reads 
covered each sample, and those that showed alignment of less 
than 20 nucleotides to a human Ig locus were discarded. The 
merged forward and reverse reads of VH regions were trans-
lated into open-reading frames. Subsequently, the framework 
and CDR regions were identified using IGBLAST (https:// 
www.ncbi.nlm.nih.gov/igblast/). Agglomerative clustering was 
used to define clonotypes (defined by CDR3 protein sequences 
with at least 80% sequence similarity) within the samples. 
CDR3 clonotypes were ranked by the percent of total reads in 
a sample defined by that clonotype. The clonotypes with the 
greatest abundance were prioritized for high-throughput clon-
ing into an expression vector containing a CH1-deleted human 
IgG1 Fc region. The resulting plasmids were validated by 
Sanger sequencing. Plasmids were transformed into E. coli 
grown in Luria-Bertani (LB) culture media and then purified 
to enable transient transfection of HEK 293 cells in 96-well 
format. After of expression, supernatants containing antibody 
were harvested and clarified by centrifugation.

Tumor cell lines

Nalm6 (catalog# CRL-3273), Raji (catalog# CCL-86), Daudi 
(catalog# CCL-213), Ramos (catalog# CRL-1596), K562 
(catalog# CCL-243), SU-DHL-4 (catalog# CRL-2957) and 
SU-DHL-10 (catalog# CRL-2963) were purchased from 
American Type Culture Collection (ATCC) and maintained 
as per vendor’s instructions. RI-1 (catalog # ACC 585) and 
WSU-DLCL2 (catalog# ACC 575) were purchased from 
DSMZ (German Collection of Microorganisms and Cell 
Cultures GmbH) and maintained as per vendor’s instruc-
tions. All cell lines except K562 were grown in complete 
media containing Roswell Park Memorial Institute (RPMI)- 
1640 + 10% fetal bovine serum (FBS) + 1% PenStrep. K562 
cell line was grown in Iscove’s Modified Dulbecco’s 
Medium+ 10% FBS + 1% PenStrep. All cells were grown 
at 37°C and 8% CO2.

Cell binding by flow cytometry

Clarified supernatants from 96-well transfections containing 
antibodies or purified antibodies were evaluated for cell binding 
by flow cytometry. All washes and dilutions of cells, antibodies, 
and reagents were performed using flow buffer (1X phosphate- 
buffered saline (PBS), 1% bovine serum albumin (BSA), 0.1% 
NaN3, pH 7.4). Staining was performed in a round-bottom 96- 
well plate (Corning) seeded at 100,000 cells/well and all incuba-
tions were performed at 4°C or on ice. CD19+ tumor cells were 
incubated for 30 minutes with pre-diluted test antibodies (- 
curves) or 1:5 diluted HEK 293 supernatants containing anti-
bodies (for primary screens) in a total volume of 50 μL. The cells 
were washed twice with 200 µL flow buffer. The cells were then 

incubated for 30 minutes with detection antibody (Goat F(ab’)2 
Anti-Human IgG-PE, Southern Biotech catalog # 2042–09) at 
a final concentration of 0.625 µg/mL in flow buffer. Following 
two washes, the cells were resuspended in a final volume of 
150 µL of flow buffer. The cells were analyzed on a BD 
FACSCelesta or a Guava easyCyte 8-HT flow cytometer. At 
least 3000 events were collected, and phycoerythrin (PE) geo-
metric mean fluorescence intensity was plotted as a fold over 
background represented by cells incubated with secondary 
detection antibody only.

Expression and purification of CD19xCD3 bispecific 
antibody

TNB-486, PC and NC were expressed in ExpiCHO cells, 
according to manufacturer’s instructions (Thermo Fisher 
Scientific, high titer protocol). Clarified supernatants were 
harvested and affinity purified using CaptureSelect™ CH1-XL 
resin (Thermo Fisher Scientific). Antibodies were further pur-
ified by anion exchange (Q Sepharose Fast Flow, Cytiva ID) to 
remove any product-related impurities. All proteins were ana-
lyzed by size exclusion chromatography-ultra-high perfor-
mance liquid chromatography (SEC-UPLC) and sodium 
dodecyl sulfate Polyacrylamide Gel Electrophoresis to confirm 
their size and purity.

