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AlphaMissense versus 
laboratory-based pathogenicity 
prediction of 13 novel missense 
CPA1 variants from 
pancreatitis cases

We have read with great interest the study 
by Wang et al1 in which the authors eval-
uated the utility of the AlphaMissense 
prediction programme2 (https://alphamis-
sense.hegelab.org) in the classification 
of missense CPA1 variants with respect 
to pathogenicity in chronic pancreatitis. 
While the AI-driven prediction performed 
relatively well, the authors highlighted 
potential shortcomings that can limit its 
value in clinical practice. Defining the 
pathogenic potential of CPA1 variants 
detected in pancreatitis cases can be chal-
lenging because the mechanistic basis of 
disease risk is unrelated to loss of CPA1 

function and seems to be determined by 
mutation-induced misfolding and the 
ensuing endoplasmic reticulum (ER) 
stress.3–5 Recently, we used transiently 
transfected HEK 293T cells to measure 
the secretion efficiency and induction of 
BiP mRNA expression, a marker of ER 
stress, for 50 missense CPA1 variants from 
pancreatitis cases and healthy controls.6 
We found that the best predictor of patho-
genicity was loss of secretion (<10% of 
wild type) irrespective of BiP levels. This 
data set can serve as a reference for the 
assignment of clinical significance of novel 
CPA1 variants. In the present study, we 
set out to examine what fraction of novel 
CPA1 variants detected in real-world 
genetic testing can be classified as patho-
genic and whether AlphaMissense can 
replace laboratory-based functional anal-
ysis in variant prediction.

We collected 13 novel CPA1 missense 
variants that were recently identified in 

patients with pancreatitis from several 
international centres (online supplemental 
table S1). A query of gnomAD V.4.1.0 
revealed that nine variants had ultra-low 
allele frequency (≤0.008%) and four vari-
ants were absent. The variants have not 
been described in association with pancre-
atitis so far. Variant p.R386C was reported 
in two cases of pancreatic cancer.7 8 We 
used our previously published protocol6 9 
to measure proenzyme secretion and BiP 
mRNA levels (online supplemental table 
S2), and we plotted BiP levels as a func-
tion of secretion (figure  1). We included 
wild-type CPA1 and the p.N256K patho-
genic variant as reference constructs and 
expressed secretion as % wild type and 
BiP levels as % p.N256K. As observed 
previously,6 we found an inverse relation-
ship between proenzyme secretion and BiP 
mRNA expression; that is, lower secre-
tion levels were associated with high BiP 
values. Surprisingly, using the previously 
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Figure 1  Effect of 13 missense CPA1 variants on procarboxypeptidase A1 secretion and BiP mRNA expression in transiently transfected HEK 
293 T cells. Transfections (n=≥6) and measurements were carried out as described previously.6 9 Conditioned media and cells were harvested after 
48 hours. Secreted proenzyme levels were expressed as per cent of wild-type CPA1. BiP levels were first calculated as fold change over vector, and 
then expressed as per cent of the p.N256K value within the same experiment. For clarity, error bars have been omitted; SD values are listed in online 
supplemental table S2. AlphaMissense predictions are indicated by colour coding: red, pathogenic; grey, ambiguous; blue, benign. AlphaMissense 
scores are listed in online supplemental table S1. The dashed line indicates the 10% secretion cut-off value under which missense variants can be 
classified as pathogenic with high confidence.
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established conservative secretion cutoff 
value of <10%, only a single variant 
(p.R240W) was identified as pathogenic. 
This variant was found in four indepen-
dent paediatric recurrent acute pancre-
atitis cases; two of which also had a family 
history of the disease. We then colour-
coded the symbols for the individual 
mutations using a simplified AlpaMissense 
prediction scale; where red indicates likely 
pathogenic variants (score >0.564), blue 
highlights likely benign variants (score 
<0.34) and grey denotes ambiguous vari-
ants (score range 0.34–0.564). Strikingly, 
AlphaMissense misclassified three benign 
variants as likely pathogenic and desig-
nated two benign variants as ambiguous. 
We found that three of five miscatego-
rised variants were prone to degradation 
by trypsin (online supplemental table 
S2), confirming the reported observation 
that increased proteolytic susceptibility 
of CPA1 variants is often associated with 
erroneous prediction by AlphaMissense 
(see table 1 in Wang et al1).

