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Abstract

Immunoglobulin G (IgG) carries N-glycans at the Asn 297 position of the CH2 domain, and modification of the glycan structure is
a potential target for the diagnosis and monitoring of disease. To analyze N-glycan modification, we have developed a monoclonal
antibody against IgG that carries a core fucose structure. Using this antibody, we used an enzyme-linked immunosorbent assay
(ELISA) to measure the level of core fucosylated IgG in a patient’s plasma. The patient underwent surgery for esophageal cancer
and was then transferred to the intensive care unit due to respiratory insufficiency. A few days after admission, the patient was
diagnosed with interstitial pneumonia. The level of core fucosylated IgG became lower (by approximately 40%) following the
onset of interstitial pneumonia, and steroidal pulse therapy temporarily restored it. These results indicated that a low level of core
fucosylated IgG would be useful for diagnosing interstitial pneumonia and could be used to monitor the disease state.

Keywords: Core Fucose; Immunoglobulin G (IgG); Interstitial
Pneumonia; Biomarker; Case Report.

Abbreviations: IgG: immunoglobulin G; ICU: intensive care
unit; ELISA: enzyme-linked immunosorbent assay; FUTS: al,6-
fucosyltransferase; CCL2: chemokine C-C motif ligand 2; CRP:
C-reactive protein; SP-D: surfactant protein-D; PaO2: partial
pressure of oxygen in arterial blood; PaCO2: arterial partial
pressure of carbon dioxide.

Introduction

Glycosylation is one of the most important post-translational
modifications of proteins. Among the different types of

glycosylation, N-glycosylation and O-glycosylation are essential
for the regulation of glycoproteins that promote optimal functioning
[1]. The glycan structure is well known as remarkably diverse and
is often modified in pre-disease and disease states. For example,
the glycan structures known as AFP-L3 [2] in primary hepatoma
and CA19-9 (sialyl-Lewis A) [3] in gastrointestinal cancers are
often used for the diagnosis and monitoring of these diseases.

The N-glycans of IgG are localized at the Asn297 amino acid
position [4]. Agalactosylated IgG was found in early studies on
rheumatoid arthritis, and reduced galactosylation of IgG glycans
is now regarded as a sign of inflammation [5]. Moreover, recent
studies have shown that the glycan structure of N-glycan in IgG

1

Ann Case Rep, an open access journal
ISSN: 2574-7754

Volume 09; Issue 05



Citation: Ohkawa Y, Ohashi Y, Fujinawa R, Kanto N, Harada Y, et al (2024) Core Fucosylation of Immunoglobulin G is a Biomarker Candidate for
Monitoring Interstitial Pneumonia. Ann Case Report. 9: 1995. DOI:10.29011/2574-7754.101995

is altered also via sialylation and fucosylation in several diseases.
For example, patients with ulcerative colitis show a reduction in
the level of fucose structures in IgG [6]. On the other hand, patients
with pancreatic cancer or renal cancer show an increased level of
sialic acid structures, bisecting GIcNAc structures, and agalactose
(non-galactosylation) structures in IgG [7,8]. A decrease in fucose
structures in IgG in the early stages following infection with
influenza virus has also been reported [9]. These reports strongly
suggest that modification of the glycan structure in IgG would be
a useful biomarker for diagnosing and monitoring some diseases.
A lack of core fucose in IgG is well known to enhance antibody-
dependent cellular cytotoxicity (ADCC) via increased FcgRIITA
binding and signalling [10,11].

In this study, we attempted to analyse the glycan structure of IgG,
in particular the core fucose structure in N-glycans (Supplementary
Figure S1), in a patient before and after the onset of interstitial
pneumonia. For detection via ELISA, we used a monoclonal
antibody against core fucosylated IgG that was recently developed
in our laboratory [12].

Materials and Methods
Preparation of plasma samples

Surplus blood samples were collected into tubes that included an
anti-coagulant. After gentle mixing by inversion, the tubes were
centrifuged at 1,200 g for 10 min at room temperature and the
supernatants served as plasma samples. The resultant samples
were stored at -80°C.

