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Background: Bibliometrics can trace general research trends in a particular field.
Mucopolysaccharidoses (MPS), as a group of rare genetic diseases, seriously
affect the quality of life of patients and their families. Scholars have devoted
themselves to studying MPS’s pathogenesis and treatment modalities and have
published many papers. Therefore, we conducted a bibliometric and visual study
of the top 100 most highly cited articles to provide researchers with an indication
of the current state of research and potential directions in the field.

Methods: The Web of Science Core Collection was searched for articles on MPS
from 1 January 1900, to 8 November 2023, and the top 100 most cited articles
were screened. The title, year of publication, institution, country, and first author
of the articles were extracted and statistically analyzed using Microsoft Excel
2007. Keyword co-occurrence and collaborative networks were analyzed using
VOSviewer 1.6.16.

Results: A total of 9,273 articles were retrieved, and the top 100 most cited
articles were filtered out. The articles were cited 18,790 times, with an annual
average of 188 citations (122–507). Forty-two journals published these articles,
with Molecular Genetics and Metabolism and Proceedings of the National
Academy of Sciences of the United States being the most published journal
(N = 8), followed by Pediatrics (N = 7), Blood (N = 6). The United States (N = 68),
the UK (N = 25), and Germany (N = 20) were the top contributing countries. The
Royal Manchester Children’s Hospital (N = 20) and the University of North
Carolina (N = 18) were the most contributing institutions. Muenzer J was the
most prolific author (N = 14).

Conclusion:We conducted a bibliometric and visual analysis of the top 100 cited
articles in MPS. This study identifies themost influential articles currently available
in the field of MPS, which provides a good basis for a better understanding of the
disease and informs future research directions.
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1 Introduction

Mucopolysaccharidoses (MPSs) are a rare and heterogeneous group of inherited
lysosomal storage disorders that can be classified into seven major disorders, including
11 subtypes (Kobayashi, 2019). The combined incidence of all MPS ranges from 1.53 to
4.8 cases per 100,000 live births and is characterized by progressive multiorgan involvement
(Pinto et al., 2004; Khan et al., 2017). MPS is caused by defects in genes coding for different
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lysosomal enzymes degrading glycosaminoglycans (GAG), such as
heparan sulfate (HS), chondroitin sulfate (CS), dermatan sulfate
(DS) and keratan sulfate (KS). The deficient enzyme activity leads to
systemic storage of GAG and a wide range of clinical manifestations
(Puckett et al., 2021). For example, accumulation of GAG in growth
plates and articular cartilage accelerates chondrocyte apoptosis and
inflammation, leading to growth failure, limited joint range of
motion, and reduced mobility (Clarke, 2011). Accumulation of
GAG in the eye can lead to a variety of ocular comorbidities
such as corneal clouding, glaucoma, retinopathy, and ocular
nerve involvement, which can result in visual disability (Nagpal
et al., 2022). There are also significant neurocognitive symptoms
associated with MPS, such as developmental delays, behavioral
disorders, and hydrocephalus (Shapiro and Eisengart, 2021).
These disease manifestations seriously affect the quality of life of
patients and their families. Scholars have devoted themselves to
studying the pathogenesis and treatment modalities of MPS,
exploring the efficacy and pitfalls of therapeutic modalities such
as hematopoietic stem cell transplantation (HSCT), enzyme
replacement therapy (ERT), and gene therapy (GT), and many
papers have been published.

Citation analysis is essential to bibliometrics, identifying the
most influential works in MPS(J. J. Zhou et al., 2017; Zhu et al.,
2021). In general, the more citations an article has received, the more
valuable and significant it is in the field (Kreutzer et al., 2017).
Identifying the most cited works is crucial for clinicians or
researchers in related fields to identify the most active areas and
help guide future work. Therefore, this method is widely used in
other areas of literature analysis (Karslı and Tekin, 2021; Liu et al.,
2022) to identify high-quality articles in the field. However, few
analyses have reported the most cited works on MPS. Hence, this
study aimed to conduct a longitudinal review of the research in this
field to provide a comprehensive picture of the research in the field
and to identify the top 100 most cited articles on MPS in Web of
science (WoS) in an effort to identify important contributions to the
literature in the field as well as to provide direction for
future research.

2 Materials and methods

2.1 Data sources

The number of citations of the same article in different databases is
not the same, in order to avoid inconsistency in the results, so we choose
only one database to search (Zhang et al., 2023). The Web of Science
Core Collection (WoSCC) is the most extensively utilized database in
academic research (L. Chen et al., 2023; Liu et al., 2024; Zhou et al.,
2023), so we searched theWoSCC for articles related toMPS and sorted
them in descending order of citations to filter the top 100 most-cited
articles. The search was performed using the following terms:
TI=(mucopolysaccharidosis) OR TI=(Mucopolysaccharidoses) OR
TI=(Mucopolysaccharide Diseases) OR TI=(Mucopolysaccharides)
OR TI=(MPS) OR TI=(Hurler syndrome) OR TI=(Hunter
syndrome) OR TI=(Sanfilippo syndrome) OR TI=(Morquio
syndrome) OR TI=(Marateaux-Lamy syndrome) OR TI=(Sly
syndrome) OR TI=(Hyaluronidase deficiency), the language is set to
English, the type of article is not limited, and the period from 1 January

1900 to 8November 2023. Two investigators agreed on the search terms
and independently screened the articles by reading the abstract or full
text. If disagreements were encountered, a third researcher exercised
judgment. This study did not require ethical approval as all data were
obtained from publicly available WoS databases. (Figure 1).

2.2 Data extraction and organization

We extracted the following data from each article: title of the
article, year of publication, first author, research institution and
country (whichever is the first author), name of the journal in which
the article was published, Journal Citation Reports (JCR) partition
(if there are more than one partition, the highest division counts),
impact factor, number of citations, type of article, average number of
citations received after publication of each article, and WOS
category (if it belongs to more than one category, the first one
will be the most important). For the country information extracted
from the study, we categorized Taiwan as China (Gao et al., 2019;
Huang et al., 2023).

2.3 Statistical analysis

Descriptive statistical analysis of the articles was performed
using Microsoft EXCEL 2007, containing title, year of
publication, journal of publication, overall number of citations,
average number of citations, impact factor, etc.; Correlation
analysis was performed using SPSS 24.0, using the Pearson’s
correlation coefficient (R) to determine that the difference was
considered statistically significant when p < 0.05; Knowledge
graphical analysis was performed using VOSviewer1.6.16 for
knowledge graph analysis to map the collaborative network
between countries, institutions and authors. The network
contains three features: node size, connectivity, and color. A
node represents a specific element such as country, author, or
institution; the node’s size indicates the number or frequency of
publications, and the node’s color indicates the year in which the
article was published. The lines between nodes represent the number
of times they appear together.

3 Result

3.1 Descriptive statistics

Based on the above search formula, we retrieved 9,273 articles
related to MPS and filtered out the top 100 most cited documents.

