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Screening of full human anthrax lethal factor neutralizing
antibody in transgenic mice
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Changming Yu
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Abstract: Anthrax is a highly lethal infectious disease caused by the spore-forming bacterium Bacillus anthracis. The
major virulence factor of B. anthracis consists of protective antigen (PA), lethal factor (LF) and edema factor (EF). PA
binds with LF to form lethal toxin (LT), and PA binds with EF to form edema toxin (ET). Antibiotics is hard to work in
advanced anthrax infections, because injuries and deaths of the infected are mainly caused by lethal toxin (LT). Thus, the
therapeutic neutralizing antibody is the most effective treatment of anthrax. Currently most of the anthrax toxin antibodies
are monoclonal antibodies (MAbs) for PA and US FDA has approved ABTHRAX humanized PA monoclonal antibody for
the treatment of inhalational anthrax. Once B. anthracis was artificially reconstructed or PA had mutations within
recognized neutralization epitopes, anti-PA MAbs would no longer be effective. Therefore, anti-LF MADbs is an important
supplement for anthrax treatment. Most of the anti-LF antibodies are murine or chimeric antibodies. By contrast, fully
human MAbs can avoid the high immunogenicity of murine antibodies. First, we used LF to immunize the transgenic mice
and used fluorescent cell sorting to get antigen-specific memory B cells from transgenic mice spleen lymphocytes. By
single cell PCR method, we quickly found two strains of anti-LF MAbs with binding activity, 1D7 and 2B9. Transiently
transfected Expi 293F cells to obtain MAbs protein after purification. Both 1D7 and 2B9 efficiently neutralized LT in vitro,
and had good synergistic effect when mixed with anti-PA MAbs. In summary, combining the advantages of transgenic
mice, fluorescent cell sorting and single-cell PCR methods, this study shows new ideas and methods for the rapid screening

of fully human monoclonal antibodies.

Keywords: anthrax lethal factor, transgenic mice, fluorescent cell sorting, memory B cells, single cell PCR, fully human
MAbs
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Fig. 2 Cytotoxicity of LF. J774 macrophages were
incubated with 50 ng/mL PA and LF concentration
were titrated 1:2 from 20 ng/mL.
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Fig. 3 Serum antibody titers comparison at different

time points. Mice were immunized with LF on day 0,

14 and 28. The horizontal axis represents the blood

sampling time. Normal: C57BL/6 mice; Trans:

transgenic mice.
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Fig. 4 MTT cell viability assay to measure protective

ability of 6-week sera on J774 macrophage cells

against LeTx. LF: transgenic mice immunized with LF;
Pre: preimmune transgenic mice.
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*1 2 LF SRS
Table 1 Characteristics of the 2 LF-specific human monoclonal antibodies
Clone VH* JH DH* HCDR3‘ VL® JLf LCDR3®

1D7 HV3-30-3 HJ5 HD6-13 CARGRMAAAGSLYNWFDPW  KV4-1 KJ1 CQQYYSTPRTF

2B9 HV3-30-3 HJ5 HD6-13 CARGRMAAAGGLYNWFDPW  KV4-1 KJ1 CQQYYSIPQTF
a: H-chain V-region gene usage; b: H-chain J-region gene usage; c: H-chain D-region gene usage; d: amino acid sequence of the
heavy-chain third complementarity-determining region; e: L-chain V-region gene usage; f: L-chain J-region gene usage; g: amino
acid sequence of the light-chain third complementarity-determining region.

