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ABSTRACT

Lysosomes are ubiquitous throughout all cell-types of the body and an inherited or
acquired metabolic defect can potentially be causative of a disease phenotype as
occurs in several lysosomal storage diseases (LSD). Fabry disease (FD) is one of the
most prevalent LSD and is characterised by a deficient activity of the lysosomal
enzyme alpha-galactosidase A (GLA) which is unable to exert its catabolic and
clearance functions, thus leading to the accumulation of a specific type of ceramides—
globotricosylceramides (Gb3) in lysosomes. Many complications arise from FD,
affecting manly the cardio-renal axis, the nervous system and skin. Since, this condition
affects multi-tissues and organ-systems there is an unmet need to investigate how the
molecular landscape is modulated after a single trigger caused by a mutation in GLA.

INTRODUCTION

Collectively, lysosomal storage diseases (LSD) are estimated to occurinone per five
thousand live births and represent a group of 50 monogenetic disorders [1], affecting
the normal function within vesicular structures of cells, in particular lysosomes, with
relevant local and systemic metabolic consequences throughout body.

Fabry disease (FD) (Figure 1A) is a recessive inherited disorder with a prevalence of
one per forty thousand male live births and is caused by a single mutation of the
lysosomal enzyme alpha-galactosidase A (GLA) in the X-chromosome [2]. This
condition is manifested by impairment of the GLA activity resulting inintra-lysosomal
accumulation of globotriaosylceramide (Gb3) and other glycolipid derivatives across
many cell-types throughout the body. This phenomenon triggers a cascade of events,
from disruption at the cellular-level of basic metabolic processes to activation of the
immune-system followed by inflammatory response that ultimately leads to increased
susceptibility of renal, cardiac, cerebrovascular, and skin complications [2,3].

The lysosomal accumulation of these ceramides in the vascular endothelium is known to
cause low blood perfusion and is accepted as the main overlapping clinical
parameter found in many FD manifestations affecting the renal-heart axis, nervous
system, and skin [4,5]. Additionally, many FD patients exhibits vascular trauma and
recurrent thrombotic episodes mostly due to lower plasma levels of thrombomodulin
and elevated levels of plasminogen activator inhibitor [4]. Moreover, FD patients are
at high-risk of stroke due to compromised endothelium-dependent vasodilation
prompted by concurrently altered levels of nitric oxide and impaired activity of
endothelial nitric oxide synthase [5]. Therefore, renal-heart failure and stroke remain
the main cause of death among FD patients [6,7]. The life-span of FD patients can be
extended by renal replacement therapy (e.g. dialysis, kidney transplantation) and by
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enzyme replacement therapy through the clinical routine use of
agalsidase-alpha and agalsidase-beta that mimic GLA
activity, and the first is being consistently reported as an
improver of the renal-cardiac function and cerebrovascular-
flow [3,8].

Gene-disease associations (GDA) databases such as DisGeNET
[9] (Figure 1B) use supportive evidence from the literature and

other disease databases to prioritise GDA. For instance, the

best scored genes associated with FD are the following: GLA,
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NAT8, NOS3, IL6, CRP, VDR, NAIP, NOS2, ICAM1 and SELE.
Regarding superimposed genes associated with cardiovascular
conditions, this list is: AGT, involved in cholesterol transport
(APOA1, APOA4, APOH), platelet activation (FGA, RNASE1)
degranulation (SERPINAZ, ALB, TF), HBA1 and
RNASE2.Likewise, overlapping genes in FD concerning renal

conditions are: ILTA, VCAM1, PONT, IL1B, TNF, AGT, NOS3,
NAT8, MGP, and G6PD.
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Figure 1: X-linked recessive inheritance in Fabry disease (A) with lysosomal accumulation of globotriaosylceramide (GL-3) and
gene-disease associations superimposing (B) from DisGeNET.