Enzyme-linked immunosorbent assay (ELISA)

The patient’s plasma was diluted in PBS (1:20,000 or 1:40,000),
and 100 ul of the diluted plasma was added to the wells of a 96-
well plate (Sumitomo Bakelite Co., Ltd., Tokyo, Japan). After
incubation overnight at 4 °C, the wells were washed three times
with 0.05% Tween20 in PBS. Then 100 pl of 5% (w/v) bovine
serum albumin (BSA) (Sigma-Aldrich, Saint Louis, MO) in
PBS was added and the mixture was incubated for 1 hr at RT for
blocking. After washing the wells again three times with 0.05%
Tween20 in PBS, 100 pl of an anti-core fucosylated human IgG
antibody [1.25 pg/ml in 1% (w/v) of BSA in PBS] was added and
the mixture was incubated for 2 hr at RT. The wells were then
washed five times and incubated with an anti-mouse IgG antibody
labelled with HRP (GE Healthcare, Chicago, IL) (1:2,000). After
incubation for 1 hr at RT, the wells were washed again five times
and the substrate solution [0.26 mg/ml of o-Phenylenediamine in
0.1 M citrate buffer (pH 5.0) including 0.009% H202] was added.

After incubation for 30 min in the dark, the absorbance values
at 492 nm were measured using an Infinite M Plex plate reader
(TECAN, Ménnedorf, Switzerland). For detection of total IgG,
an anti-human IgG antibody labelled with HRP (GE Healthcare)
was used. For detection of SP-D, Human SP-D Quantikine ELISA
Kit (R&D Systems, Minneapolis, MN) was used following the
manufacturer’s protocol.

Case Presentation

The patient was in his 70s and had undergone surgery for esophageal
cancer in our hospital and was then transferred to the intensive
care unit (ICU) due to the occurrence of respiratory insufficiency
(day 1). The patient’s blood was collected in the ICU early each
morning (usually around 5 — 6 am) and immediately prepared as
plasma samples. Tracheal intubation was performed on day 5 and
respiratory care was started using an artificial ventilator. On day
8, the patient was suspected of having interstitial pneumonia, and
by day 9, CT analysis revealed ground-glass opacity in his right
lung. Therefore, pulse therapy with a steroid (methylprednisolone
sodium succinate) was performed on days 9 — 11. Following the
pulse therapy, administration of another steroid (prednisolone)
was started, and the patient’s respiratory function was stabilized at
a certain level (Supplementary Table S1). By day 18, CT analysis
showed that the disease state of the patient’s lung had worsened.
During his stay in the ICU, the patient was administered other
drugs including diuretics, psychotropics, and antibiotics. Infection
with Pseudomonas aeruginosa was determined at certain time
points via testing of the bacterial culture of the patient’s sputum.

Results

Core fucosylated IgG and total IgG in plasma samples were
analysed by an enzyme-linked immunosorbent assay (ELISA).
Both the amount of core fucosylated IgG and total IgG were
decreased following diagnosis (days 11 — 14 and 17 — 24) (Figure
1A and 1B). The levels of core fucosylated IgG, which is the ratio
of core fucosylated IgG relative to total IgG, were approximately
80% — 100% during days 1 — 10 but had decreased dramatically
to approximately 40% by days 17 — 24 (Figure 2A). The steroid
pulse treatment on days 9 — 11 resulted in temporary recovery of
the level of core fucosylated IgG (days 15 and 16). The high level
of acore fucosylated IgG (non-core fucosylated IgG) following the
onset of interstitial pneumonia is shown in Figure 2B. The levels
of C-reactive protein (CRP) and surfactant protein-D (SP-D) were
also monitored during the patient’s stay in the ICU and they are
shown in Supplementary Figure S2.
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Figure 1: Levels of core fucosylated IgG and total IgG in the
patient before and after the onset of interstitial pneumonia. The
amounts of core fucosylated IgG (A) and total IgG (B) in plasma
were measured by ELISA. Plasma samples were prepared and
analyzed every other day. ELISA was performed in triplicate with
values as means =+ the standard deviation. The arrows indicate the
day of the onset of interstitial pneumonia. Plasma samples were
diluted in PBS at a ratio of 1:20,000 or 1:40,000 and analyzed
in triplicate. The absorbance values were very low in the final
detection step.

Figure 2: Levels of core fucosylated IgG and non-core fucosylated
IgG relative to total IgG in the patient before and after the onset of
interstitial pneumonia. The levels of core fucosylated IgG (A) and
non-core fucosylated IgG (B) relative to total IgG in the plasma
were calculated using the results shown in Figure 1. Values are
reported as means =+ the standard deviation. The arrows indicate
the day of the onset of interstitial pneumonia.
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Supplementary Figure S1: Core fucose structure in human immunoglobulin G (IgG). This figure is a modification of Figure 1A in our
previously published paper [12].

