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A Novel Full-Length Recombinant Human Complement Factor H (CFH; GEM103)
for the Treatment of Age-Related Macular Degeneration Shows Similar In Vitro
Functional Activity to Native CFH

Robyn M. Biggsa� , Elisavet Makoub�, Scott Laudera, Andrew P. Herbertb, Paul N. Barlowb,c, and
Suresh K. Kattia

aGemini Therapeutics Inc., Cambridge, MA, USA; bSchool of Chemistry, University of Edinburgh, Edinburgh, UK; cSchool of Biological
Sciences, University of Edinburgh, Edinburgh, UK

ABSTRACT
Purpose: GEM103 is a recombinantly produced full-length version of the human complement fac-
tor H (CFH) under clinical investigation for treatment of age-related macular degeneration (AMD)
in individuals carrying an AMD risk-associated genetic variant of CFH. This study aimed to investi-
gate the complement pathway-related functions of GEM103 in comparison with those of native
human CFH.
Methods: Key biological activities of GEM103 and human serum-derived CFH (sdCFH) were com-
pared using four independent functional assays. Assays of C3b binding and C3 convertase decay-
accelerating activity (DAA) were performed by surface plasmon resonance (SPR). Cofactor activity
(CA) was measured using 8-anilinonaphthalene-1-sulfonic acid as a fluorescent probe of C3b integ-
rity. The abilities of GEM103 and sdCFH to protect sheep erythrocytes from hemolysis by CFH-
depleted normal human serum were assessed colorimetrically.
Results: In multiple SPR-based assays of C3b binding and DAA, the performance of GEM103 was
consistently comparable to that of sdCFH across a range of matching concentrations. The EC50 ±
SD in the fluorescence-based fluid-phase CA assay was 0.21 ± 0.06mM for GEM103 compared to
0.20±0.09mM for sdCFH. In hemolysis assays, the EC50 value of 0.33±0.16mM for GEM103 versus
0.46±0.06mM for sdCFH were not significantly different (p¼ 0.81).
Conclusions: GEM103, a recombinant CFH developed by Gemini Therapeutics, shows activity pro-
files comparable to sdCFH in all complement-related assays employed in this study, suggesting
that GEM103 is equivalent to the native glycoprotein in terms of its in vitro functional activity.
These results support further study of GEM103 as a potential therapy for AMD.
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Introduction

Age-related macular degeneration (AMD) is a degenerative
eye disease of the elderly. Worldwide, AMD caused moder-
ate/severe visual impairment in over six million people aged
�50 years in 2020.1 An estimated 280 million could be
affected by AMD in 2040.2 While the neovascularization
that characterizes “wet” AMD is therapeutically addressable
and Age-Related Eye Disease Study supplements can slow
down the progression of AMD to advanced forms in some
cases,3,4 no approved treatment exists to slow the progres-
sion of geographic atrophy (GA), the advanced form that
degrades vision in “dry” AMD.5

Genetics features prominently in AMD development.6

Amongst AMD-associated genetic loci, the complement fac-
tor H (CFH) gene (CFH) stands out.7,8 CFH, a serum glyco-
protein consisting of 20 complement control protein (CCP)
domains, regulates the alternative pathway (AP) of the

complement system.7,9 In AMD, numerous CFH coding var-
iants are strongly associated with enhanced disease risk,7

suggesting CFH functional insufficiency is a major contribu-
tor to pathogenesis.10 Non-coding AMD-related variants
also occur,11 some of which lead to elevated concentrations
of factor-H-related proteins12 that may function in oppos-
ition to CFH, illustrating the complex relationship between
genetics and complement regulation.