3.2 Publication year, citation

Years of publication for the top 100 articles ranged from 1979 to
2017, articles published in 2018–2023 were not included. The annual
publication rate varied from one to seven articles per year, with a
majority of the articles (69%) being published since 1998. Notably,
the highest number of articles (n = 7) was published in
2011. (Figure 2).
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The top 100 articles were cited 18,790 times, with an annual
average of 188 citations (122–507). There were 23 articles with more
than 200 citations. A highly significant correlation existed between
total citations and average annual citations (rs = 0.653, p < 0.001).
There was no significant correlation between total citations and
article age (rs = −0.007, p = 0.946). There was a significant
correlation between average annual citations and article age
(rs = −0.668, p < 0.001).

3.3 Article types and contents

The articles were ranked in descending order of citations to
obtain the top 100 highly cited articles (Table 1). Among them,
85 were original articles and 15 were review articles.

We found these articles mainly focused on the epidemiology,
drug treatment trials, animal experiments, identification and
diagnosis, management, and treatment guidelines of MPS by

FIGURE 1
Flowchart of literature selection and analysis.
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reading the titles or abstracts. These articles belong to 17 categories
of Web of Science, of which the top three are Genetics and Heredity
(N = 18), Pediatrics (N = 18), and Endocrinology and Metabolism
(N = 13) (Table 2). Bone marrow transplantation (BMT), enzyme
replacement therapy, lysosomal storage disease, hurler syndrome,
hunter-syndrome, and central nervous system (CNS) were the high-
frequency keywords that appeared (Figure 3).

3.4 Journal analysis

Forty-two journals published these articles; Table 3 shows
the top 10 journals with more than three publications. Of these,
Molecular Genetics and Metabolism and Proceedings of the
National Academy of Sciences of the United States of
America was the most published journal (N = 8), followed by
Pediatrics (N = 7). The IF of 42 journals varied from 1.2 to 158.5.
There were 22 journals with an IF < 5.000, 11 from 5.000–10.000,
nine with an IF > 10.000, and three journals with an IF > 40.
Three journals were not included in the 2022 edition of the JCR.
The journal with the highest IF (158.5) was the New England
Journal of Medicine, which published three of the most cited
articles. Nine of the top 15 journals in the JCR are in Q1, five are
in Q2, and one is in Q3.

3.5 Analysis of country

A total of 25 countries published these 100 papers. Table 4 shows
the top ten countries with the most publications. Among the top
100 most cited articles, the USA (N = 68) contributed the most,
followed by the UK(N = 25) and Germany (N = 20). When ranked

by the average number of citations per article, the top three are
Canada (226), Germany (212), and the UK (199). A vast network of
collaborations has been formed in this field, with the United States of
America, UK, and Germany having very close
collaborations (Figure 4).

3.6 Analysis of institution

A total of 234 institutions contributed to the one hundred
articles. Table 5 shows the top 10 institutions contributing seven
or more articles, six from the United States of America. The most
significant contributor was Royal Manchester Children’s Hospital
(N = 20) from the UK, followed by the University of North Carolina
with 18 articles, Biomarin Pharmaceut Inc. and the University of
Minnesota both with 13 articles. Led by the top institutions, the
institutions collaborated extensively and closely, forming a more
extensive collaborative network (Figure 5).

3.7 Analysis of author

557 authors contributed to 100 articles, and Table 6 shows the
top 10 authors who contributed the most to these 100 articles.
Muenzer J was the most prolific author, with 14 publications and
3,487 citations. This scholar mainly focused on treating MPS type II,
i.e., Hunter’s syndrome (Muenzer et al., 2006; Muenzer et al., 2007;
Muenzer, 2014). This was followed by Harmatz, P (N = 12) and
Hopwood, JJ (N = 12). Muenzer, J and Harmatz, P are both from the
United States of America, and Hopwood, JJ is from Australia. After
visually analyzing author collaborations using VOSviewer and
plotting the knowledge graph several times, the minimum

FIGURE 2
Publishing years of the 100 top-cited articles on mps.
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TABLE 1 100 top-cited articles on MPS.

Rank First author Article title Journal Publication
year

Total
citation

Average
Annual
Citation

Country

1 Kakkis, ED Enzyme-Replacement Therapy
in Mucopolysaccharidosis I

New England Journal of
Medicine

2001 507 23 United States of
America

2 Koç, ON A Phase II/III Clinical Study of
Enzyme

Bone Marrow
Transplantation

2002 498 24 United States of
America

Allogeneic Mesenchymal Stem
Cell Infusion for Treatment of

Metachromatic
Leukodystrophy (MLD) and
Hurler Syndrome (MPS-IH)

3 Muenzer, J A Phase II/III Clinical Study of
Enzyme Replacement Therapy

with Idursulfase in
Mucopolysaccharidosis II

(Hunter Syndrome)

Genetics in Medicine 2006 442 26 United States of
America

4 Wraith, JE Enzyme Replacement Therapy
for Mucopolysaccharidosis I: A
Randomized, Double-Blinded,

Placebo-Controlled,
Multinational Study of

Recombinant Human A-L-
Iduronidase (Laronidase)

Journal of Pediatrics 2004 427 22 United Kingdom

5 Snyder, EY Neural Progenitor-Cell
Engraftment Corrects
Lysosomal Storage

Throughout the MPS-VII
Mouse-Brain

Nature 1995 398 14 United States of
America

6 Staba, SL Cord-blood transplants from
unrelated donors in patients
with Hurler’s syndrome

New England Journal of
Medicine

2004 344 18 United States of
America

7 Ohmi, K Activated Microglia in Cortex
of Mouse Models of

Mucopolysaccharidoses I and
IIIB

Proceedings of The
National Academy of

Sciences of The
United States of

America

2003 344 17 United States of
America

8 Wraith, JE Mucopolysaccharidosis Type
II (Hunter Syndrome): A

Clinical Review and
Recommendations for
Treatment in the Era of

Enzyme Replacement Therapy

European Journal of
Pediatrics

2008 331 22 United Kingdom

9 Muenzer, J Mucopolysaccharidosis I:
Management and Treatment

Guidelines

Pediatrics 2009 315 23 United States of
America

10 Muenzer, J Overview of the
Mucopolysaccharidoses

Rheumatology 2011 307 26 United States of
America

11 Baehner, F Cumulative Incidence Rates of
the Mucopolysaccharidoses in

Germany

Journal Of Inherited
Metabolic Disease

2005 291 16 Germany

12 Harmatz, P Enzyme Replacement Therapy
for Mucopolysaccharidosis VI:

A Phase 3, Randomized,
Double-Blind, Placebo-
Controlled, Multinational

Study of Recombinant Human
N-Acetylgalactosamine 4-
Sulfatase (Recombinant

Human Arylsulfatase B or
Rhasb) And Follow-On, Open-

Label Extension Study

Journal Of Pediatrics 2006 287 17 United States of
America

(Continued on following page)
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TABLE 1 (Continued) 100 top-cited articles on MPS.