Biophysical characterization (Tm, Tonset)

The thermal denaturation experiment was performed using 
Capillary- Differential scanning calorimetry (DSC). Briefly, 
a temperature ramp of 1°C was performed from 20°C to 120°C 
and a 16 sec filtering period. DSC scans were analyzed using 
MicroCal Origin® software. After subtraction of the respective 
buffer scan, protein scans were normalized against the protein 
concentration. The Tonset (the temperature that immediately pre-
cedes the protein unfolding event), was manually determined. 
Non two-state peak fitting was used to determine the Tm values 
and to calculate the enthalpies for each peak present in the 
normalized scans.

Thermal stress and stability characterization

TNB-486 was concentrated to 10 mg/mL in 20 mM citrate and 
0.1 M NaCl pH 6.2. Presence of high molecular weight species 
(%HMW) was determined by SEC-UPLC before and after 
temperature stress (1 month at 37°C).

Quantification of CD19 expression

To estimate antibodies bound per cell (ABC), cell lines were 
stained at a saturating concentration of commercially avail-
able PE-labeled anti-CD19 antibody and tested via flow cyto-
metry using BD Quantibrite beads as per manufacturer’s 
instructions (BD catalog # 340495). Briefly, a PE-labeled 
CD19 antibody (BioLegend, clone HIB19) was used to estab-
lish saturating dose curves on the indicated cells. To generate 
the calibration curve, the BD Quantibrite calibration beads 
were also run on the flow cytometer, using the same settings 
used to acquire the cells. A standard curve was obtained by 
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plotting log (Molecules of Equivalent Soluble Fluorochrome) 
vs log (Mean Fluorescent Intensity) of the beads. Using the 
dose-dependent mean fluorescent intensity values for the 
antibody and the linear regression equation obtained from 
the Quantibrite PE beads, the number of PE-conjugated anti-
bodies bound to each cell, ABC was determined by extrapola-
tion of the standard curve. Estimated antigen density (or 
CD19 molecules per cell) was obtained by multiplying ABC 
values by 2.56

Calculation of cell surface affinity by Scatchard plot

Cell surface affinity of TNB-486 to human CD19 was assessed 
using an ALL cell line expressing human CD19 (Nalm6). 
Antibodies bound per cell was determined as described earlier 
using Alexa Fluor 488-labeled TNB-486 (Alexa Fluor labeling 
kit by Thermo Fisher Scientific), and Bangs Lab Quantum™ 
Alexa Fluor® 488 was used for generating the standard curve. 
To calculate affinity of the molecule (KD), antibodies bound per 
cell was determined and used to further calculate free TNB-486 
concentration using the formula:  
StartingTNB � 486½ � � BoundTNB � 486½ � ¼ FreeTNB � 486½ �:

Isolation of PBMCs

PBMCs were isolated from peripheral blood leukapheresis 
pack (StemCell Technologies) using standard Ficoll-Paque 
PLUS reagent (GE healthcare) as per manufacturer’s instruc-
tions. PBMCs were cryopreserved in CryoStor® freezing media 
(StemCell Technologies) in liquid nitrogen tanks until required 
for further analysis.

