Evaluation of Mechanisms of Paroxysm in Paroxysmal Nocturnal

-
Hemoglobinuria: “Bystander Hemolysis” vs. Perturbation of Soluble Regulators “g)
-\

Mingjun Huang?, Jane A. Thanassit, Manuel Galvan!, Guangwei Yang?!, Xuan Yuan?, Yongsen Zhao?, Dharaben Patel?, Joanne Fabrycki!, Amanda Luu?!, Wengang Yang!, ,
Steven D. Podos?, Joel Barrish! and Robert Brodsky? ACH I LLI N
LAchillion Pharmaceuticals, Inc., New Haven, United States

’Division of Hematology, Department of Medicine, Johns Hopkins University School of Medicine, Baltimore, MD

RESULTS

BACKGROUND

*  The complement system is an enzymatic cascade of more than 30 Fis 1 Model of complement activation Table 1: PNH patient hematologic characteristics Bystander Hemolysis Induced by Yeast Does Not Occur under
proteins that is activated. via the classical pathway (CP).,-Iectin on PNH erythrocytes and pathogens | | e PhyS|oIog|caI Serum Conditions or When Direct Contact between
pathway (LP), or alternative pathway (AP) upon recognition of Patient| Age, |Blood Ervthrocyte Granuloc.vte LDH |Hemoglobin Direct | Direct faleEie Sl of Yeast and PNH Erythrocytes Is Prevented
molecular patterns that are present on the surface of pathogens. _ D |Gender| tvoe | SlON€size | Clonesize w/ul  (g/dL) Coombs Coombs| ~ . (K/cu Eculizumab , , , , _ , , ,

Classical YPE o 11711 (% % & c3 1eG TR Fig. 7 Co-incubation of PNH erythrocytes with varying serum concentrations and varying yeast input (CFU)
. . o ype II/111 (%) (%) g

* Activation of complement leads to the generation of biologically Pathway mm)
active fragments that play a critical role in host defense. 3.1/88 99 293 9.8 Pos Neg 283.3 3/2011 | I
Complement fragments opsonize pathogens, recruit and activate 1/98 29 301 113 Pos  Neg 311.7 8/2005 o, 15 - o, 150 -
inflammatory cells at the site of complement activation and act as ;;; ig g; 2201105 181'85 Ejﬁ :;2 ;ggg 2/57:4 g 125 B o enst (510 CrU g 125 B Nt vonst (500 P

. . i i 02) 1004 o= +Yeas .02) 1004 o +Yeas j
tEe nldeS fOFf assimbly of the |ytIC membrane attack complex on Alternative PNH blood samples obtained following informed consent. N/A: not available; Pos: positive; Neg: negative % e % e Bl NHs+VYeast (5x10* CFU)
the surface of pathogens. © 75 o
¢ C | . . . I di g hvsiological ey . . . . . g 50- g 50- CFU: Colony Formation Unit
omplement - activation s a  well-coordinated ~ physiologica cs Activation of Complement by Bacteria Leads to Bacterial Lysis 2 s . NHS: normal human serun
response that is highly regulated by various fluid-phase as well as Tickjver or Opsonization “3’ %’ . m HINHS: heat inactivated NHS
brane-bound regulatory proteins to prevent host tissue C3(H,0) P ) H,0 2%NHS  20%NHS  80% NHS ° 1,0 2% NHS 80% NHS All tests were done with
memprane g Y P P - 2 2 erythrocytes from Patient B
damagE. LOSS Of membrane'bound Complement regU|atOry w Fig, 4 Pathogen Viability Fig. 5 Complement deposition on pathogens in GVB** buffer
proteins CD55 and CD59 in paroxysmal nocturnal hemoglobinuria C3(H;0)8 Serum-susceptible strains Serum-resistant strains Fig. 8 Co-incubation of PNH erythrocytes &  Fig. 9 Co-incubation of PNH erythrocytes