Rank First author Article title Journal Publication
year

Total
citation

Average
Annual
Citation

Country

13 Birkenmeier, EH Murine
Mucopolysaccharidosis Type-
VII - Characterization of A

Mouse with Beta-
Glucuronidase Deficiency

Journal of Clinical
Investigation

1989 272 8 United States of
America

14 Valstar, MJ Sanfilippo Syndrome: A Mini-
Review

Journal of Inherited
Metabolic Disease

2008 256 17 Netherlands

15 Peters, C Hurler Syndrome: II. Outcome
of HLA Genotypically

Identical Sibling And HLA-
Haploidentical Related Donor
Bone Marrow Transplantation

in Fifty-Four Children

Blood 1998 256 10 United States of
America

16 Wilson, PJ Hunter Syndrome - Isolation
of An Iduronate-2-Sulfatase

Cdna Clone

Proceedings of the
National Academy of

Sciences of the
United States of

America

1990 249 8 Australia

And Analysis of Patient DNA

17 Peters, C Outcome of Unrelated Donor
Bone

Blood 1996 247 9 United States of
America

Marrow Transplantation in
40 Children with Hurler

Syndrome

18 Clarke, LA Long-Term Efficacy and Safety
of Laronidase in the Treatment
of Mucopolysaccharidosis I

Pediatrics 2009 245 18 Canada

19 Valayannopoulos,
V

Mucopolysaccharidosis VI Orphanet Journal of
Rare Diseases

2010 223 17 France

20 Aldenhoven, M Long-Term Outcome of
Hurler Syndrome Patients
after Hematopoietic Cell
Transplantation: An

International Multicenter
Study

Blood 2015 217 27 Netherlands

21 Martin, R Recognition and Diagnosis of
Mucopolysaccharidosis II

(Hunter Syndrome)

Pediatrics 2008 214 14 United States of
America

22 Wolfe, JH Reversal of Pathology in
Murine

Nature 1992 211 7 United States of
America

Mucopolysaccharidosis Type-
VII By Somatic-Cell Gene-

Transfer

23 Harmatz, P Enzyme Replacement Therapy
in Mucopolysaccharidosis VI
(Maroteaux-Lamy Syndrome)

Journal of Pediatrics 2004 210 11 United States of
America

24 Wraith, JE Enzyme Replacement Therapy
in Patients Who Have

Mucopolysaccharidosis I and
Are Younger Than 5 Years:
Results of A Multinational

Study of Recombinant Human
A-L-Iduronidase (Laronidase)

Pediatrics 2007 194 12 United Kingdom

25 Ashworth, JL Mucopolysaccharidoses and
the Eye

Survey of
Ophthalmology

2006 191 11 United Kingdom

(Continued on following page)
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TABLE 1 (Continued) 100 top-cited articles on MPS.

Rank First author Article title Journal Publication
year

Total
citation

Average
Annual
Citation

Country

26 Tardieu, M Intracerebral Administration
of Adeno-Associated Viral

Vector Serotype
Rh.10 Carrying Human SGSH

and SUMF1 cDNAs in
Children with

Mucopolysaccharidosis Type
IIIA Disease: Results of A

Phase I/II Trial

Human Gene Therapy 2014 189 21 France

27 Whitley, CB Diagnostic-Test for
Mucopolysaccharidosis .1.

Direct Method for Quantifying
Excessive Urinary

Glycosaminoglycan Excretion

Clinical Chemistry 1989 182 5 United States of
America

28 Giugliani, R Management Guidelines for
Mucopolysaccharidosis VI

Pediatrics 2007 181 11 United States of
America

29 Moullier, P Correction of Lysosomal
Storage in The Liver and

Spleen of MPS-VII Mice by
Implantation of Genetically-
Modified Skin Fibroblasts

Nature Genetics 1993 181 6 FRANCE

30 Sifuentes, M A Follow-Up Study of MPS I
Patients Treated with
Laronidase Enzyme

Replacement Therapy for
6 Years

Molecular Genetics and
Metabolism

2007 180 11 United States of
America

31 Sands, MS Enzyme Replacement Therapy
for Murine

Mucopolysaccharidosis
Type-VII

Journal of Clinical
Investigation

1994 180 6 United States of
America

32 Sokolov, EP An Improved Method for
DNA Isolation from

Mucopolysaccharide-Rich
Molluscan Tissues

Journal of Molluscan
Studies

2000 179 8 Russia

33 Braunlin, EA Cardiac Disease in Patients
with Mucopolysaccharidosis:
Presentation, Diagnosis and

Management

Journal of Inherited
Metabolic Disease

2011 178 15 United States of
America

34 Mcglynn, R Differential Subcellular
Localization of Cholesterol,

Gangliosides, and
Glycosaminoglycans in
Murine Models of

Mucopolysaccharide Storage
Disorders

Journal of Comparative
Neurology

2004 177 9 United States of
America

35 Muenzer, J TheMucopolysaccharidoses: A
Heterogeneous Group of
Disorders with Variable
Pediatric Presentations

Journal of Pediatrics 2004 175 9 United States of
America

36 Birkenmeier, EH Increased Life-Span and
Correction of Metabolic

Defects in Murine
Mucopolysaccharidosis Type-
VII After Syngeneic Bone-
Marrow Transplantation

Blood 1991 174 5 United States of
America

37 Nelson, J Incidence of the
Mucopolysaccharidoses in

Northern Ireland

Human Genetics 1997 173 7 Australia

(Continued on following page)
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TABLE 1 (Continued) 100 top-cited articles on MPS.

Rank First author Article title Journal Publication
year

Total
citation

Average
Annual
Citation

Country

38 Simonaro, CM Mechanism of
Glycosaminoglycan-Mediated
Bone and Joint Disease -

Implications for the
Mucopolysaccharidoses and
Other Connective Tissue

Diseases

American Journal of
Pathology

2008 169 11 United States of
America

39 Li, HH Mouse Model of Sanfilippo
Syndrome Type B Produced by
Targeted Disruption of the

Gene Encoding A-N-
Acetylglucosaminidase

Proceedings of the
National Academy of

Sciences of the
United States of

America

1999 169 7 United States of
America

40 Dejong, JGN Dimethylmethylene Blue-
Based Spectrophotometry of

Glycosaminoglycans in
Untreated Urine - A Rapid
Screening-Procedure for
Mucopolysaccharidoses

Clinical Chemistry 1989 169 5 NETHERLANDS

41 Harmatz, P Long-Term Follow-Up of
Endurance and Safety

Outcomes During Enzyme
Replacement Therapy for
Mucopolysaccharidosis Vi:

