Authors’affiliations

Véronique Fremeaux-Bacchi, Marie-Agnés Dragon-Durey and Stéphanie Ngo: ASSistance
Publigue—Hobpitaux de Paris, Hobpital Européen Geord@ompidou, Department of
Immunology, Paris, Franceadi Fakhouri: Department of Nephrology, CHU Nantes, France;
Arnaud Garnier, Georges Deschénes and Chantal Loirat: Assistance Publique—Hopitaux de Paris,
Hoépital Robert Debré; Université Paris VII, Depagmh of Pediatric Nephrology, Paris,
France;Arnaud Garnier : Department of Pediatric Nephrology, CHU Toulousen€e;Frank
Bienaimé: Assistance Publique—Hopitaux de Paris, Service Pthgsiologie-Explorations
Fonctionnelles, Hopital Necker Enfants Malades @adeliers Research Center, INSERM
UMRS 872, Paris, FranceBruno Moulin : Department of Nephrology, CHU Strasbourg,
France; Aude Servais: Assistance Publique—Ho6pitaux de Paris, Hopital Nedknfants
Malades, Department of Nephrology, Paris, FraRemgois Provot : CHU Lille, Department
of Nephrology, FranceLionel Rostaing : CHU Toulouse, Department of Nephrology, France;
Stéphane Burtey: CHU Marseille, Department of Nephrology, Frand@trick Niaudet:
Assistance Publigue —Hdépitaux de Paris, Hopitalkde&nfants Malades, Université Paris
Descartes, Department of Pediatric Nephrology,sP&fianceYvon Lebranchu : CHU Tours,
Department of Nephrology, Francailien Zuber: Assistance Publigue—Hopitaux de Paris,
Hopital Necker-Enfants Malades, Université Parisdetes, Department of Transplantation,

Paris, France.

Supplementary Patients and Methods
Study population

aHUS was defined by the coexistence of mechanieaidfytic anemia (hemoglobin < 10

g/dl, lactate dehydrogenase level > upper limihofmal (ULN), presence of schizocytes on
blood smear), thrombocytopenia (platelets count50 15/L) and renal failure (serum

creatinine level > ULN for age or/and proteinuri®® g/day or nephrotic syndrome) and/or
by TMA lesions at kidney biopsy (capillary and/ategiolar thrombosis, “double contour”).

aHUS remission was defined by normalization of pketelet and LDH levels, relapse was
defined by recurrence of mechanical hemolytic ameand/or thrombocytopenia and/or a
25% increase in serum creatinine after at least weeks remission. Written informed

consent for the genetic analysis was obtained fbrpatients. We arbitrary defined the age
of 16 to discriminate between the pediatric andltadoset of aHUS. Three patients who
developed the disease between 16 to 18 years aff@geenrolled in the adults sub group.



Healthy individuals were recruited in the studyotigh the Research clinic Unit of the
Hopital Europeen Georges Pompidou, Paris, Francethe study was approved by the
Institutional Review Board (Programme HospitalierRecherche Clinique, AOM 08198).

Study design

Blood samples from the patients with aHUS wereeobdid for complement investigation
between 2000 and 2008 in voluntarily participatipgdiatric (n=24) and adult (n=36)
nephrology centers in Frandeatients were included regardless of the dateeofitst episode

of aHUS. None of the patients had ADAMST13 deficierienzymatic activity <10%)The
medical files of the patients were reviewed reteasipely, and the relevant data (age at onset;
sex; triggering events; symptoms at onset; diseageome, including the occurrence and
timing of relapses, date of ESRD, date and causkeath) were collected. Patients with anti-
factor H antibodies were taken into account onhtlie analysis of data concerning the whole
cohort of patients. Comparison between the adults children was not possible, as most
patients were children. This group of patientsthesn described in a previous publication (1).

Complement investigations

The complement work-up was conducted in the demartrof Immunology in the Hopital
Europeen Georges Pompidou, Paris, France, whittieiseference center for the evaluation
of complement disorders in human diseases thataliyt receives all samples from French
patients with aHUSThe plasma concentrations of CFH and CFl were nmedsoy ELISA,
C4, C3 and FB were measured by nephelometry, and MK£pression was analyzed on
granulocytes using anti-MCP phycoerythrin (PE)-cgajed antibodies (Serotec, UK).
Screening for anti-CFH ab was performed as preWalescribed (2).

