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Abstract Results

HulB7 and HullE6 Function Synergistically to Neutralize PTx The Antibody Combination Effectively Treated Pertussis in Baboons ° Monoclonal antibodies 1B7 ‘and 11E6 potently and
synergistically neutralize pertussis toxin.

Objectives: Pertussis remains a significant public health problem in spite of near-universal vaccination

and continues to kill up to 300,000 children annually. Antibiotic therapy is often ineffective, presumably HulB7 and hullE6 were evaluated for PTx neutralization via the CHO cell assay. Each was  Seven weanling baboons were inoculated with B. pertussis [6-8]. Three days later, after the WBC
due to toxins produced by the Bordetella pertussis bacterium. Pertussis toxin (PTX) is recognized as a d : . d vel | .. lobuli : P had b . f imal ived IV iniecti f ktail of hulB7 d hullE6
major virulence factor due to its abilities to impede the innate immune response and induce severe compared to Its murine c_ounterpart and to a pO yClona pertusss |mmu_nog 0] um preparatlon ( - counts ha egun to rise, tour _anlmas receive . |njecthns OT a cocktall o _u an u e Humanization of each antibodv was achieved without loss of
leukocytosis. Here we developed a cocktail of humanized monoclonal antibodies designed to potently IVIG) that was used previously as a therapeutic for pertussis treatment in US clinical trials [3-5]. (20 mg/kg of each). Leukocytosis, nasal B. pertussis bacterial levels, and coughing were followed. o _ e y
neutralize PTx. Study objectives were to characterize the antibodies in vitro and to demonstrate affinity or functional activity.
effica_cy in b_oth small apd large a_nimal models. The antipody cc_)ckta_il is being developed as a therapy CHO Cell Assay Comparing Human CHO Cell Assay Comparing Individual Leukocytosis Nasal B. pertussis Levels Cough Counts
for critically ill infants with pertussis as well as a prophylaxis for high-risk newborns. to Murine Antibodies and to P-IVIG Antibodies to Combinations ° Prophylactic administration in mice with hulB7 and hullESs,
Methods: Two previously described PTx-binding monoclonal antibodies, 11E6 and 1B7 [1], were 10064 80 B LA =« Control individually or in combination, completely blocked
hur_ngnized. _11E6 ir_lhibits _the j(OXin’S interaction_ W?th its receptor while lB7.b|0(‘ka the tO).(in’S enzymat_ic P o 100 Euﬂ f’h*'\+. 7. ¥ \ -'lir-.._‘i|I I_1E:IEI l -@+ Light colonization |eukocytosi5, enabled the mice to gain Weight’ and diminished
activity by interfering Wlth intracellular _trafﬁcklng. Thus, t_hese an_tlboglles_ inactivate PTx__\/la 180 - | | _ S 1. -...+__+ = 6 Ny N ; an HP'[ ="= Heavy colonization pulmonary bacterial loads.
complementary mechanisms. Characterization of the humanized antibodies included competition S 160 - S S 10 _ l ~ S 9 NG \ 4
ELISA, surface plasmon resonance analysis, and CHO cell-based functional assays compared to their ‘_§ 140 - I - i 'ii"li-" u‘ = 4 + § \ g, B0
murine precursors. Prophylactic and therapeutic efficacy of the antibody cocktail was evaluated in S120 £ EW/ 3. -l\l ] , 3 3 \E 8 * Therapeutic administration of a cocktail of the two antibodies
i i o | 2 : L Y e , —— " : : . . :
murine and baboon models, respectively. i 1:2 : E 10 L0 e N f ) : " \..i-+.?¢++ . in baboons rapidly reversed the rise in white blood cell count
E E g b= . : . .
Results: Extensive in vitro analyses demonstrated no changes to binding affinity and PTx % 60 5 ¢— v gy g .I’:i_";- T and acclerated clearance of the B. pertussis bacteria.
neutralization compared to the parental murine antibodies. Functional analyses utilizing the CHO cell X a0 5 0 EIFJ "IE:E I-:ﬁll 0 B o t 5[! mﬂﬂ :15“ U 0 2 L'* :"it ﬁ ) 0 12 1
o : : L i o : : = = ays after challenge ays after challenge avs after challenge .
assay verified that the two_ antl_bod!es_b_ehaved syr_lerglstlcglly._ B. pertusss mfeqted mice treate_d with 5 50 8 ¥ 9 e The data suggest that hulB7 and hullE6 have therapeutlc
the hullE6 and hulB7 antibodies, individually and in combination, displayed continued weight gain and 01 . C. -
diminished lung bacteria levels. Antibody treatment completely eliminated the rise in white blood cell - v v v v | o | | | potential to diminish morbidity, long-term sequelae, and
counts characteristic of disease. Notably, these effects were more pronounced than those conferred by ,3;\ ,39 ,3,‘5 ,3,‘5 ,3,"0 The treated animals were stratified into heavily and lightly colonized groups. Please refer to Poster EV1030. The mortality in critically ill infants with pertussis.
a high-titer polyclonal antibody preparation, P-IVIG, previously tested in humans [3-5]. Seven weanling AV © vgs\" vg,o" vg,o" < lightly colonized animals (#113 and #115) may have been partially protected from B. pertussis via prior exposure to
baboons were infected with 8 x10° CFU of B. pertussis and four were treated on day 3 with both \,(:3’ A Q,g?\ Q,g?\ Q,gé\ another Bordetella species, whereas the heavily colonized animals (#129 and #159) were naive for Bordetella. _ _
hullE6 and hulB7 (20 mg/kg of each IV). The untreated animals displayed severe leukocytosis and N o O R * The data also suggest the potential for prophylactic use at