Final Results of Three Clinical
Studies of RecombinantHuman

N-Acetylgalactosamine 4-
Sulfatase

Molecular Genetics and
Metabolism

2008 168 11 United States of
America

42 Hopwood, JJ The Mucopolysaccharidoses -
Diagnosis, Molecular-Genetics

and Treatment

Molecular Biology and
Medicine

1990 167 5 Australia

43 Muenzer, J A Phase I/II Clinical Trial of
Enzyme Replacement Therapy
in Mucopolysaccharidosis II

(Hunter Syndrome)

Molecular Genetics and
Metabolism

2007 165 10 United States of
America

44 Harmatz, P Direct Comparison of Measures
of Endurance, Mobility, And
Joint Function During Enzyme-

Replacement Therapy of
Mucopolysaccharidosis VI

(Maroteaux-Lamy Syndrome):
Results After 48 Weeks in A
Phase 2 Open-Label Clinical
Study of Recombinant Human

N-Acetylgalactosamine 4-
Sulfatase

Pediatrics 2005 163 9 United States of
America

45 Sango, K Mice Lacking both Subunits of
Lysosomal Beta-

Hexosaminidase Display
Gangliosidosis and

Mucopolysaccharidosis

Nature Genetics 1996 163 6 United States of
America

46 Wolfe, JH Herpesvirus Vector Gene-
Transfer and Expression of
Beta-Glucuronidase in The
Central-Nervous-System of

MPS-VII Mice

Nature Genetics 1992 163 5 United States of
America

47 De Ru, MH Enzyme Replacement Therapy
and/or Hematopoietic Stem
Cell Transplantation at

Diagnosis in Patients with
Mucopolysaccharidosis Type I:

Results of A European
Consensus Procedure

Orphanet Journal of
Rare Diseases

2011 162 14 Netherlands

(Continued on following page)
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TABLE 1 (Continued) 100 top-cited articles on MPS.

Rank First author Article title Journal Publication
year

Total
citation

Average
Annual
Citation

Country

48 Fu, HY Correction of Neurological
Disease of

Mucopolysaccharidosis IIIB in
Adult Mice by Raav9 Trans-
Blood-Brain Barrier Gene

Delivery

Molecular Therapy 2011 161 13 United States of
America

49 Muenzer, J Long-Term, Open-Labeled
Extension Study of Idursulfase in

The Treatment of Hunter
Syndrome

Genetics in Medicine 2011 161 13 United States of
America

50 Haskins, ME Beta-Glucuronidase Deficiency
in A Dog - A Model of Human
Mucopolysaccharidosis-VII

Pediatric Research 1984 159 4 United States of
America

51 Haurigot, V Whole Body Correction of
Mucopolysaccharidosis IIIA
by Intracerebrospinal Fluid

Gene Therapy

Journal of Clinical
Investigation

2013 158 16 Spain

52 Nelson, J Incidence of the
Mucopolysaccharidoses in

Western Australia

American Journal of
Medical Genetics

Part A

2003 157 8 Australia

53 Boelens, JJ Outcomes of Hematopoietic
Stem Cell Transplantation for
Hurler’s Syndrome in Europe:
A Risk Factor Analysis for

Graft Failure

Bone Marrow
Transplantation

2007 155 10 Netherlands

54 Tomatsu, S Mucopolysaccharidosis Type
Iva (Morquio A Disease):

Clinical Review and Current
Treatment: A Special Review

Current
Pharmaceutical
Biotechnology

2011 154 13 United States of
America

55 Voznyi, YV A Fluorimetric Enzyme Assay
for The Diagnosis of MPS II

(Hunter Disease)

Journal of Inherited
Metabolic Disease

2001 154 7 Netherlands

56 Scott, HS Molecular Genetics of
Mucopolysaccharidosis Type I:

Diagnostic, Clinical, and
Biological Implications

Human Mutation 1995 154 6 Australia

57 Krivit, W Bone-Marrow Transplantation
in the Maroteaux-Lamy

Syndrome
(Mucopolysaccharidosis Type-
VI) - Biochemical and Clinical

Status 24 Months after
Transplantation

New England Journal of
Medicine

1984 154 4 United States of
America

58 Triggs-Raine, B Mutations In Hyal1, A
Member of A Tandemly

Distributed Multigene Family
Encoding Disparate

Hyaluronidase Activities,
Cause A Newly Described

Lysosomal Disorder,
Mucopolysaccharidosis Ix

Proceedings of the
National Academy of

Sciences of the
United States of

America

1999 152 6 Canada

59 Whitley, CB Long-Term Outcome of
Hurler Syndrome Following
Bone-Marrow Transplantation

American Journal of
Medical Genetics

1993 152 5 United States of
America

60 Piotrowska, E Genistein-Mediated Inhibition
of Glycosaminoglycan

Synthesis as A Basis for Gene
Expression-Targeted

Isoflavone Therapy for
Mucopolysaccharidoses

European Journal of
Human Genetics

2006 151 9 Poland

(Continued on following page)
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TABLE 1 (Continued) 100 top-cited articles on MPS.

Rank First author Article title Journal Publication
year

Total
citation

Average
Annual
Citation

Country

61 Vandekamp, JJP Genetic-Heterogeneity and
Clinical Variability in The

Sanfilippo Syndrome (Type-A,
Type-B, And Type-C)

Clinical Genetics 1981 151 4 NETHERLANDS

62 Vogler, C Overcoming the Blood-Brain
Barrier with High-Dose

Enzyme Replacement Therapy
in Murine

Mucopolysaccharidosis VII

Proceedings of the
National Academy of

Sciences of the
United States of

America

2005 149 8 United States of
America

63 Bhaumik, M A Mouse Model for
Mucopolysaccharidosis Type
Iii A (Sanfilippo Syndrome)

Glycobiology 1999 149 6 United States of
America

64 Kakkis, ED Long-Term and High-Dose
Trials of Enzyme Replacement
Therapy in the Canine Model
of Mucopolysaccharidosis

Biochemical and
Molecular Medicine

1996 149 6 United States of
America

65 Khan, SA Epidemiology of
Mucopolysaccharidoses

Molecular Genetics and
Metabolism

2017 147 25 United States of
America

66 Souillet, G Outcome of 27 Patients with
Hurler’s Syndrome Transplanted
from Either Related or Unrelated

Haematopoietic Stem Cell
Sources

Bone Marrow
Transplantation

2003 147 7 France

67 Visigalli, I Gene Therapy Augments the
Efficacy of Hematopoietic Cell
Transplantation and Fully

Corrects
Mucopolysaccharidosis Type I
Phenotype in the Mouse Model

Blood 2010 146 11 Italy

68 Pastores, GM The MPS I Registry: Design,
Methodology, and Early

Findings of A Global Disease
Registry for Monitoring

Patients with
Mucopolysaccharidosis Type I

Molecular Genetics and
Metabolism

2007 146 9 United States of
America

69 Vellodi, A Bone Marrow Transplantation
for Mucopolysaccharidosis
Type I: Experience of Two

British Centres

Archives of Disease in
Childhood

1997 146 6 United Kingdom

70 Sands, MS Treatment of Murine
Mucopolysaccharidosis Type-

VII by Syngeneic Bone-
Marrow Transplantation in

Neonates

Laboratory
Investigation

1993 146 5 United States of
America

71 Vogler, C A Murine Model of
Mucopolysaccharidosis-VII -

Gross and Microscopic
Findings in Beta-

Glucuronidase-Deficient Mice

American Journal of
Pathology

1990 146 4 United States of
America

72 Boelens, JJ Outcomes of Transplantation
Using Various Hematopoietic
Cell Sources in Children with

Hurler Syndrome after
Myeloablative Conditioning

Blood 2013 145 15 Netherlands

73 Clarke, LA Murine
Mucopolysaccharidosis Type I:
Targeted Disruption of the
Murine Alpha-L-Iduronidase

Gene

Human Molecular
Genetics

1997 145 6 Canada

(Continued on following page)
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TABLE 1 (Continued) 100 top-cited articles on MPS.