Supplementary Figure S2: C-reactive protein (CRP) and surfactant protein-D (SP-D) in the patient’s plasma. (A) The amount of CRP
in the plasma was measured as a daily bedside routine. (B) The amount of SP-D in the plasma was measured via ELISA, which was

performed in triplicate with values reported as the mean + the standard deviation. The allows indicates the day of the onset of interstitial
pneumonia.
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Day PaO, (Torr) PaCO, (Torr) P/F ratio
1 - - -
2 - - -
3 - - -
4 72 - -
5 115 62 -
6 - - -
7 126 - 300
8 - - -
9 60 - Over 300
10 120 58 -
11 142 71 -
12 132 46 -
13 - - -
14 164 47 Over 400
15 - - 437
16 - - -
17 - - -
18 - - -
19 124 51 -
20 - - 320
21 - - 310
22 - - 330
23 121 58 346
24 113 50 350

Supplementary Table S1: The patient’s respiratory function
during those days. Partial pressure of oxygen in arterial blood
(Pa02), arterial partial pressure of carbon dioxide (PaCO2), and
the P/F ratio are shown.

Discussion

Many anti-cancer drugs such as those used in antibody therapies
induce the onset of interstitial pneumonia as a side effect [13]. In
addition to drug inducement, conditions such as smoking, bacterial
infection, and autoimmune disease are some of the many reasons
for the onset of interstitial pneumonia [14-16], and no radical
treatment has yet been developed. This is why preventing the onset
of interstitial pneumonia in cancer patients is an important issue.

The core fucose structure in N-glycans is biosynthesized via
glycosyltransferase: al,6-fucosyltransferase (FUT8). In our
previous study, we found that chemokine C-C motif ligand 2
(CCL2) downregulated both the FUTS gene and the level of core
fucosylated IgG in IgG-secreting cells. We determined that the
inflammatory cytokine interleukin-6 (IL-6) could also have been
involved in the downregulation of the FUT8 gene [12]. These
results indicated that the inflammation induced by inflammatory
cytokines and chemokines was involved in the decrease of core
fucosylated IgG levels. The results of previous studies combined
with the results of the present study show that the inflammatory
status of a patient with interstitial pneumonia can be monitored via
the level of core fucosylated IgG. Decreases in core fucosylated
IgG in COVID-19 patients have recently been reported [17-19].
Low levels of core fucosylated IgG have also been found in
patients with thyroiditis and autoimmune diseases of the thyroid
[20]. These findings also suggest a possible benefit of using core
fucosylated IgG levels to monitor the inflammatory status.

C-reactive protein (CRP) is a good index for monitoring the
inflammatory status of patients, and surfactant protein-D (SP-D)
is a well-known clinical biomarker of interstitial pneumonia [21].
In the present case, CRP levels in the patient were dramatically
reduced by steroid pulse treatment, while the core fucosylated IgG
levels were persistently low during days 12 — 14. These results
and the fact that the patient’s condition had worsened again after
day 18 suggested that core fucosylated IgG levels could also be
another useful index for monitoring the disease state of interstitial
pneumonia. On the other hand, SP-D levels were dramatically
increased after day 20. Notably, the diagnostic baseline of SP-D
is 110 ng/ml, and, hence, by following SP-D levels, the patient
was diagnosed with interstitial pneumonia on day 23. These results
strongly suggest that core fucosylated IgG is a more predictive
biomarker than SP-D.

Conclusions

This report is the first report to suggest the possibility that
establishing low levels of core fucosylated IgG, in other words, a
high level of a core fucosylated IgG (non-core fucosylated IgG),
could be useful for the diagnosis of interstitial pneumonia and for
monitoring the disease state of this condition.

5

Ann Case Rep, an open access journal
ISSN: 2574-7754

Volume 09; Issue 05



Citation: Ohkawa Y, Ohashi Y, Fujinawa R, Kanto N, Harada Y, et al (2024) Core Fucosylation of Immunoglobulin G is a Biomarker Candidate for
Monitoring Interstitial Pneumonia. Ann Case Report. 9: 1995. DOI:10.29011/2574-7754.101995

Figures and Figure legends
Declarations

Availability of data and material: All data generated or analysed
during this study are included in this published article and its
supplementary information files.