For isolation of T cell subsets of B cells, PBMCs isolated by the 
Ficoll-Paque method described earlier were removed from liquid 
nitrogen storage and thawed in a bead bath set at 37°C. The cells 
were transferred dropwise into a 50 mL conical centrifuge tube 
containing culture media (RPMI-1640 + 10% FBS+ 1% PenStrep) 
and recovered by centrifugation at 500 x g for 10 minutes at room 
temperature. The PBMCs were then resuspended in culture med-
ium (RPMI-1640 + 10% FBS + 1% PenStrep) and proceeded for 
T cell isolation either immediately or after resting overnight at 37° 
C in a CO2 buffered incubator. CD3+ T cells were isolated by 
negative selection using the Pan T cell isolation kit (Miltenyi) as 
per manufacturer’s protocol. CD4+ or CD8+ subsets were isolated 
from pan T cells by negative selection microbeads for CD8+ or 
CD4+, respectively. B cells were isolated form thawed and/or 
rested PBMCs using the Pan B cell isolation kit (Miltenyi). For 
some ex vivo sample cytotoxicity assays, the B-CLL cell isolation 
kit was used (Miltenyi) as per manufacturer’s protocol.

In vitro cytotoxicity assays

TDCC was determined by flow cytometric analysis of live CD20- 
positive tumor cells after 48 hours of co-culture with Pan T cells 
(Effector:Target is 5:1). After incubation, the supernatant was 
aliquoted into 96-well plates and stored at −80°C until needed 
for cytokine analysis by MesoScale Discovery (MSD). The cells 
were stained with Near Infrared(IR) Live/Dead marker (Thermo 
Fisher Scientific, 1:1000) and/or with human TrueStain Fc block 
(BioLegend, 1:20) followed by staining for different lineage 

markers with fluorescently labeled antibodies (BioLegend, anti- 
CD20 (clone 2H7), anti-CD8a (clone RPA-T8) and anti-CD4 
(clone OKT4), 5 ul/test). After incubation, cells were washed 
with flow buffer (1X PBS + 1% BSA + 0.1% NaN3) and resus-
pended at 1.00E+06 cells/mL in flow buffer. Equal volume of 
CountBright absolute counting beads (Invitrogen) was added to 
each well for uniform sample acquisition on a BD FACSCelesta 
flow cytometer. FlowJoTM version 10.6 was used for data analysis. 
To determine the percent of specific lysis of CD19+ B cells in 
normal cells, previously frozen PBMCs were thawed and incu-
bated with serially diluted test antibodies without adjusting the E:T 
ratio. The averaged count of live CD20-positive tumor cells from 
the wells without antibody was used to set the background value. 
The percent of specific lysis was calculated as follows: percent 
specific lysis = (live target cell number without BsAb − live target 
cell number with BsAb)/(live target cell number without BsAb) × 
100. To measure CD19+ B cell lysis over a time course of 24, 48, 72 
and 96 hours, isolated pan T cells were used as effector cells and 
isolated B cells from the same donor were used as target cells at a E: 
T ratio of 10:1 and incubated with serially diluted test antibodies. 
The averaged count of live CD20-positive tumor cells from the 
wells without antibody was used to set the background value. 
The percent of specific lysis was calculated as described above.

Ex vivo cytotoxicity assay

The ability of TNB-486 to kill CD19+ tumor cells from CLL or 
DLBCL patient-derived samples (Discovery Life Sciences and IQ 
Biosciences) was determined by flow cytometric analysis of live 
CD20-positive cells after incubation for 24 or 48 hours in culture 
media. Cytotoxicity of TNB-486 is measured at 200 nM and the 
effector:target cell ratio was either set to 10:1 or left unchanged. 
The cells were stained with Near IR Live/Dead marker (Thermo 
Fisher Scientific, 1:1000) and with human TruStain Fc block 
(BioLegend, 1:20) followed by staining for different lineage mar-
kers with fluorescently labeled antibodies (BioLegend, anti- 
CD20 (clone 2H7), anti-CD8a (clone RPA-T8) and anti-CD4 
(clone OKT4)). After incubation, cells were washed with flow 
buffer (1X PBS + 1% BSA + 0.1% NaN3) and resuspended in 
100 µL flow buffer. Samples were acquired on BD FACSCelesta 
flow cytometer and analyzed using FlowJoTM version 10.6.