The results indicate that laboratory-
based functional analysis of CPA1 vari-
ants is essential for accurate prediction 
of pathogenicity. In silico variant analysis 
with AlphaMissense cannot replace wet-
lab studies as the rate of erroneous predic-
tions is relatively high. AlphaMisense 
identifies variants with loss of catalytic 
function or susceptibility to proteolytic 
degradation as likely pathogenic, even 
though these properties are irrelevant to 
pancreatitis risk. Importantly, the majority 
of novel CPA1 variants detected during 
real-world genetic testing of pancreatitis 
cases are benign and should not be consid-
ered pathogenic without experimental 
verification.

Máté Sándor,1 Isabelle Scheers,2 
Atsushi Masamune,3 Heiko Witt,4 
Jessica LaRusch,5 Jian-Min Chen ‍ ‍ ,6 
Balázs Csaba Németh,7,8 Andrea Geisz,9 
Aliye Uc ‍ ‍ ,10 Miklós Sahin-Tóth ‍ ‍ 1

1Department of Surgery, University of California Los 
Angeles, Los Angeles, California, USA
2Department of Pediatric Gastroenterology and 
Hepatology, Cliniques universitaires Saint-Luc, 
Université Catholique de Louvain, Brussels, Belgium
3Division of Gastroenterology, Tohoku University 
Graduate School of Medicine, Sendai, Japan

4Paediatric Nutritional Medicine, Else Kröner-Fresenius 
Zentrum für Ernährungsmedizin (EKFZ), Technische 
Universität München (TUM), Freising, Germany
5Ariel Precision Medicine, Pittsburgh, Pennsylvania, USA
6Univ Brest, Inserm, EFS, UMR 1078, GGB, F-29200, 
Brest, France
7Center for Gastroenterology, Department of Medicine, 
Albert Szent-Györgyi Medical School, University of 
Szeged, Szeged, Hungary
8Hungarian Centre of Excellence for Molecular 
Medicine, Translational Pancreatology Research Group, 
Albert Szent-Györgyi Medical School, University of 
Szeged, Szeged, Hungary
9Department of Surgery, Boston University, Boston, 
Massachusetts, USA
10Stead Family Department of Pediatrics and 
Department of Radiation Oncology, University of Iowa, 
Iowa City, Iowa, USA

Correspondence to Dr Miklós Sahin-Tóth;  
​msahintoth@​mednet.​ucla.​edu

Collaborators  Anthony Raizis (Canterbury Health 
Laboratories, Christchurch, New Zealand), Kazuhiro 
Kikuta, Tetsuya Takikawa, Ryotaro Matsumoto, 
Shin Hamada, Hitomi Nakasuji (Tohoku University 
Graduate School of Medicine, Sendai, Japan), Nicole 
Revencu (Center for Human Genetics, Cliniques 
universitaires Saint-Luc, Brussels, Belgium), Cécile 
Libioulle (Laboratory of Molecular Genetics, CHU Liège, 
Brussels, Belgium), Péter Hegyi (Semmelweis University, 
Budapest, Hungary), Emmanuelle Masson (Univ Brest, 
Inserm, EFS, UMR 1078, GGB; CHRU Brest, Brest, 
France).

Contributors  Study concept and design: MS-T. 
Experiments: IS, AM, HW, JL, J-MC, BCN and AU 
contributed genetic data, MS performed the functional 
assays with help from AG. Acquisition, analysis or 
interpretation of data: all authors. Drafting of the 
manuscript: MS-T. Critical revision of the manuscript 
for important intellectual content: all authors. Obtained 
funding: MS-T. Administrative, technical or material 
support: all authors. Study supervision: MS-T. Final 
approval of manuscript as submitted: all authors. 
Guarantor of the article: MS-T.

Funding  This study was supported by the National 
Institutes of Health (NIH) grants R01 DK117809 
and R01 DK082412 to MS-T, grants U01 DK108334 
and R01 DK118752 to AU, and he EU’s Horizon 
2020 Research and Innovation Program under grant 
agreement No. 739593 to BCN.

Competing interests  None declared.

Patient consent for publication  Consent obtained 
from parent(s)/guardian(s).

Provenance and peer review  Not commissioned; 
internally peer reviewed.

Supplemental material  This content has been 
supplied by the author(s). It has not been vetted by 
BMJ Publishing Group Limited (BMJ) and may not have 
been peer-reviewed. Any opinions or recommendations 
discussed are solely those of the author(s) and are 
not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the 

content. Where the content includes any translated 
material, BMJ does not warrant the accuracy and 
reliability of the translations (including but not limited 
to local regulations, clinical guidelines, terminology, 
drug names and drug dosages), and is not responsible 
for any error and/or omissions arising from translation 
and adaptation or otherwise.