Rank First author Article title Journal Publication
year

Total
citation

Average
Annual
Citation

Country

74 Hendriksz, CJ Efficacy And Safety of Enzyme
Replacement Therapy with

Bmn 110 (Elosulfase Alfa) for
Morquio A Syndrome

(Mucopolysaccharidosis Iva):
A Phase 3 Randomised
Placebo-Controlled Study

Journal of Inherited
Metabolic Disease

2014 143 16 United Kingdom

75 Simonaro, CM Involvement of the Toll-Like
Receptor 4 Pathway and Use of

TNF-A Antagonists for
Treatment of the

Mucopolysaccharidoses

Proceedings of the
National Academy of

Sciences of the
United States of

America

2010 140 11 United States of
America

76 Mcgill, JJ Enzyme Replacement Therapy
for Mucopolysaccharidosis VI
from 8Weeks of Age-A Sibling

Control Study

Clinical Genetics 2010 139 11 Australia

77 Lin, HY Incidence of the
Mucopolysaccharidoses in

Taiwan, 1984–2004

American Journal of
Medical Genetics

Part A

2009 139 10 China

78 Kakkis, E Intrathecal Enzyme
Replacement Therapy Reduces
Lysosomal Storage in the Brain
and Meninges of The Canine

Model of MPS I

Molecular Genetics and
Metabolism

2004 139 7 United States of
America

79 Ponder, KP Therapeutic Neonatal Hepatic
Gene Therapy in

Mucopolysaccharidosis VII
Dogs

Proceedings of the
National Academy of

Sciences of the
United States of

America

2002 139 7 United States of
America

80 Wilkinson, FL Neuropathology In Mouse
Models of

Mucopolysaccharidosis Type I,
IIIA and IIIB

Plos One 2012 138 13 United Kingdom

81 Shull, RM Enzyme Replacement in A
Canine Model of Hurler-

Syndrome

Proceedings of the
National Academy of

Sciences of the
United States of

America

1994 138 5 United States of
America

82 Valstar, MJ Mucopolysaccharidosis Type
IIIA: Clinical Spectrum and

Genotype-Phenotype
Correlations

Annals of Neurology 2010 137 11 Netherlands

83 Taylor, RM Decreased Lysosomal Storage
in the Adult MPS VII Mouse
Brain in the Vicinity of Grafts
of Retroviral Vector-Corrected
Fibroblasts Secreting High

Levels of Beta-Glucuronidase

Nature Medicine 1997 136 5 United States of
America

84 Wraith, JE The Mucopolysaccharidoses -
A Clinical Review and Guide to

Management

Archives of Disease in
Childhood

1995 136 5 United Kingdom

85 Cleary, MA Management of
Mucopolysaccharidosis

Type-III

Archives of Disease in
Childhood

1993 135 5 United Kingdom

86 Bondeson, ML Inversion of the Ids Gene
Resulting from Recombination
with Ids-Related Sequences is
A Common-Cause of The

Hunter Syndrome

Human Molecular
Genetics

1995 132 5 SWEDEN

(Continued on following page)

Frontiers in Genetics frontiersin.org11

Liao et al. 10.3389/fgene.2024.1377743

https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2024.1377743


TABLE 1 (Continued) 100 top-cited articles on MPS.

Rank First author Article title Journal Publication
year

Total
citation

Average
Annual
Citation

Country

87 Muenzer, J Multidisciplinary
Management of Hunter

Syndrome

Pediatrics 2009 131 9 United States of
America

88 Keeling, KM Gentamicin-Mediated
Suppression of Hurler

Syndrome Stop Mutations
Restores A Low Level of A-L-

Iduronidase Activity and
Reduces Lysosomal
Glycosaminoglycan

Accumulation

Human Molecular
Genetics

2001 131 6 United States of
America

89 Vandiggelen, OP A Fluorimetric Enzyme Assay
for the Diagnosis of Morquio-
Disease Type-A (MPS-Iv-A)

Clinica Chimica Acta 1990 131 4 NETHERLANDS

90 Muenzer, J Early Initiation of Enzyme
Replacement Therapy for the

Mucopolysaccharidoses

Molecular Genetics and
Metabolism

2014 130 14 United States of
America

91 Hopwood, JJ A Fluorometric Assay Using 4-
Methylumbelliferyl Alpha-L-
Iduronide for The Estimation

of Alpha-L-Iduronidase
Activity and the Detection of
Hurler and Scheie Syndromes

Clinica Chimica Acta 1979 130 3 United Kingdom

92 Scarpa, M Mucopolysaccharidosis Type
II: European

Recommendations for the
Diagnosis and

Multidisciplinary
Management of A Rare Disease

Orphanet Journal of
Rare Diseases

2011 129 11 United Kingdom

93 Hendriksz, CJ Review of Clinical Presentation
and Diagnosis of

Mucopolysaccharidosis Iva

Molecular Genetics and
Metabolism

2013 126 13 United Kingdom

94 Aldenboven, M The Clinical Outcome of
Hurler Syndrome after Stem

Cell Transplantation

Biology of Blood and
Marrow

Transplantation

2008 126 8 Netherlands

95 Tomatsu, S Mutation and Polymorphism
Spectrum of The Galns Gene in
Mucopolysaccharidosis Iva

(Morquio A)

Human Mutation 2005 126 7 United States of
America

96 Simonaro, CM Joint and Bone Disease in
Mucopolysaccharidoses Vi and
VII: Identification of New
Therapeutic Targets and
Biomarkers Using Animal

Models

Pediatric Research 2005 126 7 United States of
America

97 Yogalingam, G Molecular Genetics of
Mucopolysaccharidosis Type
IIIA and IIIB: Diagnostic,
Clinical, and Biological

Implications

Human Mutation 2001 126 6 Australia

98 Scott, CR Identification of Infants at Risk
for Developing Fabry, Pompe,
or Mucopolysaccharidosis-I

from Newborn Blood Spots by
Tandem Mass Spectrometry

Journal of Pediatrics 2013 124 12 United States of
America

99 Giugliani, R Mucopolysaccharidosis I, II,
And VI: Brief Review and
Guidelines for Treatment

Genetics and Molecular
Biology

2010 124 10 Brazil

(Continued on following page)
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number of author appearances was set to four (Figure 6). Most
researchers do not appear in our graph because they have fewer than
four articles. The nodes in the graph represent authors, and the
larger the node, the greater the number of articles they have
published. Extensive collaboration exists between most of the
top authors.