Measurement of cytokines

Measurement of cytokines from the supernatant of in vitro 
TDCC assays or from serum of cynomolgus monkeys in the 
PK study was performed with the MSD U-plex platform. The 
preparation of standards and samples were performed as per 
manufacturer’s instructions (MSD U-plex platform, cat# 
K15067L-4 and K15068L-2) and analyzed on a Meso 
Quickplex SQ 120 instrument.

Measurement of cytotoxic granules

Measurement of granzyme B and perforin from the supernatant 
of samples and preparation of standards were performed as per 
manufacturers’ instructions (Invitrogen, Cat#BMS2027 and Cell 
Sciences Cat# CDK102A, respectively). The day prior to measur-
ing perforin, the capture antibody was prepared in 1X PBS and 
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100 µL was seeded into each well of a Nunc flat-bottom 96-well 
plate (Invitrogen), covered with adhesive and stored at 4°C. All 
other reagents are provided in the kits inclusive of substrate 
solution and stop solution. The absorbance was read at 450 nm 
as the primary wavelength and 620 nm as the reference wave-
length on a SpectraMax i3X plate reader (Molecular Devices).

Activation and proliferation of T cells

To measure activation of CD4+ and CD8+ T cells, isolated Pan 
T cells were incubated with diffuse large B cell lymphoma cells, RI-1 
(E:T is 10:1), in the presence of TNB-486, positive control or 
negative control antibodies for 20 hours at 37°C and 8% CO2. 
After incubation, cells were stained with fluorescently labeled anti-
bodies for CD8 (clone RPA-T8), CD4 (clone OKT4) and CD69 
(clone FN50). To determine activation of T cells, the percent 
increase in CD69-positive population was measured by flow cyto-
metry. Proliferation assay setup is similar except the isolated T cells 
were first labeled with 2 µM CFSE dye (Invitrogen) before co- 
culturing with RI-1 cells and test articles for 5 days. Proliferation 
was determined by calculating the %CFSE positive proliferating 
CD8+ and CD4+ T cells by BD FACSCelesta flow cytometer.

In vivo efficacy studies

Disseminated mouse xenograft efficacy study
Each immune-compromised female Central Institute for 
Experimental Animals- NOG (NOD.Cg-Prkdcscid 
IL2rgtm1Sug/JicTac) (CIEA-NOG) mouse (4–5 weeks, Taconic 
Biosciences) was injected IV via tail vein with 1 × 106 Raji-luc cells 
(Aragen Biosciences Inc). On day six post-implantation (pi), each 
mouse was adoptively transferred IV with 1 × 107 PBMCs from 
a single donor (StemCell Technologies). On day seven, the mice 
were randomized into six treatment groups or one control group 
that received equivalent volume of the vehicle. All six treatment 
groups contained 5 animals each and each animal received the 
following dose per injection: 1) 10 µg NC, 2) 10 ng PC, 3) 10 ng 
TNB-486. 4) 100 ng TNB-486, 5) 1 µg TNB-486, or 6) 10 µg TNB- 
486.Test article (TNB-486, PC or NC) was injected every 5 days 
(Q5D) on days 6, 11 and 16 in the respective groups and at 
respective doses. Bioluminescent imaging and body weight mea-
surements were determined every 3 days for 3 weeks.

Subcutaneous mouse xenograft efficacy studies
CIEA-NOG mice (5–7 weeks, Taconic Biosciences) were sub-
cutaneously injected with 10 × 106 SU-DHL-10 or Nalm-6 with 
50% Matrigel in lower right flank. When tumor volume 
reached 200 mm3, the mice were randomized into seven 
groups. Group one did not receive any PBMCs or drug treat-
ment (group 1 – vehicle only). Groups 2–7 were adoptively 
transferred IV with 1 × 107 PBMCs (StemCell Technologies) 
from a single donor. One day after PBMC injection, test article 
or vehicle was injected into each animal in groups 2–7 as 
follows: 2) vehicle, 3) 100 µg NC, 4) 1 µg TNB-486, 5) 10 µg 
TNB-486, 6) 100 µg TNB-486, or 7) 100 µg PC. Test article or 
vehicle was injected every 4 days in the respective groups and at 
respective doses for a total of 6 treatments. Twice per week, the 
length and width of each tumor were measured with digital 
calipers in two perpendicular dimensions, and the tumor 

volume was calculated using this formula: (width2 × length)/ 
2. Clinical signs and body weight were also assessed twice per 
week. The murine studies were performed in accordance with 
protocols approved by the Aragen Bioscience’s Institutional 
Animal Care and Use Committee (IACUC).

