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Towards key scientific questions in the diagnosis and
treatment of rare diseases: Summary from the 297th
Meeting of the Shuangqging Forum

In China, rare diseases are defined as having a birth incidence
of less than 1/10 000, or a prevalence of less than 1/10 000 or
less than 140 000 patients. Over 7 000 rare diseases affect
more than 20 million people in China. Many conditions are
misdiagnosed or undiagnosed and most have no treatment,
resulting in a huge burden on patients, their families, and the
national economy. At the 297th Shuangqing Forum of the
National Natural Science Foundation of China, we highlighted
the challenges and potential solutions to achieve precision
medicine for undiagnosed and rare diseases.

Of the approximately 7 000 rare diseases, more than 80%
are considered genetic. Thus far, however, pathogenic
variants in genes have only been identified in 20%—40% of
these conditions, with most located in protein-coding regions
(NIH, 2022; Shire, 2013). Non-protein-coding sequences
occupy 98% of the human genome and, depending on their
localization and specific interactions with DNA, RNA, and
proteins, play key regulatory roles in nearly 93% of diseases
(Ding et al., 2021; Hindorff et al., 2009; Liu et al., 2020;
Statello et al., 2021). Non-Mendelian inheritance patterns
(e.g., oligogenic inheritance), gene-environment interactions,
epigenetics, and other chemical modifications of biomolecules
(e.g., glycosylation) also warrant further attention to
understand the pathogenic mechanisms  underlying
undiagnosed and rare diseases (Fitz-James & Cavalli, 2022;
Kousi & Katsanis, 2015; Oh & Petronis, 2021; Wang et al.,
2020). Furthermore, an increasing number of researchers are
using systems biology approaches to study the genetic basis
of complex diseases, integrating multiple layers representing
different scales of biological organization, from the genome to
the transcriptome and phenome (Buphamalai et al., 2021;
Wong et al, 2021). These integrated multi-level data
approaches provide new insights into the characteristics of
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undiagnosed and rare diseases, thereby facilitating the
implementation of next-generation sequencing in clinical
diagnosis. In addition, as most existing large-scale studies are
limited to European and American enrollment, it is necessary
to establish national rare disease cohorts (including
longitudinal cohorts) and disease-oriented biobanks in China,
such as the GSRD-100K"C" project launched by the West
China Hospital of Sichuan University. A national research
network is also needed to encourage data sharing and reuse.
These innovative research methods, coupled with the
increasing availability of population-based data, will increase
the discovery rate of causative genes and improve the
diagnosis of undiagnosed and rare diseases.

The lack of suitable models for rare diseases has been a
barrier to studying disease mechanisms and developing
treatment strategies. Human-induced pluripotent stem cells
(iPSCs) are well suited for modeling rare diseases as they
have the capacity for self-renewal and pluripotency.
Furthermore, given the rarity of most monogenic diseases,
combining clustered regularly interspaced short palindromic
repeats (CRISPR) and iPSCs is a promising approach to
determine the pathogenicity of genetic variants (Guo et al.,
2021). Gene-edited iPSCs may also be a source of cellular
immunotherapy. In  combination with high-throughput
screening technology, iPSC-derived cells and organoids can
be effective tools for screening drug candidates, with
implications for the design of therapeutic strategies (Kim et al,,
2020; Ryu et al., 2021). At present, animal models do not exist
for most rare diseases, and available models are largely
limited to rodents due to technical barriers and cost.
Furthermore, the gap between rodents and humans is larger
than previously understood, especially for diseases related to
cognitive function. Therefore, animal models that more closely
resemble humans, e.g., non-human primates (Nakamura et
al., 2021) and their close relatives (e.g., tree shrews) (Yao,
2017), are needed to evaluate potential causal genes and
therapies. Several recent developments, including gene-
editing techniques (e.g., CRISPR-Cas) and semi-cloning
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technology mediated by sperm-like stem cells, have enabled
the development of animal disease models predicted to have
strong translational relevance (Wang et al., 2020). There is an
urgent need to establish a framework for effectively modeling
rare diseases at scale using multidisciplinary approaches,
which is essential for understanding disease mechanisms and
testing prospective therapies.

Rare diseases often exhibit high phenotypic heterogeneity
at the early stage, which inevitably affects both diagnosis and
treatment. The development of next-generation sequencing
technology has made it possible to establish precise clinical
diagnosis patterns based on a combination of phenotypes and
genotypes, which are especially suitable for rare diseases
(The 100 000 Genomes Project Pilot Investigators, 2021;
Wright et al, 2018). Novel transformative artificial
intelligence/machine learning (Al/ML) strategies and computer
automation have been developed to integrate and interpret
multi-omics data (Ma et al., 2020). Thus, clinical diagnosis
patterns should shift from the classic phenotype-driven model
to a genotype-driven sub-molecular model, and precise
treatment and disease early warning systems for rare
diseases could be established based on both genotypes and
phenotypes. The dynamic mapping relationship between
genotype and phenotype during disease progression also
needs to be further explored (Buphamalai et al., 2021; Wong
etal., 2021).

At present, ~263—446 million people worldwide are affected
by rare diseases, yet it is estimated that less than 5% of
known rare diseases have at least one approved drug for
treatment (Nguengang Wakap et al., 2020). Shortages and
poor accessibility to orphan drugs remain significant issues in
China. Among the 121 rare diseases published in 2018 (first
list of rare diseases in China), only 36 have approved
pharmacotherapy. There are multiple challenges inherent in
developing orphan drugs, including limited understanding of
most rare diseases, difficulties in patient enroliment and
clinical trial design, and risk of financial unsustainability
(Nguengang Wakap et al., 2020). In this context, traditional
models of development are inefficient and a new framework is
required. In addition to exploring new therapeutic targets, the
molecular and pathophysiological mechanisms shared by
multiple rare diseases deserve more attention (Tambuyzer et
al., 2020). Drug repurposing is an attractive strategy for
expanding potential drug candidates for therapy, and greatly
reduces the time and cost of drug development
(Beijersbergen, 2020). For rare monogenic diseases, gene
therapy efficiency can be optimized by improving gene-editing
technology and vector delivery systems. More importantly,
researchers with expert knowledge in different fields are
strongly encouraged to collaborate to develop novel gene and
cell therapy products.

Investigations of undiagnosed and rare diseases require
multidisciplinary and multisectoral cooperation. Herein, we
propose to establish a research alliance, including basic and
clinical researchers, institutions, and funding agencies, to
promote the development of precision medicine for
undiagnosed and rare diseases. Over the next few years, we
expect to gain deeper insight into the pathogenic mechanisms
and therapeutic strategies of such diseases.
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