5 Discussion

This study reviews clinical and research advances by
bibliometric and visual mapping of the top 100 most cited

articles in the field of MPS, with the expectation of providing
new ideas to researchers. Molecular Genetics and Metabolism
and Proceedings of the National Academy of Sciences of the
United States of America published the highest number of
papers, and the New England Journal of Medicine published the
most articles with the highest average number of citations. The
United States was the most productive country. The Royal
Manchester Children’s Hospital was the most influential
institution. Muenzer J was the most prolific author, with
14 publications. This study found that there is extensive and
close collaboration between the top-ranked countries, institutions,
and authors, and analyzing these collaborative networks not only

TABLE 1 (Continued) 100 top-cited articles on MPS.

Rank First author Article title Journal Publication
year

Total
citation

Average
Annual
Citation

Country

100 Muenzer, J A Phase I/II Study of
Intrathecal Idursulfase-It in

Children with Severe
Mucopolysaccharidosis II

Genetics in Medicine 2016 122 17 United States of
America

TABLE 2 Type of study and categories in the 100 top-cited studies on MPS.

Variable Number of studies Total citation times Average citation time per study

Type of study

Article 85 16102 189

Review 15 2688 179

Web of Science categoriesa

Genetics and Heredity 18 3063 170

Pediatrics 18 3699 206

Endocrinology and Metabolism 13 2223 171

Multidisciplinary Sciences 11 2227 202

Biochemistry and Molecular Biology 10 1438 144

Hematology 7 1311 187

Medical Laboratory Technology 4 612 153

Medicine, Research and Experimental 4 756 189

Biophysics 3 800 267

Medicine, General and Internal 3 1005 335

Biotechnology and Applied Microbiology 2 350 175

Pathology 2 315 158

Clinical Neurology 1 137 137

Marine and Freshwater Biology 1 179 179

Neurosciences 1 177 177

Ophthalmology 1 191 191

Rheumatology 1 307 307

aWeb of Science categories were identified from web of science, if one article was listed in more than one category, the first category was used for data analysis.
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visualizes the number of publications, but also reflects their
connections and the evolution and development of the field as a
whole, and it can help us to retrieve resources more efficiently (Liu
et al., 2024).

Among the top 100 most cited articles, 27 are MPS I (11 of them
onMPS IH), 11 areMPS II, nine areMPS III (four onMPS IIIA), five
are MPS IV (all on MPS IVA), eight are MPS VI, three are MPS VII,
one is MPS IX, and the rest of the articles do not have a clear
classification of the types of MPS were not categorized. As we can
see, among the 100 most cited articles, MPS I is the most popular
type. The possible reason for this is that MPS I is the most common
type of MPS, with a higher prevalence than the other types, and
therefore there is more attention paid to it (Scott et al., 1995; Çelik
et al., 2021). MPS II is the first MPS disease to be reported, and the
manifestations of this disease were described in detail by Dr. Hunter
in 1917 (Hunter, 1917), hence the name Hunter syndrome.
However, the treatment of MPS lagged by decades. In 1968, a
study by Elizabeth Neufeld et al. first found that MPS
progression could be delayed or even terminated by providing
deficient enzymes to MPS patients (Fratantoni et al., 1968). This
result provided the framework for the modern treatment of MPS.
Research in this field has been going on for more than a hundred
years, but the amount of research produced is far less than the short
burst of Covid19-related research (Y. Chen et al., 2021; Wang et al.,
2023; Zhang et al., 2022). There are several possible reasons for this:
MPS is a rare disease with a low incidence, and thus may attract less
research attention (Platt, 2018); The lack of public awareness of MPS
may affect the raising of research funds and the promotion of

research; Due to the limited number of MPS patients, there are
few clinical data available for research, which may limit the depth of
research and the development of new treatment methods. Therefore,
increasing the understanding of MPS and investing more research
resources are of great significance to improve the diagnosis and
treatment of MPS patients.

Keywords are the condensed summary of an article, and if they
frequently appear together, they are considered to be a research
hotspot in this field (Liu et al., 2024; Zhu and Zhang, 2021). The co-
occurrence analysis of keywords in this study showed that bone
marrow transplantation, enzyme replacement therapy, lysosomal
storage disease, hurler syndrome, Children, alpha-l-iduronidase,
hunter-syndrome, and central nervous system were the research
hotspots in the field of MPS. These keywords mainly included the
classification and treatment of MPS. Lysosomal storage disease
(LSD) is a group of inherited metabolic diseases that includes
more than 70 diseases (Parenti et al., 2021), of which MPS is a
subclass. The earliest attempts to treat LSD were to use bone marrow
transplantation (BMT) in patients with MPS I, also known as
hematopoietic stem cell transplantation (HSCT). The success of
such attempts has resulted in hundreds of patients benefiting from
this treatment and extending their life expectancy (Aldenhoven
et al., 2015; Rodgers et al., 2017; Taylor et al., 2019; Guffon et al.,
2021). In addition, HSCT has a good effect on improving
neurocognitive function. Therefore, it is also still considered a
first-line treatment for MPS IH, even though it requires frequent
medical interventions and creates a substantial burden of disease
(Taylor et al., 2019). The findings of long-term studies and the

FIGURE 3
The co-occurrence network of keywords network on MPS.
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implementation of management guidelines on enzyme replacement
therapy (ERT) suggest that patients with MPS derive multiple
benefits from this treatment (Giugliani et al., 2007; Muenzer
et al., 2009; Muenzer et al., 2011a; Muenzer et al., 2011b;
Hendriksz et al., 2014; Hendriksz et al., 2016). The most cited
review article (Wraith et al., 2008) and Randomised controlled
trial (RCT) article (Muenzer et al., 2006) both reported the
therapeutic effect of idursulfase replacement therapy for MPS II,

a weekly infusion of idursulfase (0.5 mg/kg) could significantly
increase walking distance, improve lung function, increase elbow
range of motion, reduce urinary GAG levels, and reduce organ size
in patients with MPS II. However, conventional idursulfase does not
cross the blood-brain barrier andmay not improve CNS dysfunction
in patients with severe MPS II. Therefore, a new generation of ERT
has been developed and studied to overcome the inability of
conventional ERT to reach the CNS, which will be described later.

TABLE 3 Journals publishing the top 100 most cited articles.