In all treated animals, infusion of the antibody cocktail rapidly reversed the rise in white blood cell birth, particularly in the developing world, to save thousands
of lives annually.

one became moribund. In contrast, antibody treatment reversed the rise in white blood cell counts and - - o - - - L - :
hastened the clearance of B. pertussis bacteria from the nasopharynx. The antibody half-life was 11+/- The biological activity of the humanized antibodies was similar to that of their murine counterparts counts, which then returned to normal. Antibody treatment also accelerated removal of B.

4 days. and was more potent at neutralizing PTx than the polyclonal P-IVIG preparation. When used in pertussis from the nasopharynx of those animals that were heavily colonized. While all infected

. . . . . - _ o cgmbmaﬂ_on,_hulB? and hu_11E6 displayed greater potency than each individual e_mtlbody. The animals coughed, the coughing rate was variable. Antibody treatment resulted in a rapid
Conclusions: A binary antibody cocktail functioned synergistically to neutralize PTx, was protective in 1:1 combination was approximately 3.5-fold more potent than hulB7 alone and twice as potent . t of th bouts of hi 30/h dav 3 : d by the heavil Referen Ces
mice, and demonstrated therapeutic efficacy in a newly developed, clinically relevant pertussis baboon as hullE6 alone. improvement of the severe bouts of coughing ( r on day 3) experienced by the heavily

model. This antibody cocktail is expected to improve outcomes in critically ill newborns. Finally, colonized experimental group.
administration at birth to high-risk newborns in the developing world is anticipated to provide : : ! : : . . . : TSR :
orophylaxis through the first few months, when the likelihood of pertussis.mediated fatality is greatest. HulB7 and HullE6 Protected Mice from Pertussis Infection Half-Life Analyses of the Humanized Antibodies in Baboons 1. :r?ttl‘éo '(;'i’e Z‘”;g;ﬁgp\grtéigiot)éxizmtec“"e activities in mice of monoclonal

Mice were treated with the antibodies (20 ug total dose) via IP injection 2 hrs prior to infection  To assess the half-life of the humanized antibody cocktail, anti-PTx antibodies were monitored for 2. Sutherland, JN, Maynard, JA. (2009). Characterization of a key
Methods with B. pertussis. Leukocytes, body weight, and bacterial colonization of the lungs were  three weeks, by which time the endogenous immune response to infection became apparent. neutralizing epitope on pertussis toxin recognized by the monoclonal
evaluated 10 days later. Data from two representative animals is shown below. antibody, 1B7. Biochemistry 48:11982-11993.