The AP is a surveillance system, continuously operating at a
low level, driven by slow spontaneous hydrolysis of comple-
ment component 3 (C3).13 C3 hydrolysis triggers proteolysis of
C3 into C3a and C3b.14 C3b binds complement factor B
(CFB), which in turn is cleaved, yielding C3bBb.13 In a posi-
tive-feedback loop that operates in the absence of regulators
like CFH, C3bBb catalyzes the cleavage of additional C3 to
C3b.13 Nascent C3b can covalently attach to nearby surfaces
leading to phagocytosis, inflammation and cytolysis resulting
from terminal pathway activation.15
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Given its spontaneity and potential for amplification, the
AP must be regulated everywhere except near invading
pathogens. In its canonical role, CFH intervenes at several
steps along the AP. It binds C3b, competing with CFB; it is
a cofactor for complement factor I (CFI) that cleaves and
inactivates C3b; it accelerates dissociation of Bb from
C3bBb.15 Through these multiple mechanisms, CFH pre-
vents excessive C3b formation which otherwise leads to
host-tissue damage. Importantly, CFH regulates AP activity
both in solution and on host surfaces.15 CFH regulates the
AP on self-surfaces, selectively, by recognizing polyanions
typically found only on self-surfaces.9,16,17

Given the critical role functional CFH plays in maintain-
ing ocular homeostasis, Gemini Therapeutics Inc.
(Cambridge, MA, USA) is clinically investigating a novel
full-length non-tagged recombinant human CFH protein
(GEM103), administered by intravitreal (IVT) injection, aim-
ing to restore appropriate AP regulation in the eye in AMD.
During preclinical development, the activity and potency of
GEM103 were assessed in comparison with human endogen-
ous CFH (serum-derived CFH [sdCFH]), for canonical func-
tions including C3b binding, CFI cofactor activity (CA),
C3bBb-decay accelerating activity (DAA), and protection of
cells from lysis in activated human serum.

Materials and methods

GEM103 (non-GMP [non-good manufacturing practice]
preparation; LakePharma, Inc. [Worcester, MA, USA]) was
used for this in vitro study. Native human sdCFH (purified
from pooled human serum), purified human C3b, CFB,
complement factor D (CFD) and CFI were supplied by
Complement Technology, Inc. (Tyler, TX, USA). C3b-bind-
ing affinity and decay-accelerating activity (DAA) assays
were performed on the BiaCore T200 (GE Healthcare
[Chicago, IL, USA]) surface plasmon resonance (SPR) plat-
form. CA was measured using 8-anilinonaphthalene-1-sul-
fonic acid (ANS) and a SpectraMax M5e (Molecular Devices
[San Jose, CA, USA]) plate reader. For hemolysis assays,
human CFH-depleted serum and sheep erythrocytes (SEs)
were obtained (Complement Technology, Inc.) and measure-
ments performed in a SpectraMax M5e (Molecular Devices)
plate reader. See Supplementary Methods for details.

Results

GEM103 and sdCFH both showed affinities for C3b
within the published range

Figure 1(A) (GEM103) and 1(C) (sdCFH) show SPR
responses for dilution series of each protein flowed over

Figure 1. Affinities of GEM103 and sdCFH for C3b measured by SPR. Duplicate measurements using two-fold dilution series of 2 mM to 0.016mM protein flowed
over C3b immobilized on a CM5 chip were performed, and background signals were subtracted. (A) Results for GEM103; (B) equilibrium plot used to calculate a KD
value for GEM103; (C) results for sdCFH; (D) equilibrium plot used to calculate a KD value for sdCFH. KD: Equilibrium dissociation constant; RU: response units; sdCFH:
serum-derived complement factor H.
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C3b amine-coupled to a carboxymethylated dextran-coated
(“CM5”) sensor chip. Fitting to a 1:1 steady-state binding
model (Figure 1(B,D)), yields equilibrium dissociation con-
stants (KD) for GEM103 (0.74 ± 0.06 mM) and sdCFH
(1.05 ± 0.1 mM). The Rmax values (reflecting total capacity of
a chip for binding CFH) for GEM103 (305 response units
[RUs]) and sdCFH (226 RUs) were consistent with C3b den-
sities. The v2 values for GEM103 and sdCFH were <10% of
Rmax values suggesting acceptable curve fitting. Similar
results were obtained when using a chip with a flat carboxy-
methylated surface (“C1”) (Supplementary Table 1).