(PNH) leads to hemolysis of PNH erythrocytes. fD,c_«J, | N. meningitidis | S. pyogenes " S. pneumoniae v 4 S. pyogenes S . pneumoniae yeast with Increasing concentration of CFH & yeast with and without direct contact
* Hemolysis in PNH is chronic due to continuous alternative pathway ~,(G(H,08D) -~ D o L] Hinkis 500001 O HiNHS 400000) O HiNHs ot ] 0 . -
L : : : ' ‘ ' 3 g NHS , Q . '
(AP) activation through tick-over, but brisk hemolysis (paroxysm) fluid phase _ 100 3 60000 5 300000- 3001 W T e X108 CFU) %125 =
. . . . . . activity 2 80 0 % 3. e ] ~*- 2% NHS+Yeas I NHS+Yeast (5X10° CFU
can occur during a “triggering” event such as infection. While the 2 & 3 40000 5 200000- 2001 1 S 20 g 60 § ool = B0 oo (oX10° GFU) No DO
: i~h i i 40 c ] c | 100- - 1007 ks T
mechanlsm(s) by \.NhIC.h infections cause paroxysm are unclear, one Legend o § 20000 l § 100000 1 % g 10 3 75 CFU: Colony Formation Unit
possible explanation is that PNH red blood cells (RBCs) may be ol— . Nilll Misl oLl — B =3 B = @ @ NHS: normal human sera
. . . O Opsonin ? Possible “bystander hemolysis” A B Cad  C3c C4d  C3c 10790:4¢ 10 1010,49 10 101049 10 101040 10 S 2. 507 HiNHS: heat inactivated NHS
subject to bystander lysis as a direct result of pathogen-dependent O e Serogroup Complement deposits Complement deposits 2  HINHS  HiNHS £ 207 . ch g fa '”tact"’a €
. . . . () 3 Convert haphylatoxin 3 I . : direct contac
complement activation. This hypothesis however has not been onvertEse S — NS — NS S - All tests were done with
. . || || |V 8 S. aureus P . aeruginosa Oo'o 0.2 0.4 * 06 > 0 0 h f i
formally tested and is based largely on studies performed under C O cs convertase . e E. coli and H. influenzae S. aureus P.aeruginosa | | | Purified CFH Added (mg/mL) | "o oS e s A rocy;e:f rom Patient B
(] ] ] [} . H GVB++
non-physiological serum conditions. 1401 [ HiNHS 1500007 [ HINHS 6000007 I HINHS 0 . " o
1204 @ NHS 2 B NHS 3 2001 . 200- - . . . . . . .
100 o . » Unlike bacteria (previous section), yeast can induce bystander hemolysis as previously reported.
: : . : : = 801 g g 200 g 200 > i i i 0 0
* Accordingly, using normal human sera, PNH erythrocytes, and a panel of clinically relevant bacterial strains, we S 60- g g 8 Yeas: |dnduc:.d PNH ehrythrc':cytt(:‘hemolysls :r;ly ?t Iowler ser.un::.cor;centratlons (2% and 20%) and at
. . . . 40- c 1 = | ] . ] ] .
undertook the studies herein to evaluate whether activation of complement by pathogens leads to enhanced 2o g I g - l 100 100 . X(teash ?nIS| |.es mu(;:.t.grea Ier a::n repc.)r e 30(:; unga sezs:s (Fig. 7) o i .
hemolysis and/or complement fragment deposition on PNH erythrocytes. Moreover, we also investigated the O ol h nfluenzae 0 ';';m o "TChd cae = o g = T , dp ys;oboglc cc:nF.l |o7ns closer to in vivo (80% serum and lower yeast densities), no hemolysis was
. .« . . . i i C4 C4 o
mechanism of the bystander lysis induced by Saccharomyces cerevisiae (yeast). Complement deposits Complement deposits c e o ') in uce. y yeast (Fig .) | | N N |
, _ , , » Yeast-induced hemolysis under non-physiological conditions can be corrected by addition of CFH (Fig. 8)
°* We found no evidence that PNH erythrocytes are susceptible to pathogen-induced bystander lysis under NHS: normal human sera; HiNHS: heat inactivated NHS; all tests were done with 80% NHS in GVB** buffer . . : . e
vsiological N : " o ch , | ; » Physical separation of yeast and PNH erythrocytes prevented yeast-induced hemolysis (Fig. 9)
physiological serum conditions. Instead, we found that a subtle change in complement factor H (CFH) > All test pathogens activate complement (CP, LP, and/or AP) on their surfaces, as shown by lockad : Ivsi r db ] ]
concentration can lead to hemolysis of PNH erythrocytes and furthermore, that this hemolysis is caused by AP killing (Fig. 4) or complement fragment deposition (Fig. 5) Blockade of Hemolysis In. ucea oy que.rlng CFH Concentration or
dysregulation as demonstrated by inhibition by a monoclonal antibody against complement factor D (CFD). with CFD Inhibition

> Reductions in CFH

METHODS PNH Erythrocytes Show No Increase in Complement-Mediated Fig. 10 PNH erythrocyte hemolysis Fig. 11 Inhibition of PNH erythrocyte concentration by as
Hemolysis or Opsonization When Co-incubated with Bacteria ~ '"euced Py reduction o hemolysis by CFD inhibition little as 30% led to