Journal Quartile in
category

Number of
publications

Total
citations

Citations per
article

If
(2022)

Jif
quartile

Proceedings of the National Academy of
Sciences of The United States of America

Multidisciplinary Sciences 8 1480 185 11.1 Q1

Molecular Genetics and Metabolism Endocrinology and
Metabolism

8 1201 150 3.8 Q2

Pediatrics Pediatrics 7 1443 206 8.0 Q1

Blood Hematology 6 1185 198 20.3 Q1

Journal of Inherited Metabolic Disease Endocrinology and
Metabolism

5 1022 204 4.2 Q2

Journal of Pediatrics Pediatrics 5 1223 245 3.6 Q1

New England Journal of Medicine Medicine, General and
Internal

3 1005 335 158.5 Q1

Nature Genetics Genetics and Heredity 3 507 169 30.8 Q1

Journal of Clinical Investigation Medicine, Research and
Experimental

3 610 203 15.9 Q1

Genetics In Medicine Genetics and Heredity 3 725 242 8.8 Q1

Archives of Disease in Childhood Pediatrics 3 417 139 5.2 Q1

Bone Marrow Transplantation Hematology 3 800 267 4.8 Q2

Human Mutation Genetics and Heredity 3 406 135 3.9 Q2

Orphanet Journal of Rare Diseases Genetics and Heredity 3 514 171 3.7 Q2

Human Molecular Genetics Biochemistry and
Molecular Biology

3 403 134 3.5 Q3

TABLE 4 Top 10 countries contributing to the 100 most cited articles.

Rank Country Number of articles Total citations Mean citations per article

1 United States of America 68 13380 197

2 United Kingdom 25 4967 199

3 Germany 20 4247 212

4 France 18 3280 182

5 Netherlands 17 2896 170

6 Italy 13 2381 183

7 Australia 12 2163 180

9 Brazil 12 2043 170

8 Canada 7 1584 226

10 Ireland 4 679 170
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Among the top 100 articles, there are 45 basic studies and 31 clinical
studies. Basic research is the cornerstone of research in the biomedical
field, and the etiology, pathogenesis, and treatment methods of
MPS(Baldiotti et al., 2021). The most cited basic studies (Snyder
et al., 1995) published in Nature in 1995, which transplanted p-
glucuronidase-expressing neural progenitor cells into the ventricles
of MPS VII neonatal mice and showed that lysosomal stores were
significantly reduced or absent in both neurons and glial cells of treated
MPS VII mice compared to untreated controls. This provides a model
for using neural progenitor cells to transfer other foreign genes or
factors to the CNS. Recent basic studies have shed light on the link
between storage-related substances, lysosomal dysfunction, innate
immune activation, and hyperinflammation that aggravate MPS
symptoms, and these mechanisms could be important targets for

new therapies (Kendall and Holian, 2021; Tillo et al., 2022; Xu and
Núñez, 2023). Therefore, a new generation of ERT has been developed
and investigated to overcome the problem that conventional ERT
therapy does not reach the CNS, which we will talk about later.

The United States of America was the most prolific country,
publishing 68 percent of the highly cited articles, followed by the
UK, Germany, and France, with the majority of the top 100 articles
coming from Europe and the United States, with only one coming from
Asia. The contribution of the United States is reported to be influential
not only in the field of MPS but also in other fields such as orthopedics.
On the one hand, this is because the United States of America hasmany
top academic institutions and scientific research personnel (Adnan and
Ullah, 2018). On the other hand, the United States provides strong
support and more funding for academic activities (Bullock et al., 2018;

FIGURE 4
The country collaboration network on MPS.

TABLE 5 Institutions contributing to the 100 most cited articles.

Rank Institution Country Number of article Total citations Mean citations per article

1 Royal Manchester Children’s Hospital United Kingdom 20 4315 216

2 University of North Carolina United States of America 18 4341 241

3 Biomarin Pharmaceut Inc. United States of America 13 2941 226

4 the University of Minnesota United States of America 13 2844 219

5 Saint Louis University United States of America 12 2042 170

6 Johannes Gutenberg Universita¨t mainz Germany 11 2560 233

7 Children’s Hospital and Research
Center

United States of America 10 2072 207

8 Womens and Childrens Hospital Australia 9 1602 178

9 Baylor College of Medicine United States of America 7 1803 258

10 Hôpital Edouard Herriot France 7 1236 177
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da Costa Rosa et al., 2022), which provides a solid foundation for
academic research. Canada, the UK, and Germany are all important
research partners, and these countries are also highly productive in the
field, forming a close-knit collaborative network among themselves.
However, when we changed the metric to the average number of
citations per article, the top three countries became Canada, Germany,

and the UK. We believe that one reason for this is that all
three countries have close collaborations with the United States, and
their research findings have increased visibility and dissemination, so
their research findings are likely to receive more citations (Sugimoto
et al., 2017; Chinchilla-Rodríguez et al., 2019). The second reason may
be that they publish fewer articles and have a more focused area of

FIGURE 5
The institution collaboration network on MPS.

TABLE 6 The top 10 authors most frequently appearing in publications.

Rank Author Affiliation Country Number of
articles

Total
citations

Mean citations
per article

1 Muenzer, J University of North Carolina United States of
America

14 3487 249

2 Harmatz, P University of California San Francisco United States of
America

12 2449 204

3 Hopwood, JJ South Australian Health and Medical Research
Institute

Australia 12 2130 178

4 Beck, M University Medical Center of Mainz; Johannes
Gutenberg Universita¨t mainz

Germany 11 2906 264

5 Giugliani, R Universidade Federal do Rio Grande do Sul;
Hospital de Clínicas de Porto Alegre

Brazil 11 2215 201

6 Kakkis, ED Ultragenyx Pharmaceutical Inc. United States of
America

10 2415 242

7 Wraith, J. ED Royal Manchester Children’s Hospital United Kingdom 10 2236 224

8 Guffon, N Center References Malad Hereditaires Metab;
Hôpital Edouard Herriot

France 8 1567 196

9 Vogler, C Saint Louis University United States of
America

8 1417 177

10 Birkenmeier,
EH

Jackson Laboratory United States of
America

6 1129 188
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research, which makes them more likely to be cited. The larger size of
the research community in the United States may result in a wider
distribution of citations for many articles, thus reducing the average
citation rate. although the average citation index per article is higher,
this does not necessarily reflect a country’s overall research output or
impact. Therefore we need to consider a variety of factors when
selecting indicators for evaluation.