GEM103 has similar CA to sdCFH

In a fluorescence-based assay of CFI CA that monitored loss
of C3b integrity, GEM103 performed similarly to sdCFH
(Figure 2). Average EC50 and EC90 values showed no signifi-
cant difference between the two proteins (p¼ 0.81 and
p¼ 0.76, respectively, Supplementary Table 2), suggesting
both are equally able to recruit CFI for C3b cleavage.

GEM103 shows similar DAA to sdCFH

The tested concentrations of GEM103 or sdCFH accelerated,
dose-dependently, the decay of C3bBb, previously assembled
on a CM5 sensor chip by passing CFB and CFD over immo-
bilized C3b. The data for GEM103 and sdCFH obtained
appear similar, with GEM103 performing at least as well as
sdCFH at every concentration tested (0.5–20 nM) (Figure
3(A,B)). Comparable results were observed with a different
density of immobilized C3bBb (Figure 3(C,D)).

GEM103 protects SEs from hemolysis in a comparable
manner to sdCFH

SEs bear human-like sialic acids and so are protected by
human CFH from lysis, in normal human serum, mediated
via the AP by complement’s terminal pathway. Some or all
of the canonical activities of CFH, including its ability to
recognize self-like surfaces, are deployed in this scenario.
For each tested concentration of GEM103 or sdCFH, aver-
aged, normalized, percent SE-hemolysis values were plotted
(Figure 4), revealing comparable hemolysis-protection activ-
ities of the two proteins with no significant differences
between their respective EC50 and EC90 values (p¼ 0.81 and
p¼ 0.76, respectively, Supplementary Table 2).

Discussion

Individuals with risk-associated CFH variants may have
reduced levels of fully functional CFH (although not neces-
sarily a quantitative deficit of CFH) in fluid phase or within
tissues like the posterior retina, where CFH is produced
locally.18 The resultant local complement (dys)regulation, of
particular relevance to AMD development,19,20 could poten-
tially be reversed by IVT injection of GEM103. A biodistri-
bution study in non-human primates (cynomolgus
monkeys) showed that IVT administration of GEM103
resulted in the distribution of the protein to the inner layers
of the eye including the retina, retinal pigment epithelium
(RPE) and the choroid, and that GEM103 was retained at
the RPE for an extended duration,21 suggesting that this is
an effective method of administration. Subsequently,
GEM103 has been employed in Phase 122 and 2 studies that

Figure 2. Comparison of cofactor activities of GEM103 and sdCFH. This assay monitors the loss of C3b integrity (and hence affinity for the fluorescent dye, ANS)
due to cleavage by CFI that requires CFH as cofactor. Representative plots are shown of the average inverse reaction rates (RFU/second) ± standard deviation plot-
ted against GEM103 (solid line) and sdCFH (dashed line) concentrations. CFH: complement factor H; INV: inverse; RFU: relative fluorescent unit; SD: standard devi-
ation; sdCFH: serum-derived complement factor H.
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enrolled individuals with GA, aiming to restore full CFH
functionality (clinicaltrials.gov identifiers: NCT04246866 and
NCT04643886). It was, therefore, important to verify that
GEM103 has canonical complement-regulating activities that
at least match those of the native protein. In this study,
native CFH had been derived from pooled human serum.
Native CFH preparations were, therefore, likely to be more
heterogeneous than the GEM103 preparation, which con-
tains affinity-purified recombinant CFH that has a well-
defined sequence and is of known provenance.

Here, the KD for binding to surface-immobilized C3b,
calculated from SPR experiments, for GEM103 was at least
as tight as sdCFH, and within the range of previously pub-
lished values for native CFH and yeast-produced recombin-
ant CFH.23–26 This suggests that the integrity of GEM103’s
primary C3b-binding sites (in CCPs 1–4 and CCPs 19–20)
is preserved.