fe : ] c 50% hemolysis of
Experiments with Bacteria Table 2 PNH erythrocyte hemoly5|sn the presence of bacteria Q, 120 o« o < 1%0- - - y
" tes (5x10° /mL in GVB*) and 10 wL . . . . % Hemolysis of PNH Erythrocytes s 100] o erythrocytes
:)O HL .Pl\.lHleryt. rﬁ CYIES - | ; | M- Fig. 2 Experiments with Bacteria Patient £ ol M 3 S. S. P. [ e (Fig. 10)
acteria in logarithmic growth phase (5x107 / mL in GVB™) - el ‘ endout I») ' influenzae | pyogenes | pneumonia | aureus |aeruginosa ke - > 80 » AP blockade with a
eagent cells + erum eado . . . - @M
were added to 80 uL ABO '?IOOd grou.p compatible normal : i — - “ individual 28 32 26 29 31 33 32 ND ND p © 601 monoclonal anti-CFD
human serum (NHS). Reactions were incubated at 37°C for 7 %s = Bacterial viability B pooled 1 ’) 1 1 1 1 1 ND ND E R 2 40- antibody fully
1 h and supernatants and cell pellets were separated by @Q seets] g o cogeren | [ECHEN ndvidual 18 12 12 12 4 12 10 o+ or | 5 s inhibited hemolysis
differential centrifugation. Absorbance of supernatants i~ = deposition B oooled 0 0 0 0 0 1 1.5 0* 0* s 0 | | | | . | § o of PNH erythrocytes
i e 0 20 40 60 80 100 120 N B .
was measured at 405 nm. Erythrocyt'es and/or Igactena -~ @@ remavei B3 oooled 0 ND 0 1 0 ND ND ND ND G O S & - N S S induced by 50%
recovered from pellets were labeled with FITC-conjugated ™ @ Il pooled 2 1 1 2 2 1 1 ND ND Anti-CFD mAb Conc. (_g/ml) reduction in CFH
anti-C4d or anti-C3c antibody and cell surface AP Cofr;;‘gﬁqngspt NHS: normal human serum; Men. A and Men. B: N. meningitidis A and N. meningitidis B; ND: not done; Test reactions included NHS (80%), PNH Assays performed with erythrocytes from Patient B Assays performed with erythrocytes from Patient B u
_ LP ? @9 deposition erythrocytes and pathogens as indicated in GVB** buffer and were incubated for 1 hr at 37°C. *assayed with individual NHS from different donors. and 80% total serum (indicated mixtures of NHS and and 80% total serum (equal parts NHS and CFD- concentration (Fig.
fluorescence was examined by flow cytometry. PNH PNH o ) CFD-depleted NHS) in GVB** buffer depleted NHS) in GVB** buffer 11
erythrocytes were identified by flow cytometry with Frythrocytes oniet by pactarts” Fig. 6 C I tC3f td iti ~ PNH erythrocytes )
or mediated by bacteria ig. 6 Complemen ragment deposition : .
: : . : : Normal  ~cess Serum. bl show no increase in
allophycocyanin-conjugated anti-CD59 antibody (Fig. 2). | Erythrocytes o eomomecein 2 On Pathogen On PNH RBCs On Pathogen On PNH RBCs complement- CO NCLUSIO NS
Bacteria: Streptococcus pneumoniae, Streptococcus diated lysis (Tabl
g mediated lysis (Table : : : . _ - :
pyogenes, Staphylococcus aureus, Haemophilus influenzae , , 0] 5 pyogenes ' PNHRBC  laoo{ - aureus PNH RBC > Bystander hemolysis of PNH erythrocytes is not induced by a panel of bacterial strains despite evident
: : i Fig. 3 Experiments to separate fluid-phase 2) or C3 fragment T .
type b strain Eagan, Pseudomonas aeruginosa, Escherichia t.' vion f lid-oh tivation b . 2001 deposition (Fig. 6) complement activation on the bacterial surfaces.
: Noiccori o itid ccopi o itidi activation from solid-phase activation eas - : : : : : :
coli, Neisseria meningitidis A and Neisseria meningitidis B. P vy 100 h incubated > Bystander hemolysis of PNH erythrocytes induced by yeast is an artifact as it occurs only with
Experiments with Yeast on erythrocyte surfaces when co-incubate e : : "
xperiments with Yeas e | 0 <A1 ith bacteria under artificially low serum concentrations and high yeast densities.
Assays were performed in GVB*" buffer with ‘é c3c Y e P e conditions that allow o Bystander hemolysis requires direct contact between yeast and PNH erythrocytes, indicating that
Saccharomyces cerevisiae (< 5x10° CFU/mL), erythrocytes Cell culture membrane insert 8 S ctivation of hemolysis is not elicited by activation products in the fluid phase.
from PNH patient B (5x107/mL), and 2% to 80% NHS Upper chamber S |P°1 S. pneumoniae PNHRBC [so01 P. aeruginosa PNH RBC complement CP, LP o Bystander hemolysis is readily suppressed by exogenous CFH, suggesting that this hemolysis in
and/or CFH-depleted NHS supplemented in some Senssenes Porous membrane 200 oo and AP despite’ ’ reduced serum concentrations may depend on the resulting dilution of soluble negative regulators.
. : e S Lower chamber ’
experiments Wlffh purified CFH or NHS. Tr.answell 1001 10(1 bacterial input > Subtle reductions in CFH concentration are sufficient to elicit PNH erythrocyte hemolysis, suggesting
permeable barriers were used in some reactions to Otz ered Aot Al A e e e far oreater that perturbation of soluble regulators during infection in vivo is a likely mechanism for “paroxysms”
separate fluid-phase activation by yeast from solid-phase Yeast incubated in upper chamber e o - T T o grea . . . e e o :
activation on erythrocyte surfaces (Fig. 3) Erythrocytes incubated in bottom chamber , - > than reported in > Lastly, AP inhibition could protect PNH erythrocytes from lysis during “paroxysm”, indicating potential
S — NHS+EDTA — NHS C3c deposition sepsis therapeutic utility of AP inhibitors.

_ - 10t International Conference on Complement Therapeutics, June 24-29, 2017, Crete, Greece