We used data from the NCBI SNP database (http://vaeli.nlm.nih.gov/snpand the 1000
Genomes Project _(http://www.1000genomes.otg identified ultra rare SNPs found in less
than 1/100 of normal individuals. If the sequenadant was not found in the normal French
population (200 pairs of chromosomes from normalads) or in the SNPs databases, it was
classified as a disease-causing mutation. We aritytrincluded ultra rare SNPs that have
been found in association with a second mutatiordentified in more than one unrelated
patient in the group of disease causing mutations.

Four SNPs in theCFH gene [rs 3753394 (-257 C>T); rs800292 (c.184G>A/a[b2lle);
rs1061170 (c.1204T>C; p.Tyr402His); rs1065489 @8%3>T,; p.Glu936Asp)], one SNP in
the MCP gene [rs2796268 (P2-366 A>G)] and two vasian theCFHRL gene (deletion
CFHR1-CFHR3 andCFHR1*B) were selected for the association analysis.

For CFH, five SNPs (rs3753394, -331 C>T,; rs800292 (c.184G>.Val62lle); rs1061170
(c.1204T>C; p.Tyrd02His); rs3753396 (c.2016A>G; Ip&3F2GIn) and rs1065489
(c.2808G>T; p.Glu936Asp) define one low-risk (patiee) haplotype CFH cgcag and one at-
risk haplotype CFH tgtgt (3). In MCP, five SNPs {852 A>G (rs2796267), P2-366 A>G
(rs2796268), P3IVS9-78 G>A (rs1962149), P4IVS12+&38A (rs859705) and P5 ¢.4070
T>C (rs7144).) define three low-risk (protectiveqplotypes and one at-risk haplotype
GGAAC (4). The CFH and MCP haplotypes were analyagidg SNPstats software at the
Web site http:bioinfo.iconcologia.net/snpstatstdtém.



Supplementary Table 1: Distribution frequencies of rare and ultra- rarePSN

1-Four rare SNPs in the CFH (p.Asn516Lys), MCP 853V or A304V), CFI (IVS12+5)
and C3 (p.Lys155Glu) genes were identified in tgaftontrols and patients and were not

considered as mutations.

Rare variants Heathly controls aHUS patients (%) p
MCP (p.A353V: A304V*) 1.1(2/181) 1.4 (3/214) 0.8
CFH (p.Asnb16Lys) 1.1(2/181) 1.9 (4/214) 05
CFI (IVS12+b) 1.3 (5/181) 2.8 (6/214) 0.9
C3 ( p.Lys15561u;K133Q) 2.7(5/185) 1.4 3/214) 0.4

* The A304V mutation was identified in patient eaelth fatal Stx-HUS, the HELLP
syndrome, and glomerulonephritis with C3 depodi)sand has been previously reported as
susceptibly factors in aHUS (6). A304V MCP mutamisvdeficient in its ability to control the

alternative pathway of complement activation orlhsurface (5).

2-Seven SNPs (in CFI:G119R, H183R, G261D, 1416L53% in CFB: 1242L; in CS3:
R735W) were not found in the French control group &re represented in SNP databases.
Two SNPs have been excluded from the mutatiof@BB: 1242L; C3: R735W). Five SNPs
in the CFI gene (G119R, H183R, G261DI416L, P5538)ehbeen identified in association
with a disease-causing mutation or in more than matéent (as indicated in the legend of

Table 1) and have been arbitrary considered astimnsa



Supplementary Table 2: Association analysis of 7 selected SNPs and bhgms in CFH, MCP and CFHR1 with aHUS.

