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Abstract

Tissue remodelling and fibrosis which occur in response to injury play a central role in the development of many diseases.
Chymase is a key enzyme believed to mediate these pathological processes. As such, chymase inhibitors have been under
active development for the treatment of a number of conditions. To investigate the impact of reduced chymase function,
we constructed a genetic score from two pLoF mutations in the gene encoding chymase and tested its association with dis-
eases and biomarkers. Our study found no association between the genetically-predicted reduced chymase function score
and heart failure, chronic kidney disease or other predefined conditions. We additionally found no association of the score
with any physical measurements or biomarkers. Our results provide no evidence in support of chymase inhibition as a novel
therapeutic strategy for the treatment or prevention of heart failure, chronic kidney disease or major cardiovascular events,

as previously proposed.
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CKB China Kadoorie Biobank
RCF  Reduced chymase function

Chymase is a serine protease secreted from mast cells in
response to tissue injury and inflammation. It is encoded in
humans by the CMA I gene. The enzyme contributes, via its
role in conversion of Angiotensin I to Angiotensin II and
activation of the proteins MMP-9 and TGF-f, towards the
processes of fibrosis and tissue remodelling which underlie
the pathology of numerous diseases [1]. Thus, chymase inhi-
bition may represent a novel treatment for various chronic
conditions.

Animal studies showed that cardiac fibrosis and renal dys-
function can be reduced by chymase inhibition, leading to
the hypothesis that chymase inhibitors may be beneficial for
treatment of heart failure (HF) and chronic kidney disease
(CKD) [1, 2]. However, the relevance of these results to
humans is unclear, particularly, as the model animals stud-
ied express multiple chymase isoforms [2]. Phase 1 clinical
trials have provided evidence on the safety but not efficacy
of chymase inhibitors [1]. To inform ongoing and future
clinical development programmes, we used predicted loss-
of-function (pLoF) mutations within CMAI to assess the
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potential clinical utility and safety of chymase inhibition for
the treatment/prevention of HF, CKD and other conditions,
in a large prospective biobank study.

We identified two variants in CMAI, rs150310098
and rs13306254, that were high confidence pLoF muta-
tions (https://gnomad.broadinstitute.org). It is predicted
that rs150310098 causes loss of a splice donor site while
rs13306254 introduces an early stop codon, with both pre-
dicted to result in reduced levels of functional chymase.
The two variants are present at appreciable frequencies
(~ 1% minor allele frequency [MAF]) in East Asians but
are rare (MAF < 1 x 107*) in other ancestries. To investigate
the impact of these pLoF variants, we used data on up to
100,578 genotyped participants from the China Kadoorie
Biobank (CKB) [3] of adults from ten areas of China, with
follow-up via linkage to disease and death registries and
hospital admission records. The variants are present on
different haplotypes (LD R*=1.2x 10~*) and were com-
bined additively into an unweighted score for genetically-
predicted reduced chymase function (RCF). Using linear
and logistic regression models, we associated the genetic
score with a range of physical measurements, biomarkers
and disease endpoints. Primary endpoints were selected
based on the main indications in clinical development pro-
grammes. Secondary endpoints were selected to assess
potential adverse effects or alternative indications for chy-
mase inhibition.

N Beta (95% CI) P-value
Physical measurements. H
Standing height 70,802 ] -0.03(-0.06,0.00)  0.05
BMI 70,801 —_— -0.01(-004,002)  0.54
WHR 70,802 —_— -0.02(-0.05,001)  0.19
sBP 70,802 —_— 000(-0.03,003) 081
DBP 70,802 —_— 001(-0.04,002) 067
Heart rate 70,802 —_— 0.01(-0.02,0.04)  0.70
log Random glucose 70,107 — 001(-0.04,002) 036
FVC max 59,440 —_ 001(-0.01,004) 027
FEV1 max 59,440 — 001(-0.01,004) 031
log F-ratio 59,440 — 0.00(-0.03,003) 081

Clinical biochemistry measurements

Lipids and lipoproteins

HDL-cholesterol 16,894 -0.06(-0.12,0.00)  0.06
LDL-cholesterol 16,894 —_— 0.04(-0.10,002)  0.20
Triglycerides 16,892 B e — 0.03(-0.03,0.09) 039
Total cholesterol 16,894 —_— 0.03(-0.09,0.03) 039
Lipoprotein (a) 16,894 _ . 002(-0.08,004) 049

Apolipoprotein A1
Apolipoprotein B
Renal function

16,894
16,894

-0.11,001) 0.1
-0.02(-0.08,0.05  0.62

Cystatin C 15,312 (-0.07, 0.04) 0.68
log Creatinine 16,892 _— 0.00(-0.06,0.06)  0.93
eGFR 16,892 . 0.06,0.04) 078
Liver function '

Albumin 15,820 B — 001(-0.05,007)  0.85
Alanine aminotransferase 16,894 _— -0.05(-0.11,0.00)  0.07
Aspartate aminotransferase 16,894 _— -0.03(-0.09,0.03) 029
Gamma-glutamy transferase 15,644 B —— -0.02(-0.06,0.02)  0.32
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log C-reactive protein 16,891 B —— -0.05,007) 070

Fibrinogen 8,751 —_— -0.05,0.10) 054

Other :