Mouse PK evaluation

The PK of TNB-486 was evaluated in BALB/c mice. 18 male 
BALB/c mice were administered a single tail vein injection of 1 
or 10 mg/kg of TNB-486 (n = 3/group * 6 groups). Serum samples 
were collected for 14 days post-dose at set times ranging from 
30 minutes to 14 days. Serum TNB-486 concentrations were 
measured by Perkin Elmer’s Human Immunoglobulin 
G subclass 4 Pharmacokinetic Kit (Cat# AL304 C) as per manu-
facturer’s instructions. PK parameters were estimated using 
Phoenix WinNonlin version 7.0 software (Pharsight Corp). 
2-compartmental analysis was used to determine the PK of 
TNB-486 at each dose level.

Cynomolgus PK evaluation

The PK of TNB-486 was evaluated in nine female cynomolgus 
monkeys following a single IV bolus dose of 0.1, 1 or 10 mg/kg 
dose (Altasciences Preclinical Seattle LLC). Serum samples were 
collected for 21 days post-dose at set times ranging from 30 min-
utes to 21 days. Serum TNB-486 concentrations were measured 
by an antigen-based ELISA. 3 µg/mL of recombinant huCD19- 
His (Acro Biosystems Cat# CD9-H52H2) was coated onto a 96- 
well, Nunc MaxiSorp™ flat-bottom plate (Thermo Fisher 
Scientific, Cat# 44–2404-21). Plates were sealed and incubated 
overnight at 4°C, protected from light. After overnight incubation, 
plates were washed 3 times with 180 µL of wash buffer (Tris- 
Buffered Saline + 0.05% tween20). Wash supernatant was 
removed completely after the final wash step, and 200 µL of 
assay buffer (wash buffer + 1% milk w/v) was added as 
a blocking reagent. Plates were sealed and then incubated at 
room temperature for 1 hour and subsequently washed 6 times 
with 180 µL of wash buffer. After washing, 100 µL of reference 
standard or sample analytes diluted in assay buffer were added to 
each well and incubated at room temperature for 2 hours. After 
another wash cycle with 9 washes, 100 µL of 1 µg/mL of an anti- 
idiotypic antibody against anti-CD3 of TNB-486 
(CD3_F2B_antiID, generated by Teneobio) was added and incu-
bated for 30 minutes at room temperature. Following 9 washes, 
100 µL of 1:5000 diluted mouse anti-Rat IgG2a-HRP was added as 
a detection reagent (Southern Biotech Cat# 3065–05) and was 
incubated for 15–20 minutes at room temperature. Following this 
incubation and a wash cycle with 9 washes, 100 µL of Ultra 
3,3′,5,5′-Tetramethylbenzidine (TMB) ELISA Substrate (Thermo 
Fisher Scientific cat# 34028) was added until a blue color devel-
oped (1–2 minutes). 100 µL of 2 N sulfuric acid was added to stop 
the reaction prior to absorbance measurements on a plate reader 
(SpectraMax i3X, Molecular Devices). The concentration of TNB- 
486 in the samples are directly proportional to absorbance values 
at 450 nm and were interpolated from a four-parameter logistic 
curve fit of the standard curve. PK parameters were estimated 
using Phoenix WinNonlin version 7.0 software (Pharsight Corp). 
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2-compartmental analysis was used to determine the PK of TNB- 
486 at each dose level.
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