In general, rare diseases rarely attract the attention of
pharmaceutical companies due to their small number of patients,
complex conditions, and high research and development costs (Platt,
2018). Interestingly, however, some pharmaceutical companies were
included in our study and were among the top 100 highest-yielding
institutions. Such as Genzyme corp., Biomarin pharmaceutics inc. Both
companies specialize in the development of drugs for rare diseases.
Genzyme Corp. developed the first biological therapy for LSD, enzyme
replacement therapy for Gaucher disease type 1 (Brady, 2006). This is
an achievement of academic and commercial co-creation that has
yielded promising clinical results and improved clinical outcomes for
patients with Gaucher disease. Since then, Genzyme has focused on rare
diseases, developing enzyme replacement drugs for patients with LSD to
improve their quality of life (Clarke et al., 2009; Muenzer et al., 2011a).
Genzyme corp’s product Aldurazyme™ can significantly improve the
respiratory function and joint movement of patients withMPS Ⅰ, reduce
the accumulation of glycosaminoglycan, and has good safety.
Naglazyme™ developed by Biomarin pharmaceutics inc can
significantly improve joint movement, valvular heart disease, and
scoliosis in patients (McGill et al., 2010). Therefore, the development
of medicine cannot be done without the active involvement of
pharmaceutical companies.

The impact factor represents the frequencywithwhich a journal has
been cited over some time and is an important measure of a journal’s
academic impact (Mainwaring et al., 2020). The highest impact factor in
this study was the New England Journal of Medicine, with an IF of
158.5. The second and third-ranked journals were NatureMedicine and
Nature, with ifs of 82.9 and 64.8, respectively. These top journals attract

a large number of high-quality papers, which in turn are published by
these journals to further increase their academic impact (Callaham et al.,
2002). Interestingly, Molecular Genetics and Metabolism (N = 8), IF =
3.8, one of the journals that published the most cited papers in this
study, had an IF = 3.8, which suggests that even low IF journals can have
highly cited papers and that we should pay attention to the quality of the
papers and the value of the research itself as a real contribution to the
field (Duan et al., 2022). In addition, the lower IF of journals focusing
exclusively on metabolic diseases may be due to the smaller population
studying these rare diseases. Thus, the lower IF does not reflect the
importance of journals such as Molecular Genetics andMetabolism for
metabolic diseases.

The number of citations of an article is related to multiple factors,
such as IF, publication time, and accessibility of the journal (Zhu et al.,
2021). Typically, the IF represents the quality and impact of a journal’s
articles (Karsan et al., 2019). The most cited article in this study was
published in the New England Journal of Medicine. In addition to the
importance of the research results, the IF of the journal may also be the
reason for its high citation. Our analysis found no significant correlation
between the total number of citations and the age of articles, that is,
articles published later may receive more citations, which is similar to
the results of (Zhu et al., 2021). An article byKhan, SA et al. published in
2017 (Khan et al., 2017) was published in a short period but ranked
third in average annual citations (N = 25). This indicates that this article
has played an important guiding role in the research in this field, and it
can be predicted that it will become a new article with a high impact in
the future. In addition, paid journals may have fewer citations than
open-access journals, because some readers are not willing to pay for
access to article resources, so they choose to look for the same type of
article in open-access journals instead, resulting in fewer citations.

In recent years, with the joint efforts of scholars all over the
world, some promising treatments have emerged in the field of MPS.

Pabinafusp alfa (JR-141), a novel ERT drug developed in Japan, can
cross the blood-brain barrier through transferrin receptor
transcytoendocytosis and has shown positive results in clinical trials

FIGURE 6
The author collaboration network on MPS.
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and been successfully approved for marketing (Giugliani et al., 2021;
Okuyama et al., 2021). The study showed a significant reduction in
GAG accumulation in the cerebrospinal fluid of patients with MPS II,
indicating successful delivery of pabinafusp alfa with favorable clinical
outcomes. This is potentially valuable for patients with MPS
accompanied by CNS disease.

In vivo gene therapy is a promising option. The safety and
tolerability of intracerebral administration of AAVrh.10 vectors
carrying the human SGSH gene with the PGK promoter have been
demonstrated in four patients with MPSIIIA (Tardieu et al., 2014).
Another piece of good news is that Regenxbio announces a pivotal trial
of RGX-121 for the treatment of MPS II achieves the primary endpoint,
patients with reduced cerebrospinal fluid biomarkers below maximum
attenuated disease levels (p = 0.00016) (Regenxbio, 2024). RGX-121 has
also been previously reported to consistently reduce GAGs in
CSF(Regenxbio, 2023), with some patients still benefiting for up to
3 years (Regenxbio, 2023). Ex vivo HSCGT also has great potential in
the treatment of MPS disorders, has proven revolutionary in similar
lysosomal disorders, and is currently in several clinical trials (Wood and
Bigger, 2022).

Several immunomodulatory drugs have also been used in the
treatment of MPS and are promising. In 2017, Polgreen et al.
conducted a clinical study of adalimumab (a human monoclonal
antibody that blocks TNF-α), which showed that adalimumab may
help to reduce pain and improve physical and neurological function in
patients with MPS I and II (Polgreen et al., 2017). Anakinra is a
recombinant, non-glycosylated human interleukin-1 receptor
antagonist, which can improve neurocognitive symptoms when used
in MPS III patients (NCT 04018755). Resveratrol is a natural phenolic
compound and phytoantitoxin, and Rintz et al. demonstrated that long-
term continuous administration of 50 mg/kg/day of resveratrol
improved neurological symptoms and reduced urinary GAG levels
in a mouse model of MPS IIIB (Rintz et al., 2023). The application of
these treatments is very promising in the future, and scholars can do
more exploration based on the above results.

Increased knowledge of MPS’s pathophysiology and natural
history and therapeutic modalities such as HSCT and ERT have
improved survival and reduced morbidity. However, there are still
some issues that need to be addressed, such as the safety of gene
therapy, expensive treatments, and bone deformity (Donati et al.,
2018). In addition to new treatments, the disease diagnosis should be
moved forward. For example, newborn screening associated with
MPS is increasingly being implemented. But before that, more
comprehensive epidemiologic investigations of patients with MPS
are needed to provide a basis for determining appropriate newborn
screening methods. If managed appropriately, this should lead to
earlier initiation of treatment and better outcomes. We also hope
that more attention and resources will be devoted to research on
MPS and other rare diseases to bring patients longer and better lives.

6 Limitation

This study has several limitations. First, the data in this study
came from the WoS core repository, and articles from other
databases, such as PubMed and Scopus were not searched, which
may lead to some missing research results. Second, the citation
counts in this study did not exclude self-citations, which may also

lead to bias in the results, with some high-impact articles having
fewer citations instead. Some articles may have been cited more
often because they have been open for a more extended period,
which does not represent the quality of the articles. Third, the quality
of the top 100 articles was not assessed in this study, so it is possible
that there are articles of varying quality, affecting the interpretation
of the results. Last and most importantly, although we reviewed
articles in this field, we did not include influential or highly cited
papers published in the last 5 years, and new developments in this
field are not reflected in our article. We will analyze the latest
developments in this field in a subsequent article.

7 Conclusion

We conducted a bibliometric and visual analysis of the top
100 cited articles in MPS, a rich and promising area of research. This
study identifies the most influential articles currently available in the
field of MPS, which provides a good basis for a better understanding
of the disease and informs future research directions.
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