ELISA LF 1200 o 1p7
80 A Toxin only
SPR & v Media only
60
(2 £
£ 40
(TNA) LF >
20
( 6) 1D7 2B9 1Cso
Or A
11.97 pg/mL 4991 pg/mL 1D7 2B9 ol i 10 160
AD concentration (ug/mL)
3.5 6 TNAENE LF Bk pRE S
30} o 1D7 Fig. 6 Protective efficacy of LF-specific MAbs by
251 =2B9 TNA. In vitro cytotoxicity assay to measure
2 5 0' MAb-mediated toxin protection. J774 macrophages
N were incubated with 50 ng/mL PA and 20 ng/mL LF
C 15 with or without MAbs at various concentrations. Cells
1.0 were incubated with toxin alone or toxin-free medium
0.5 as negative and positive controls, respectively, for
10 1 0.1 0.01 0.001

ADb concentration (pg/mL)

5 ELISA JIE LF 855 b A 8 2.4 LFHFNEBERS PA R0t BT E

b
Fig. 5 Relative binding capacity of IgG MAbs to LF TER# R
as determined by ELISA. The ELISA plate was coated 50 ng/mL PA 20 ng/mL LF
with 2 pg/mL LF, and MAbs concentration were titrated
112 from 100 pg/mL. PA 2A6 1Cso 0.05 pg/mL
1D7 2B9
NE A 4 e il ==

*2 WK L.F .Alﬁi&‘):b:.]’f.*ﬂj]/)\]m 3 2A6 TNA
Table 2 Binding affinities of the 2 LF-specific
human monoclonal antibodies 7 (FIC

MAb Ka (1/Ms) Kd (1/s) KD (M) index) ( 3 FIC<1

1D7 6.44¢e4 6.75¢e-3 1.05e7 FIC=1 1<FIC<2

2.B9. .1.35e4 5.39e.-3 _ 3.98¢e7 FIC>2
Ka: binding affinity constant; Kd: dissociation constant;
KD: equilibrium constant. ID7 2A6 FIC 0.67 2B9 2A6
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Fig. 7 Combinatory effects of protective MAbs in TNA. (A) Cell survival assay of 1D7 and 2A6 in combination. Cells
were incubated with 50 ng/mL PA and 20 ng/mL LF and 0.05 pg/mL of the 2A6 MAD and titrated 1:2 with the 1D7
starting with 100 pg/mL. (B) Cell survival assay of 2B9 and 2A6 in combination. Cells were incubated with 50 ng/mL PA
and 20 ng/mL LF and 0.05 pg/mL of the 2A6 MAD and titrated 1:2 with the 2B9 starting with 100 pg/mL. (C) Cell
survival assay of 1D7 and 2A6 in combination. Cells were incubated with 50 ng/mL PA and 20 ng/mL LF and 10 pg/mL of
the 1D7 MAD and titrated 1:2 with the 2A6 starting with 1 pg/mL. (D) Cell survival assay of 2B9 and 2A6 in combination.
Cells were incubated with 50 ng/mL PA and 20 ng/mL LF and 40 pg/mL of the 2B9 MAD and titrated 1:2 with the 2A6

starting with 1 pg/mL.

#* 3 SRS ERA FIC 85

Table 3 FIC indices for multiple Mab interactions

Survival (%) AD concn (pug/mL)
MAD(s)* Maximum Minimum 50% for 50% survival FIC® FIC index®

A1D7 92.02 0.03 46.02 9.06

A2A6 117.35 0.06 58.71 0.13

A1D7+2A6 103.89 32.85 68.37 1.93 0.21

A2A6+1D7 131.63 1.83 66.73 0.06 0.46 0.67
A2B9 105.09 0.06 52.57 51.83

A2A6 117.35 0.06 58.71 0.13

A2B9+2A6 112.62 11.32 61.97 18.02 0.35

A2A6+2B9 115.67 1.21 58.44 0.05 0.38 0.73

a: MAbs preceded by a Greek capital delta (A\) are “variable antibodies,” i.e., used at various concentrations (see Fig. 7); b: FIC was
calculated as follows: Ab concentration of the variable antibody A that yields 50% of maximum cell survival when in combination
with a constant concentration of antibody B divided by the Ab concentration at 50% of maximum cell survival with antibody A alone;
c: the FIC index was defined as the sum of the FICs for each antibody pair. An interaction is defined as synergistic at an FIC index of

<1, additive at an FIC index of 1, indifferent at an FIC index between 1 and 2, and antagonistic at an FIC index of >2.
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