The CA of native CFH removes C3b from the amplifica-
tion loop. This involves CFH recruiting CFI to the CFH:C3b
complex.15 The potencies of GEM103 and sdCFH to support

cleavage of C3b by CFI were comparable in a solution assay
exploiting the higher affinity of a fluorophore for C3b versus
its cleavage product, iC3b.27 CCPs 1–4 of CFH are critical
for CA, while CCPs 19 and 20 also participate through their
contribution to binding C3b.24 This supports the presence
of intact binding sites for both C3b and CFI in GEM103.

CFH catalyzes decay of C3bBb, which suppresses the
C3b-amplifying positive-feedback loop. The potential bene-
fits of restoring normal levels of CFH DAA in patients are
highlighted by the decreased DAA of the pathogenic R53C
CFH variant, associated with early-onset AMD.28 DAA
involves CFH binding to both C3b and Bb components of
C3bBb. GEM103 performed at least as well as sdCFH in
SPR-based DAA assays, consistent with the integrity of
GEM103 CCPs 1–4, wherein DAA resides.

Native CFH selectively protects self-cell surfaces using
primarily its C-terminal domains to recognize sialic acids
and glycosaminoglycans characteristic of human glycopro-
teins and proteoglycans.29–31 Poor protection of retinal cells
from such damage, due to defective CFH, likely contribute

Figure 3. Comparison of C3bBb-DAA of GEM103 and sdCFH. In this assay loss of Bb from immobilized C3bBb is monitored in real time. The curve shows the initial
formation of C3bBb on the surface (by flowing CFB and CFD over immobilized C3b) followed by its decay before and after addition of buffer or CFH at a range of
concentrations. Results are representative sensorgrams of duplicate measurements at 2684 RUs of immobilized C3b for: (A) GEM103; (B) sdCFH; and at 1108 RUs of
immobilized C3b for: (C) GEM103; and (D) sdCFH. C3b: Complement component 3b; C3bBb: C3 convertase; RUs: response units.
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to AMD pathogenesis. SEs have similar sialic acid residues
to human erythrocytes,32 and are protected by CFH from
complement-mediated lysis in human serum. GEM103 is
comparable to sdCFH in its ability to protect SEs from hem-
olysis by CFH-insufficient normal human serum. This sug-
gests that IVT administration of GEM103 in AMD patients
with reduced CFH functionality could increase the protec-
tion of local surfaces from dysregulated complement.

CFH has multiple non-canonical functions relevant to
ocular tissue homeostasis, such as the binding of C-reactive
protein, complement receptor 3, and malondialdehyde con-
jugates.33–35 The central CCPs of CFH are deemed import-
ant for some of these.15 Although we did not directly
address the functional integrity of these domains, the native
CFH-like ability of GEM103 to deploy simultaneously both
its N- and its C-terminal regions is consistent with integrity
of the connecting central segment.

Since it demonstrated equivalent activity and potency to
native human CFH in each of its canonical, AP-modulating,
functions, locally administered GEM103 has the potential to
restore complement regulation in AMD patients lacking
adequate levels of fully active, locally produced CFH.10

Hence the delivery of GEM103 by IVT injection to AMD
patients (carriers of AMD-risk variants known to comprom-
ise CFH production or activity) is a treatment modality war-
ranting further investigation.
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Figure 4. Sheep erythrocyte hemolysis assay, comparing GEM103 with sdCFH. In this assay, the ability of CFH, at a range of concentrations, to prevent the lysis of
SEs by CFH-depleted human serum is tested. The average normalized percent hemolysis ± standard deviation was plotted against GEM103 (solid line) or sdCFH
(dashed line) concentrations. A representative experiment of three independent experiments is shown. The dotted horizontal black line represents the interpolation
at 50% hemolysis and the dotted horizontal grey line represents the interpolation at 10% hemolysis, with the solid vertical lines representing this for GEM103 and
the dashed vertical lines representing this for sdCFH. SD: Standard deviation; sdCFH: serum-derived complement factor H.
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