© Author(s) (or their employer(s)) 2024. No 
commercial re-use. See rights and permissions. 
Published by BMJ.

	► Additional supplemental material is published 
online only. To view, please visit the journal online 
(https://​doi.​org/​10.​1136/​gutjnl-​2024-​333697).

To cite Sándor M, Scheers I, Masamune A, et al. Gut 
Epub ahead of print: [please include Day Month Year]. 
doi:10.1136/gutjnl-2024-333697

Received 22 August 2024
Accepted 24 August 2024

Gut 2024;0:1–2. doi:10.1136/gutjnl-2024-333697

ORCID iDs
Jian-Min Chen http://orcid.org/0000-0002-2424-3969
Aliye Uc http://orcid.org/0000-0003-2004-5743
Miklós Sahin-Tóth http://orcid.org/0000-0003-4513-​
9922

REFERENCES
	1	 Wang Y-H, Masson E, Liao Z, et al. Strengths and 

limitations of AlphaMissense in CPA1 missense variant 
classification. Gut 2024. 

	2	 Cheng J, Novati G, Pan J, et al. Accurate proteome-wide 
missense variant effect prediction with AlphaMissense. 
Science 2023;381:eadg7492. 

	3	 Witt H, Beer S, Rosendahl J, et al. Variants in CPA1 are 
strongly associated with early onset chronic pancreatitis. 
Nat Genet 2013;45:1216–20. 

	4	 Sahin-Tóth M. Genetic risk in chronic pancreatitis: the 
misfolding-dependent pathway. Curr Opin Gastroenterol 
2017;33:390–5. 

	5	 Hegyi E, Sahin-Tóth M. Human CPA1 mutation causes 
digestive enzyme misfolding and chronic pancreatitis in 
mice. Gut 2019;68:301–12. 

	6	 Sándor M, Sahin-Tóth M. Functional predictors of 
pathogenicity of missense CPA1 variants in chronic 
pancreatitis. Gut 2024;73:1589–90. 

	7	 Tamura K, Yu J, Hata T, et al. Mutations in the pancreatic 
secretory enzymes CPA1 and CPB1 are associated 
with pancreatic cancer. Proc Natl Acad Sci USA 
2018;115:4767–72.

	8	 Kawamoto M, Kohi S, Abe T, et al. Endoplasmic 
stress-inducing variants in CPB1 and CPA1 and risk 
of pancreatic cancer: A case-control study and meta-
analysis. Int J Cancer 2022;150:1123–33. 

	9	 Sándor M, Thiel FG, Schmid M, et al. Novel p.G250A 
mutation associated with chronic pancreatitis highlights 
misfolding-prone region in carboxypeptidase A1 (CPA1). 
Int J Mol Sci 2022;23:15463. 

P
rotected by copyright.

 on S
eptem

ber 24, 2024 at U
niversity of S

zeged S
zte E

gyetem
i K

onyvtar.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2024-333697 on 10 S

eptem
ber 2024. D

ow
nloaded from

 

https://dx.doi.org/10.1136/gutjnl-2024-333697
https://dx.doi.org/10.1136/gutjnl-2024-333697
http://orcid.org/0000-0002-2424-3969
http://orcid.org/0000-0003-2004-5743
http://orcid.org/0000-0003-4513-9922
https://doi.org/10.1136/gutjnl-2024-333697
http://crossmark.crossref.org/dialog/?doi=10.1136/gutjnl-2024-333697&domain=pdf&date_stamp=2024-09-10
http://orcid.org/0000-0002-2424-3969
http://orcid.org/0000-0003-2004-5743
http://orcid.org/0000-0003-4513-9922
http://orcid.org/0000-0003-4513-9922
http://dx.doi.org/10.1136/gutjnl-2024-332120
http://dx.doi.org/10.1126/science.adg7492
http://dx.doi.org/10.1038/ng.2730
http://dx.doi.org/10.1097/MOG.0000000000000380
http://dx.doi.org/10.1136/gutjnl-2018-315994
http://dx.doi.org/10.1136/gutjnl-2023-331105
http://dx.doi.org/10.1002/ijc.33883
http://dx.doi.org/10.3390/ijms232415463
http://gut.bmj.com/

	AlphaMissense versus laboratory-­based pathogenicity prediction of 13 novel missense ﻿CPA1﻿ variants from pancreatitis cases
	References