All (pediatric and adult onset), Children (age io$tfepisode of aHUS less than 16 y), Adults (oréetr the age of 16 y) from the French coversus

controls.
Controls [aHUS (all) all vs Controls Children | Children vs Controls | Adults Adults vs Controls | Adults vs Chidren
Genes SNPs Allele n freg | n freq p OR(95% Cl) | n freq p OR (95% Cl) | n freq p OR(95% Cl)] p OR (95% CI)
?
CFH (rs'gfgggzz) T 197 0.24 | 145 0.48 [<0.0001 2.94(2.13-4.1) | 54 0.2 [<0.0001 2.28(1.4-3.6) |91 0.51 | <0.0001 3.33(2.3-4.8) [0.12 1.46(0.9-2.37)
C.184G>A,;
CFH p.Val62lle c.62lle 232 024 | 154 0.17 | 0.016 0.64(0.44-0.93)| 54 0.19| 03  0.76(0.45-1.28) [100 0.16 | 0.01 0.58(0.37-0.89)| 0.44 0.79 (0.43-1.45)
(rs800292)
€.1204T>C;
CFH p.Tyr402His c.402H 239 039 | 152 0.21 [<0.0001 0.41(0.3-057) [ 51 0.25| 0.007 0.51(0.31-0.83) [101 0.19 | <0.0001 0.36 (0.24-0.54)| 0.18 0.68 (0.38-1.20)
(rs1061170)
€.2808G>T,;
CFH p.Glu936Asp Cc.936E 238 017 | 159 0.42 [<0.0001 3.54 (2.56-4.91) [ 57 0.38 | <0.0001  3(1.91-4.69) [102 0.45 | <0.0001 3.99 (2.76-5.75)| 0.20 1.36 (0.85-2.17)
(rs1065489)
?366A>G
MCP (1s2796268) G 112 0.38 | 136 0.6 [<0.0001 2.41(1.68-3.46) | 54 0.59 | 0.0003 2.38(1.5-38) | 79 0.6 | <0.0001 2.46(1.6-3.74)]0.89 1.04 (0.63-1.71)
CFHR1 C(Ii;e-ll;tjll_?;S 172 0.24 | 145 0.17 | 0.026 0.64 (0.43-0.95)| 54 0.15| 0.04 0.55 (0.30-0.98)| 91 0.18 [ 0.12 0.70(0.44-1.09)] 0.47 1.27 (0.66-2.44)
CFHR1*B | 172 0.31 | 145 0.54 [<0.0001 2.61(1.89-3.62) | 54 0.56 | <0.0001 2.77 (1.78-4.31) | 91 0.53 | <0.0001 2.47 (1.71-3.58)| 0.64 0.89 (0.55-1.44)
Haplotypes
CFH tgtgt 275 013 | 166 0.38 | <0.0001 4.05 (2.90-5.84) [ 59 0.32| <0.0001 3.15(1.99-5) [107 0.41 | <0.0001 4.64 (3.21-6.7) | 0.11 1.47 (0.92-2.36)
MCP ggaac 192 0.25 [ 166 0.52 | <0.0001 3.18 (2.32-4.36) | 59 0.49 | <0.0001 2.9 (1.89-4.45) [107 0.53 | <0.0001 3.36 (2.36-4.78)| 0.52 1.16 (0.74-1.81)

The at riskigtgt CFH haplotype was tagged by detection of the ggastrs3753394 in the promotor and rs800292 (c.284@.Val62lle), rs1061170
(c.1204T>C; p.Tyr402His), rs3753396 (c.2016A>G; Ip832GIn) and rs1065489 (c.2808G>T; p.Glu936Ashe at-riskggaac MCP haplotype was
tagged by genotyping the following SNPs: -652 AX¥&2796267), -366 A>G (rs2796268), IVS9-78 G>A (8AP49), IVS12+638 G>A (rs859705),
€.4070 T>C (rs7144) (4,7-8). The frequency of esalkected SNP and the haplotypes in the aHUS pstfaht children and adults) was compared with
that in controls, and the p-values and ORs wereutaked using a Pearson x2 test of associatiomerRatwith anti-CFH antibodies were excluded for
this association analysis. In total, 90% of pasemith anti-CFH antibodies carry the homozygous REHR3 deletion.



Supplementary Table 3: Clinical course and outcome in the 214 patientb aiypical HUS.