Vitamin D 8503 — @ 0.05(-0.13,0.03)  0.25

Uric acid 15,638 _— 0.02(-0.05,0.08)  0.62
-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15

Effect (95% CI), SD, per RCF score effect allele

Fig. 1 Association of a reduced chymase function (RCF) genetic
score with physical measures, biomarkers and disease endpoints.
A Results were estimated from the linear regression of each physi-
cal measure/biomarker against the genetically-predicted RCF score,
including adjustment for age, age”, sex, case ascertainment where
appropriate and regional principal components. The analysis was
stratified by study region and an inverse variance fixed-effects model

In CKB, rs150310098 and rs13306254 had an overall
MAF of 0.013 (range by 10 study areas 0.009-0.016) and
0.017 (0.010-0.023), respectively. There was no significant
association between genetically predicted RCF and physi-
cal measurements or biomarkers (P < 0.002; Bonferroni
adjusted threshold) (Fig. 1A). Of note, the RCE score had
no association with three quantitative measures of kidney
function; cystatin C, creatinine and eGFR (N ~17,000).
In~ 5500 participants with creatinine measured using
NMR, there was also no association between the score and
creatinine levels (Beta= —0.01 SD, 95% CI (- 0.10, 0.08),
P =0.83). Genetically-predicted RCF had no association
with blood pressure or heart rate (Fig. 1A). This is in line
with findings from the phase 1 clinical trial, which found
chymase inhibitors had no impact on these traits despite
the role of angiotensin II in modulation of blood pressure
[1]. We also assessed associations of the score with 12
ECG variables, 225 metabolites (Nightingale NMR plat-
form) and 92 proteins (OLINK immune-oncology panel)
measured in smaller subsets of participants but found no
significant associations (data not shown).

Genetically-predicted RCF was not significantly asso-
ciated with the pre-defined primary study endpoints: HF,
CKD or major cardiovascular events (Fig. 1B). Similarly,
there were no associations of the score with the second-
ary disease endpoints (Fig. 1B). Notably, we found no
association with asthma or atrial fibrillation, conditions

Cases Controls OR (95% Cl) P-value

Primary endpoints

Heart failure 1701 74932 0.81(0.65,1.01) 0,06
Chronic kidney disease 2074 74324 —_— = 0.91(0.76, 1.10) 034
Major vascular events 27,202 63,994 —F 101(0.94,1.08)  0.84
Secondary endpoints :

Ischaemic stroke 15,731 67,045 + 1.00(0.93,1.08)  0.97
Intracerebral haemorrhage 7,085 74,341 4-—%— 0.96 (0.86,1.07)  0.46
Total stroke 21248 66,048 — 0.97(090,1.04) 037
Myocardial infarction 3846 74370 —_— 108(0.94,124) 025
Major coronary events 5699 73637 [ 1.06(0.95,120) 030
Fatal cardiovascular disease 10,748 72,383 JR 103(0.94,1.14) 049
Diabetes 7711 70264 — 0.95(0.86,1.05)  0.36
Cancer 6670 70,798 e — 101(090,1.12) 082
COPD 8734 72,606 — 1.08(0.98,1.20) 0.1
Chronic ver disease 1510 74650 —_— 103(083,126) 081
Chronic inflammatory disease 1,002 74,985 - 115(091,145) 024
Non-vascular mortality 8262 70928 — 1.04(094,115) 050
Asthma 1,001 75211 _—— 096(0.75,1.24) 077
Atral fibrillation 281 75546 ; 111(070,176) 066

06 08 1.0 12 14 16

OR (95% C), per RCF score effect allele

was used to meta-analyse the effect estimates. Threshold for signifi-
cance after Bonferroni correction for 28 tests,>x=0.002. B Results
estimated from the logistic regression of each endpoint against the
genetically-predicted RCF score, including adjustment for age, age?,
sex, study region and 12 national principal components. Threshold
for significance after Bonferroni correction for 17 tests,x=0.003
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suggested to be affected by the downstream consequences
of chymase’s enzymatic activity and previously reported
to show associations with non-functional variants within
CMAI [4, 5].

The low MAF of the variants and low case numbers for
HF and CKD meant our study had ~80% power to detect an
effect size of 1.8 for these conditions, but was underpowered
to reject the null hypothesis for smaller effect sizes. To fur-
ther investigate the impact of RCF, we combined the effect
sizes of the pLOF variants from GWAS summary statistics
for HF and nephrotic syndrome in Biobank Japan (http://
jenger.riken.jp/en/result) into a single effect size for the RCF
score using fixed-effects meta-analysis. Neither condition
showed a significant association with the genetically-pre-
dicted RCF score in Biobank Japan (HF: total cases =9413,
OR=0.96, 95% CI (0.84-1.09), P=0.54; Nephrotic syn-
drome: total cases =957, OR=0.82, 95% CI (0.55-1.22),
P=0.33).

These results provide no evidence in support of chymase
inhibition as a novel therapeutic option for the treatment
or prevention of HF, CKD or major cardiovascular events,
as previously proposed [1]. Given that the variants studied
were rare in Europeans, this work highlights the importance
of large, ancestrally diverse cohorts which widen the avail-
able pool of pLoF variants, and supports the use of genetic
approaches to provide insights into drug target development.
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