Consent for publication: All authors agreed to the submission
and publication of this manuscript.

Ethics approval and consent to participate: All studies using the
patient’s samples were approved by the local ethics committee at
Osaka International Cancer Institute (Approval number 21099-2).
Informed consent was obtained prior to sample collection, and the
patient agreed that his samples would be analyzed for research
purposes only and that the results would be published.

Competing interests: The authors declare no conflicts of interest
that could appear to influence the results of this study.

Funding: This study was supported by Grants-in-Aid for Scientific
Research (C) (23K06734 to NT and 23K06420 to YO), by public
grants from Osaka Prefecture (52000090, 52000093, 52100001),
and by the Osaka foundation for the prevention of cancer and
cardiovascular diseases.

Authors’ contributions: YOhk, HT, and NT designed the study.
YOha collected the plasma samples. YOhk, RF, and KN performed
the experiments. YOhk and RF analyzed the data. YOhk drafted
the manuscript. YH, HT, and NT revised the manuscript.

Acknowledgements: We wish to thank Dr. James L. McDonald
and Dr. Stewart Chisholm for English editing.

References
1. Varki A. (2017) Biological roles of glycans. Glycobiology. 27:3—49.

2.  Yamagiwa S, Tamura Y, Takamura M, Genda T, Ichida T, et al. (2014)
Increase of fucosylated alpha-fetoprotein fraction at the onset of
autoimmune hepatitis and acute liver failure. Hepatology Research.
44:E368-75.

3. Koprowski H, Herlyn M, Steplewski Z, Sears HF. (1981) Specific
antigen in serum of patients with colon carcinoma. Science. 212:53-5.

4.  Xue J, Zhu LP, Wei Q. (2013) IgG-Fc N-glycosylation at Asn297
and IgA O-glycosylation in the hinge region in health and disease.
Glycoconj J. 30:735-45.

5. Furukawa K, Kobata A. (1991) IgG galactosylation--its biological
significance and pathology. Mol Immunol. 28:1333—40.

6. Simurina M, de Haan N, Vugkovié F, Kennedy NA, Stambuk J, et al.
(2018) Glycosylation of Immunoglobulin G Associates With Clinical
Features of Inflammatory Bowel Diseases. Gastroenterology.
154:1320-1333.e10.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Shih HC, Chang MC, Chen CH, Tsai IL, Wang SY, et al. (2019) High
accuracy differentiating autoimmune pancreatitis from pancreatic
ductal adenocarcinoma by immunoglobulin G glycosylation. Clin
Proteomics. 16:1.

lwamura H, Mizuno K, Akamatsu S, Hatakeyama S, Tobisawa Y, et
al. (2022) Machine learning diagnosis by immunoglobulin N(iglycan
signatures for precision diagnosis of urological diseases. Cancer Sci.
113:2434-45.

Kljakovié-Gaspi¢ Batinjan M, Petrovi¢ T, Vuc€kovi¢ F, Hadzibegovi¢ |,
et al. (2022) Differences in Immunoglobulin G Glycosylation Between
Influenza and COVID-19 Patients. Engineering (Beijing).

Shields RL, Lai J, Keck R, O’Connell LY, Hong K, et al. (2002) Lack of
fucose on human IgG1 N-linked oligosaccharide improves binding to
human Fcgamma RIII and antibody-dependent cellular toxicity. J Biol
Chem. 277:26733-40.

Shinkawa T, Nakamura K, Yamane N, Shoji-Hosaka E, Kanda Y, et
al. (2003) The absence of fucose but not the presence of galactose
or bisecting N-acetylglucosamine of human IgG1 complex-type
oligosaccharides shows the critical role of enhancing antibody-
dependent cellular cytotoxicity. J Biol Chem. 278:3466-73.

Kanto N, Ohkawa Y, Kitano M, Maeda K, Shiida M, et al. (2023) A
highly specific antibody against the core fucose of the N-glycan in IgG
identifies the pulmonary diseases and its regulation by CCL2. J Biol
Chem. 299:105365.

Conte P, Ascierto PA, Patelli G, Danesi R, Vanzulli A, et al. (2022)
Drug-induced interstitial lung disease during cancer therapies: expert
opinion on diagnosis and treatment. ESMO Open. 7:100404.