A comparison was performed only if the number dfgrds was higher than 5 in both age groups. Thezepatients with anti-CFH antibodies (10 childrémadults) and CFB
mutation (2 children, 2 adults) are included omlyhe total cohort (“All” ). The outcome of patisnwith anti-CFH antibodies has been previously rieggbin (2). The child who died
14 years after onset had CFB mutation. M montidayd

3.1-Mortality rate

All CFH CFl MCP C3 No identified mutation

C A C A C A C A C A C A

(n=89) | (n=125) p (n=19) (n=40) p (n=6) | (n=12) p (n=12) | (n=8) | p (n=7) | (n=12)| p | (n=30) | (n=42) | p

Death 7(7.8%) 2(1.6%)| 002 2(11%) 1(@54) o2 2@%) o o2 d o 0 0 2(%) | 1(%)| 04
ND ND
Time after .
22 d;
aHUSonset |7 0-12m) o 4m,12m| 2m 7d,3m| - - - - - 7y
and 14y 25m

3.2- Cumulative rate of ESRD or death accordingne after atypical HUS onset

ESRD/Death Al CFH CFI MCP c3 No identified
mutation
C A C A C A C A C A c A
(n=89) | (n=125) p (n=19) | (n=40) p | (n=6)| (n=12) | p (n=12) (n=8) p (n=7) | (n=11) p (n=30) | (n=39) p
15 57 6 19 7 5 7 5 5 18
Atimonth | oo | a0e (<0001 oo | poe [0.25] 550 oo, |08 O (250 | 008 O | sy | 994 (1706 | (apws) | OOL
26 70 11 24 3 5 5 7 7 19
Atlyer | paoe | seoe | <00 (5650 | (60%) | OB8| 00| (amve) | 06| O (630%) | 0001 | 3(43%) (olo | 05 | i | aoney | 003
32 80 12 27 3 10 2 5 17 8 22
Atsyears | o2 | a | <000 (300 | (689 | 74| 50| (88%) | 02| (176) | (63%) | O3 | 343 ganer | 05 | aroey | sene) | OOL
At last 35 89 13 27 3 11 3 5 1 8 11 27
follow-up | (39%) | (719%) | <000 (e8%) | (68%) | %%*| 50%)| (@19%) || (25%) | (63%) | O0% | 3U8N) (7000) | O3 | (3706) | (6006) |©-008
fl\)/llls)dlanp 45 57 | 02 6 24 |0.04| 46 46 | 09 214 16 | 002 | 222 50 |0.04| 46 54 | 0.3
W-U
(months) | (1-493) | (1-353) (1-163) (1-353) (1-75) (1-250) | 13(44)| (4-177) (90-398)(17-213) (1-220)| (2-150)




3.3-Relapse pattern in patients who had not reachedE8HRlied at the first atypical HUS episode

In chidren and adults 57 % (16/28) and 82% (19 3¢lapses occurred during the first year respelti

All CFH CFI MCP c3 No identified
mutation
C A c| A C A C A C A c | A
(n=65) | (1=66) | , | (=13 (=20 | | | (=9) | (=) | , | (=12 (n=6) o | 0= o= | | e=29) | =) |
68 52 | 006 | 12| 55 | 003 73| 58|005| 214 | 11| 001| 222 | 50008 50 | 42 | 02
Follow up (months) (13- (3- (2-
(2-444)| (2-298) (263 (2-261) (3-75) (25-250 (20-493)| (4-65) (90-308) S35 233 | 298)
First Relapse, | 28/65 | 23066 | o | 4/13| 6/20 | oo | U5 | 358 | oo | 102 | 211 | goo| 3 | 517 | | 7/25 | 721 |
npatients (%) | (43%) | 35%) | 02 | 31%) 30%)| % | 20%)| 38w | O° | ©3%) | 33%)| OO% | (43%) | (71%)| 02| 28%)| (33%) | ©
. 16/65 | 19/65 4113| 6120 15 | 38 312 | 26 317 6125 | 520
(I"relapse=<1y) | o506) | (20%) | 99° | (310) (30%)| %2 | 200%)| (38%) | O | (25%) | (33%)| O O | (43%) | %03 (24%) | (25%) | 92
12/65 | 3/65 712 37 | 21 1125 | 1/20
st *
(1 relapse> 1y | (200 | E50 [001| o] o 0 0 a0 | 008 | 20 05| e | @ | 08
Relapse>1y*, | 25/53 | 11/55 | oo 218 | 3/16 | | 053 | 28 112 | 13 | oo | 24 | 15 | o | 7722 | 4120 |
n patients (%) * | (47%) | (20%) | @25%) (19%) | O | %) | (25%) 92%) | 33%)| 98 | (50%) | 20%)| O° | 32%) | (20%) | ©