3. Granstrom, M, Olinder-Nielsen, AM, Holmblad, P, Mark, A, Hanngren, K.

Two previously described PTx-binding monoclonal antibodies, 1B7 and 11E6 [1], Leukocytosis Body Weight Lung Colonization Serum Antibody Levels Beta Half-Life (1991). Specific immunoglobulin for treatment of whooping cough. Lancet
were humanized. Biological activity was assessed via the CHO cell clustering assay o oo ol * ) . 338(8777): 1230-1233. -
[2]. Antibody was serially diluted from 50 nM to 1.5 pM in the presence of 5 pM PTx S asamco I & i L * T z: 4. Bruss, JB, Malley, R, Halperin, S, Dobson, S, Dhalla, M, Mclver, J, and
in a 96 well plate and 2x10* CHO cells/well were added. Plates were incubated at 3 o . g 30 T . =) o e g 123 0 129 Siber, GR. (1999). Treatment of severe pertussis: a study of the safety
37°C for 20 hrs and clustering was scored. =z s B f’g ) ‘5 o | 159 06 159 and pharmacology of intravenous pertussis immunoglobulin. Pediatr Infect
A . Z 10 i L S - I 3 x No Ab gﬂ-ﬁ Dis J 18(6): 505-511.
The D420 B. pertussis strain had been isolated from a critically ill infant. C57BL/6 3 o | o . : . S T :2 —it 5. Halperin, SA, Vaudry, W, Boucher, FD, Mackintosh, K, Waggener, TB,
mice were injected IP with 20 ug of hulB7, hullE6, a combination of hulB7 and S EF L& o S F & e S © : [ 0 —— Smith, B. Is pertussis immune globulin efficacious for the treatment of
hullE6 (10 ug of each antibody), or P-IVIG two hrs prior to inoculation with 5x108 cfu T ST I ~c~°ﬂx~c~° ] < AN S ] f ~ ., e — error hospitalized infants with pertussis? No answer yet. Pediatr Infect Dis J 26,
of D420 via the external nares. CD45+ WBC, body weight, and D420 lung \Qﬁ & & i, S s 79-81 (2007).
colonization were quantified 10 days later. roos; “Peoni “Pesooivares | e ——— - 6. Warfel, JM., Beren, J, Kelly, VK, Lee, G, and Merkel, TJ. (2012).
—— = === Time (hv) "Nonhuman primate model of pertussis." Infect Immun 80(4): 1530-1536.
Weanling baboons were exposed to 4x10° cfu of B. pertussis D420 intra-tracheally When_ given ind_ividually and in _combination, hulB7 and hull_EQ protected r_nice_ from_ B. pertussis - | | | 7. Warfel, JM, Papin JF, Wolf, RE, Z@mmerman, LI, and Merkel, TJ. (2014).
followed by infusion of 2x10° cfu into each nostril. On day 3 after infection, a cocktail infection. Most |m_pqrtantly, _antlbody treatment _completely_ellmlnated the_: rise in Whlte blo.od cell A tw_o-phase ellmlnatlgn proflle was observed with a pgta phase half-life of 11+{-4 days. The I\/Iaternql _and _neonatal vaccination protects newborn baboons from
of hulB7 and hullE6 was infused intravenously at a dose of 20 mg/kg of each (40 counts characteristic of disease. Treated mice also displayed continued weight gain and predicted longer half-life in humans suggests that an injection of monoclonal antibody at birth pertussis infection. J. Infect. Dis. 210:604-610. -
mg/kg total). Leukocytosis, nasopharyngeal B. pertussis loads, and coughing were d!mlnl_shed pulmonary bapterla Ieyels. The mo_noclonal antlbodle_s were more protective than the cquld potentially protect newborn_s for severql months, the.hlgh risk pe.rlod for fatall pertussis. 8. Warfel, JM, Zlmmermlan, af?d Merkel, TJ.‘I (2014). Acellglar pertussis
followed. Serum samples were assayed for anti-PTx antibody titers to assess hlgh-tlter P-IVIG preparation previously tes_ted in humans [3-5]. Finally, the 20 ug dose chosen for Since up to 300,000 newborns die annually in the developing world, this prophylactic strategy vaccines protect against disease but fail to prev.ent infection and
this study was too high to demonstrate antibody synergy. could address a significant unmet medical need. transmission in a nonhuman primate model. PNAS 111:787-792.
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