Azadeh N, Limper AH, Carmona EM, Ryu JH. (2017) The Role of
Infection in Interstitial Lung Diseases: A Review. Chest. 152:842-52.

Katzenstein ALA. (2012) Smoking-related interstitial fibrosis (SRIF),
pathogenesis and treatment of usual interstitial pneumonia (UIP), and
transbronchial biopsy in UIP. Mod Pathol. Suppl 1:S68-78.

Graney BA, Fischer A. (2019) Interstitial Pneumonia with Autoimmune
Features. Ann Am Thorac Soc. 16:525-33.

Larsen MD, de Graaf EL, Sonneveld ME, Plomp HR, Nouta J, et al.
(2021) Afucosylated IgG characterizes enveloped viral responses and
correlates with COVID-19 severity. Science. 371:eabc8378.

Chakraborty S, Gonzalez J, Edwards K, Mallajosyula V, Buzzanco AS,
et al. (2021) Proinflammatory IgG Fc structures in patients with severe
COVID-19. Nat Immunol. 22:67-73.

Chakraborty S, Gonzalez JC, Sievers BL, Mallajosyula V, Chakraborty
S, etal. (2022) Early non-neutralizing, afucosylated antibody responses
are associated with COVID-19 severity. Science Translational
Medicine. 14:eabm7853.

Trzos S, Link-Lenczowski P, Sokotowski G, Poche¢ E. (2022) Changes
of 1gG N-Glycosylation in Thyroid Autoimmunity: The Modulatory
Effect of Methimazole in Graves’ Disease and the Association With the
Severity of Inflammation in Hashimoto’s Thyroiditis. Front Immunol.
13:841710.

Okamoto T, Fujii M, Furusawa H, Tsuchiya K, Miyazaki Y, et al (2015)
The usefulness of KL-6 and SP-D for the diagnosis and management
of chronic hypersensitivity pneumonitis. Respir Med. 109:1576-81.