» *patients who had not reached ESRD or died at theat follow-up.

* *jncluding patients with the first relapse durittge first year after onset

Children (C), Adults (A)

ESRD: end-stage renal disease




Supplementary Table 4. Causes and time of death in patients with aHUS.

(on

Pediatric onset
Months
(m) or
. .. Age at
Patients Genetic . Familial onset days (d) Cause of death
abnormality aHUS (year) after
y the
onset
CFH Cardio-respiratory arrest
1 (Incomplete) yes 0,01 12m automated peritoneal dialysis)
Pulmonary hemorrhage concomitant
2 CFH no 1,54 4 m with hemolysis and
thrombocytopenia
3 CFI yes 0,08 7d Cardiac arrest (uncertain gause
CFI Staphylococcal aureus septic shock
4 (Incomplete) yes 045 31m (from peritoneal catheter)
No Multivisceral  failure  including
5 identified no 0,57 25 m central nervous system and heart
during relapse of HUS
6 No no 0.47 22 d Multivisceral  failure  including
identified central nervous system
Cerebral hemispheric infarction due
r CEB no 0.10 162 m to carotid artery dls_sectlon_ after
attempt of carotid siphon
angioplasty (9)
Adult onset
No
8 identified 39,00 92 m Not documented
9 CFH 8500 24 m Not documented




Supplementary Table 5: Characteristics of adults and children with &@H antibody-
associated aHUS.

Children (n=10) | Adults (n=4)
Age at onset 8.2 (0.7-11.4) 31.5 (21-45)
F/IM 6/4 1/3
Mean SCr mol/l) 401 (246-1218) | 1175 (758-1590)
Platelet count (G/L) 62 (19-213) 52 (30-74)
Plasma therapy 8 (80%) 3/4 (75%)
ESRD at 1'saHUS episode | 1/10 0
aHUS relapse 6/10 (60%) 0
ESRD at last follow-up 2/10 2/4
Complete CFHR1 deletion 9/10 4/4

Among the 4 adult patients, the presence of antigtbiwas diagnosed retrospectively in 3 of
them. One was treated conservatively and develd&f®@dD, one was treated by PE and
relapsed, and the last one was treated by PE anduiSdeveloped CRI and cardiac
insufficiency as sequelae. The last patient wagrdiaed prospectively and was rapidly
treated by PE and IS and had no sequelae.



Supplementary Table 6: Number of aHUS patients reaching ESRD at thé &iFJS
episode according to the age at onset, the tym®miplement gene abnormalities and
the intensity of the plasma therapy.

Plasma exchange (PE) and/or fresh frozen plasn) (ifFusions were administered in
61.5% (120/195) of the aHUS patients at the fis@de (35/89, 39% in children;
85/106, 80% in adults). Only 146 patients for whdata regarding plasma therapy are
available are included in the analysis. High —istgnplasma therapy was administered
in 45% (66/146) of the aHUS patients at the figsisede (19/74, 25.6% in children;

47172, 65.2% in adults).

Adults*
High-intensity| Low-intensity p
treatment treatment /no plasma
CFH (28) 11/21 (52%) | 517 (71%) 0.3
C3 (n=7) 2/4 (50%) 1/3 (33%) 1
CFB (n=2) 2/2 (100%) | 0/0 -
CFI (n=10) 1/4 (25%) 3/6 (50%) 0.57
MCP (n=5) 1/5 (20%) 0/0 -
No identified|5/11 (45%) | 4/9 (44%) 1
mutation (n=20)

*Data regarding the intensity of treatment are ladé for only 72 adult patients.

