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Introduction

Atypical Hemolytic Uremic Syndrome (aHUS) and C3
Glomerulopathy (C3G) are complex diseases that often progress
to end stage kidney failure. While both present with distinct clinical
features and required different treatment strategies, they share
similarities in their pathophysiology - dysregulation of the
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e o O\ than FH at the C-terminus (Figure 2). These similarities and

differences lead us to believe FHR1 functionally competes with
FH to enhance complement responses and that FHR1*B posses'
stronger competition against FH than FHR1*A. Thus, we
hypothesize in complement driven disease such as aHUS and
C3G, patients will favor the FRH1*B genotype over the FHR1*A
and that FHR1*B will have more robust C3b deposition on cell
surfaces compared to FHR1*A due to heightened AP activation.
Therefore, we aimed to determine the genotype frequencies of
FHR1*A and FHR1*B in aHUS and C3G compared to healthy
controls as well as the impact of FHR1*A and FHR1*B on
complement activity on cell surfaces.
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Figure 1. The alternative pathway of Complement. C3 in the fluid phase is spontaneously
hydrolyzed to C3(H20), a process known as tick over. Cleavage of C3 leads to the generation of
anaphylatoxin C3a and opsonin C3b, which binds factor B (FB). FB is then cleaved by factor D
(FD) to form C3bBb, known as the C3 convertase. C3 convertase is negatively regulated by
Factor H (FH), thus preventing complement activity, while FH related proteins (FHRs) are thought
to have the opposite effect. FH and FHRs, therefore, functionally compete for complement
control. The C3 convertase then proceeds in one of two directions 1) cleave additional C3
molecules into C3a and C3b, creating an amplification loop or 2) interacts with an additional C3b
to form the C5 convertase. C5 convertase is the start of the terminal pathway and cleaves C5 into
Cb5a and C5b. C5b binds C6, C7, C8, and several C9s to form the membrane attack complex
(MAC) or binds with vitronectin and clusterin to form soluble C5b-9.

Figure 2. Schematic of FH, FHR1*A, and FHR1*B.
FH is comprised of 20 SCRs, of which SCRs 14
mediate regulation of the AP and SCRs 19-20 mediate
cell surface recognition and binding. The FHR1*A and
FHR1*B SCRs are aligned with corresponding related
SCRs of FH. SCR 3 of FHR1*B is identical to SCR 18
of FH while SCR 3 of FHR1*A is three amino acids
different than SCR 18 of FH, indicated in red.
Additionally, SCR 5 of both FHR1*A and FHR1*B are
only 2 amino acids different than SCR 20 of FH,
iIndicated in red.
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A/A 0.20 (100) 0.26 (71)  0.14 (31)
B/B 0.11(55) 0.12(32)  0.13 (29)

Del/Del  0.06(32) 0.05(13)  0.14 (31)

A/Del 0.20 (100) 0.18 (48)  0.16 (36)

B/Del 0.17(88)  0.10(26)  0.14(32)

A/B 0.26 (130) 0.30(81)  0.29 (66)

A/A/B 0.0 (0) 0.0 (0) 0.009 (2)

AJA/A 0.0 (0) 0.004 (1) 0.0 (0) | ie e el

AIAJAIA 0.0 (0) 0.004 (1) 0.0 (0) Figure 4. C3b Deposition on mouse mesangial cells. Mouse mesangial cells (MES-13) were incubated with positrol serum o FH depleted serud with human FH (hF) and

human FHR1*A (hFHR1*A) or human FHR1*B (hFHR1*B). C3b deposition is seen in green and MES-13 nuclei in blue. Amount of C3b deposition was quantified using a ratio of nuclei to C3b in
Imaged. A) MES-13 cells incubated with positive control serum. B) MES-13 cells incubated with FH depleted serum which uses up C3b within second of activation preventing visualization of C3b
deposition on cell surfaces. C) MES-13 cells incubated with FH depleted serum and 165ug hFH shows low C3b deposition compared to FH depleted serum alone. D) MES-13 cells incubated
with FH depleted serum, 165ug hFH, & 10ug hFHR1*A increased C3b deposition compared to FH depleted serum with 165ug hFH. E) MES-13 cells incubated with FH depleted serum, 165ug
hFH, & 10ug hFHR1*B increased C3b deposition compared to FH depleted serum with 165ug hFH.

Table 1. FHR1 isoform frequencies in C3 glomerulopathy
and atypical hemolytic uremic syndrome patients
compared to controls. A control population (n = 505) and
patients with C3G (n = 273) or aHUS (n = 227) were
ascertained from the lowa database. FHR1*A, FHR1*B, and
homozygous (hmz) and heterozygous (het) CFHR1 deletions
(ACFHR1) were resolved by MLPA. P-values <0.05 were
considered significant (Fisher’'s exact test). Numbers in
parentheses indicate number of participants in the study.
FHR1*A and FHR1*B isoforms were observed in: control
FHR1*A 430 alleles, FHR1*B 328 alleles; C3G FHR1*A 272
alleles, FHR1*B 171 alleles; aHUS FHR1*A 164 alleles, J
FHR1*B 157 alleles. Hmz and het ACFHR1 were identified in: .
control hmz-ACFHR1 64 alleles, het-ACFHR1 188 alleles; C3G
hmz-ACFHR1 26 alleles, het-ACFHR1 74 alleles; aHUS hmz-
ACFHR1 62 alleles, het-ACFHR1 68 alleles. The C3G cohort
has a significantly lower het-ACFHR1 frequency compared to N
controls. The aHUS cohort has a significantly higher ACFHR1
frequency compared to controls and C3G. Copy number
differences were also observed with >2 copies of CFHR1 found
in both the C3G and aHUS cohorts. Fishers' exact tests: 1)
lowa Control vs lowa C3G p-value = 0.0115, 2) lowa Control vs
lowa aHUS p-value = 0.00001, and 3) lowa C3G vs lowa aHUS
p-value = 0.00019

Conclusions Discussion

These findings suggest a potential underlying genetic predisposition for
development of chronic kidney disease. Increased copy numbers of
FHR1 predispose the kidney microenvironment to chronic inflammation
by tipping the balance in favor of complement activation. Heighten AP
activation can result in increased deposition of complement fragments,
such as C3b, on cell surface which in turn creates a pro-inflammatory
state. This proinflammatory state overtime results in damage to cell
surfaces and therefore, decreased kidney function typical of C3G and
aHUS.

The acidic isoform of FHR1 (FHR1*A) is favored in C3G
aHUS favors homozygous deletions of FHR1

* Increased copy numbers of FHR1 are associated with
development of chronic kidney disease.

FHR1 enhances C3b deposition on MES-13 cells.
 FHR1*B results in increased C3b deposition compared
to FHR1*A on MES-13 cells.
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