6

Ann Case Rep, an open access journal
ISSN: 2574-7754

Volume 09; Issue 05


https://pubmed.ncbi.nlm.nih.gov/27558841/
https://pubmed.ncbi.nlm.nih.gov/24612069/
https://pubmed.ncbi.nlm.nih.gov/24612069/
https://pubmed.ncbi.nlm.nih.gov/24612069/
https://pubmed.ncbi.nlm.nih.gov/24612069/
https://pubmed.ncbi.nlm.nih.gov/6163212/
https://pubmed.ncbi.nlm.nih.gov/6163212/
https://pubmed.ncbi.nlm.nih.gov/23783413/
https://pubmed.ncbi.nlm.nih.gov/23783413/
https://pubmed.ncbi.nlm.nih.gov/23783413/
https://pubmed.ncbi.nlm.nih.gov/1749382/
https://pubmed.ncbi.nlm.nih.gov/1749382/
https://pubmed.ncbi.nlm.nih.gov/29309774/
https://pubmed.ncbi.nlm.nih.gov/29309774/
https://pubmed.ncbi.nlm.nih.gov/29309774/
https://pubmed.ncbi.nlm.nih.gov/29309774/
https://clinicalproteomicsjournal.biomedcentral.com/articles/10.1186/s12014-018-9221-1
https://clinicalproteomicsjournal.biomedcentral.com/articles/10.1186/s12014-018-9221-1
https://clinicalproteomicsjournal.biomedcentral.com/articles/10.1186/s12014-018-9221-1
https://clinicalproteomicsjournal.biomedcentral.com/articles/10.1186/s12014-018-9221-1
https://pubmed.ncbi.nlm.nih.gov/35524940/
https://pubmed.ncbi.nlm.nih.gov/35524940/
https://pubmed.ncbi.nlm.nih.gov/35524940/
https://pubmed.ncbi.nlm.nih.gov/35524940/
https://pubmed.ncbi.nlm.nih.gov/36093331/
https://pubmed.ncbi.nlm.nih.gov/36093331/
https://pubmed.ncbi.nlm.nih.gov/36093331/
https://pubmed.ncbi.nlm.nih.gov/11986321/
https://pubmed.ncbi.nlm.nih.gov/11986321/
https://pubmed.ncbi.nlm.nih.gov/11986321/
https://pubmed.ncbi.nlm.nih.gov/11986321/
https://pubmed.ncbi.nlm.nih.gov/12427744/
https://pubmed.ncbi.nlm.nih.gov/12427744/
https://pubmed.ncbi.nlm.nih.gov/12427744/
https://pubmed.ncbi.nlm.nih.gov/12427744/
https://pubmed.ncbi.nlm.nih.gov/12427744/
https://pubmed.ncbi.nlm.nih.gov/37865317/
https://pubmed.ncbi.nlm.nih.gov/37865317/
https://pubmed.ncbi.nlm.nih.gov/37865317/
https://pubmed.ncbi.nlm.nih.gov/37865317/
https://pubmed.ncbi.nlm.nih.gov/28400116/
https://pubmed.ncbi.nlm.nih.gov/28400116/
https://pubmed.ncbi.nlm.nih.gov/22214972/
https://pubmed.ncbi.nlm.nih.gov/22214972/
https://pubmed.ncbi.nlm.nih.gov/22214972/
https://pubmed.ncbi.nlm.nih.gov/30695649/
https://pubmed.ncbi.nlm.nih.gov/30695649/
https://pubmed.ncbi.nlm.nih.gov/33361116/
https://pubmed.ncbi.nlm.nih.gov/33361116/
https://pubmed.ncbi.nlm.nih.gov/33361116/
https://www.google.com/search?q=18.+Chakraborty+S%2C+Gonzalez+J%2C+Edwards+K%2C+Mallajosyula+V%2C+Buzzanco+AS%2C+et+al.+(2021)+Proinflammatory+IgG+Fc+structures+in+patients+with+severe+COVID-19.+Nat+Immunol.+22%3A67%E2%80%9373.&oq=18.%09Chakraborty+S%2C+Gonzalez+J%2C+Edwards+K%2C+Mallajosyula+V%2C+Buzzanco+AS%2C+et+al.+(2021)+Proinflammatory+IgG+Fc+structures+in+patients+with+severe+COVID-19.+Nat+Immunol.+22%3A67%E2%80%9373.&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzIzOWowajSoAgCwAgA&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=18.+Chakraborty+S%2C+Gonzalez+J%2C+Edwards+K%2C+Mallajosyula+V%2C+Buzzanco+AS%2C+et+al.+(2021)+Proinflammatory+IgG+Fc+structures+in+patients+with+severe+COVID-19.+Nat+Immunol.+22%3A67%E2%80%9373.&oq=18.%09Chakraborty+S%2C+Gonzalez+J%2C+Edwards+K%2C+Mallajosyula+V%2C+Buzzanco+AS%2C+et+al.+(2021)+Proinflammatory+IgG+Fc+structures+in+patients+with+severe+COVID-19.+Nat+Immunol.+22%3A67%E2%80%9373.&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzIzOWowajSoAgCwAgA&sourceid=chrome&ie=UTF-8
https://www.google.com/search?q=18.+Chakraborty+S%2C+Gonzalez+J%2C+Edwards+K%2C+Mallajosyula+V%2C+Buzzanco+AS%2C+et+al.+(2021)+Proinflammatory+IgG+Fc+structures+in+patients+with+severe+COVID-19.+Nat+Immunol.+22%3A67%E2%80%9373.&oq=18.%09Chakraborty+S%2C+Gonzalez+J%2C+Edwards+K%2C+Mallajosyula+V%2C+Buzzanco+AS%2C+et+al.+(2021)+Proinflammatory+IgG+Fc+structures+in+patients+with+severe+COVID-19.+Nat+Immunol.+22%3A67%E2%80%9373.&gs_lcrp=EgZjaHJvbWUyBggAEEUYOdIBBzIzOWowajSoAgCwAgA&sourceid=chrome&ie=UTF-8
https://pubmed.ncbi.nlm.nih.gov/35040666/
https://pubmed.ncbi.nlm.nih.gov/35040666/
https://pubmed.ncbi.nlm.nih.gov/35040666/
https://pubmed.ncbi.nlm.nih.gov/35040666/
https://pubmed.ncbi.nlm.nih.gov/35370997/
https://pubmed.ncbi.nlm.nih.gov/35370997/
https://pubmed.ncbi.nlm.nih.gov/35370997/
https://pubmed.ncbi.nlm.nih.gov/35370997/
https://pubmed.ncbi.nlm.nih.gov/35370997/
https://pubmed.ncbi.nlm.nih.gov/26481343/
https://pubmed.ncbi.nlm.nih.gov/26481343/
https://pubmed.ncbi.nlm.nih.gov/26481343/