Children**
High-intensity| Low-intensity p
treatment treatment /no plasmal
CFH (19) 1/6 (16%)  8/13 (62% 0.06
C3 (n=7) 1/1 (100%) | 1/6 (16%) 0.28
FB (n=2) 0/0 1/2 (50%) -
CFI (n=6) 1/3 (33%) 1/3 (33%) 1
MCP (n=12) 0/2 0/10 1
No identified| 4/7 (57%) 4/21 (19%) 0.14
mutation (n=28)

**Data regarding the intensity of treatment areikae for only 74 children.

ESRD: end-stage renal disease; aHUS: atypical hgimokemic syndrome




L egends of supplementary figures
Supplementary Figure 1:

Distribution of the C3 plasma level in children aadults with atypical hemolytic uremic
syndrome according to the mutations. The mean saueindicated

The dotted line shows the lower limit of normalwed (-2SD of normal, 660 mg/L)
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Supplementary Figure 2

Schematic representation of the age of patienthetonset of atypical hemolytic uremic
syndrome.

Each point represents one patient. Seven periolife @fre indicated. Three patients in adults
(2 CFH and one C3 mutations) developed the dideetseeen 16 to 18 years of age.

m: month; y: year
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Supplementary Figure 3. Cumulative Kaplan Meier estimates of the ratessofvival
without ESRD and death according to the geneti&dpacind in children and adults

The proportion of patients without ESRD at any tipm@nt according to the presence of
mutations in CFH (Homozygous and Heterozygous),, €3, MCP, or with no identified
mutation are shown. The most relevant comparisosteown in the table.

Children Adults
g 10 . T y
o el e,
g (|5 _ Noidentified o GEL.,
U o CRIL I g ] £ by
3 3 C3-CFB 1 e . MCP
gE w B = bp-Noidentified
3 § . . FFH“ 1 T T ;____\.-CFB
2 20 2. T @E FH
a3 !
il 1 I 1 1 1 %h 1 | | | |
0 12 24 36 48 60 0 12 24 36 48 60
months months
19 6 4 3 2 1 CFH 40 1 7 7 6 5
12 12 10 9 8 8 MCP 8 1 1 1 1 1
6 3 3 3 3 3 CFI 12 9 6 5 3 2
9 6 6 5 5 5 C3-CFB 13 5 3 3 3 2
30 17 14 13 11 10 No identified 42 21 13 8 8 8
Children Adults
p OR p
CFH 0.039 0.3[0.14-0.9] 0.23
. . MCP 0.2 0.79
No identified vs CEI 07 069
C3-CFB 0.9 0.5
MCP vs CFH 0,002 0.17 [0.05-0.5] 0.3




Supplementary Figure 4. Kaplan Meier survival without ESRD and death eat@s for
pediatric patients with anti-CFH antibodies or C&ittl MCP mutations

We identified 10 children with anti-CFH antibodiésnti—-CFH Ab). At disease onset, 1
patient was managed conservatively, 9 receivednaatherapy (1 fresh frozen plasma, 8
plasma exchanges, PE) and this was the only treatfoe 3 of these patients. The other 6
patients also received immunosuppressive treatn{)tsNone was treated by IS only. The
Kaplan-Meier estimate of the 5-year survival withdtSRD was significantly better in
children with anti-CFH Ab or MCP mutations compatedhildren with CFH mutations. The
most relevant comparisons are shown in the table.

———————————————

S
5 — e r—M-C-F:’ ________
g ﬁ — =TT fu]
anti CFH Ab
=3
T <
b s
6 g fal=0|
2
a
0] 12 24 36 48 60
Time (months)
Number of aHUS patients
CFH 19 6 4 3 2 1
MCP 12 12 10 9 8
Anti CFH Ab 10 9 6 5 5 4

MCP vs anti CFH Ab (p=0.6);
CFH vs anti CFH Ab (p=0.02; OR : 3.7 [1.2 -11]);

CFH vs MCP (p=0.002; OR : 5.8 [1.8 -18])
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