CVD: Cardiovascular Diseases; RenDis: Renal Diseases; LySdis: Lysosomal Storage Diseases

Previously we reported a systematic and systems biology-
derived approach in renal disease associated with FD [10],
and found that perturbed biological processes are associated
with activation of the acute inflammatory response, regulation
of wound healing, extracellular matrix (ECM) remodelling,
regulation of peptidase activity and cellular response to
reactive oxygen species (ROS). Furthermore, the involvement of
platelet activation (CTQTNF1, COL1A2, COL3A1, FGA, GPé,
HSPB1, RNASE1, YWHAZ), initiated by binding of collagen
(COL1A2, and COL3AT) to the platelet glycoprotein VI (GP6),
leads to signal transduction through the involvement of FcR
gamma-chain, the Src kinases and the linker for activation of T-

cell family member 1 (LAT) adapter protein, and consequently

to the activation of phospholipase C gamma 2 (PLCG2) [11].
Ultimately, the process leads to the activation of the ligand-
binding function of integrin beta-3 to bind fibrinogen alpha
chain (FGA). Subsequently platelet adhesion and aggregation
are mediated, resulting in overall platelet spreading, granule
secretion (degranulation), stabilisation of platelet adhesion and
aggregation, and finally clot retraction.

Moreover, we also described plateletgranule secretion with
subsequent exocytosis of histamine and serotonin with further
thrombus establishment at sites of vascular injury, a process
relevant in the pathogenesis of many ischemic cardio- and
cerebrovascular conditions [12,13]. Additionally, release of

resolution and

prostaglandin contributes to inflammation
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promotes wound-healing important to restore tissue integrity
and the earliest is known to be involved in smooth muscle
contraction/relaxation and as well a potent inhibitor of
platelet aggregation [14].

Additionally, the earlier event of disruption in the trade-off
between production and degradation of extracellular matrix
(ECM)throughout a long-term tissue injury can result in the
deposition of ECM and consequently lead to pathological
fibrosis [15] as observed in diabetic nephropathy and FD
[16,17]. In a similar way, activation of many peptidases was
also described and therefore exert direct proteolytic activity
against ECM molecular entities or alternatively by activation of
other proteases. For instance, proteolytic-antiproteolytic
imbalance due to increased levels of collagens (COLT11A1,
COLT1A2, COL3A1, COL4A2, and COL4A6) and augmented
expression of cathepsins (CTSB) a main driver of proteolysis
due to activation of a cascade of proteases which contrasts
with over expression of several protease inhibitors (PI3,
SERPINA3, SPINK1, SPINT1, |ITIH4, ond CSTB) [10].
Concomitantly, the association between altered states of ECM
and overall FD severity could be indicative that ECM-turnover
may play a role in FD pathogenesis [18,19].

Other known hallmarks in many cardiovascular diseases, such
as enduring oxidative stress, was also reported in FD, for
instance the activation of reactive oxygen species (ROS)
response molecular elements. This is reinforced by the fact that
Gb3 promotes oxidative stress and leads to an augmented
expression in endothelial cells of many adhesion proteins [20].
In contrast, other studies report that, based on the molecular
aspects of FD, many patients are more likely to resemble
abnormalities related with renal insufficiency than to the
underlying primary disease itself [21].

CONCLUSION

A growing body of evidence in FD investigations supports the
general hypothesis that an augmented profile of endothelial
inflammation is earlier established in tandem with a hold-up of
several phases of wound-healing, which leads to a long-lasting
inflammatory phase. The pathogenicity of FD has long been
solely credited to the long-term and continuous deposition of
Gb3 in the vascular endothelium. Nevertheless, this initial

metabolic defect is also known to trigger a cascade of
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molecular events that leads to earlier fibrosis, endothelial
dysfunction and, with the advance of the disease, may promote
recurrent thrombotic events during a patient’s life.

REFERENCES

1. Giugliani R, Brusius-Facchin AC, Pasqualim G, Leistner-
Segal S, Riegel M, et al. (2016). Current molecular
genetics strategies for the diagnosis of lysosomal storage
disorders. Expert review of molecular diagnostics. 16:
113-123.

2. Wang RY, Bodamer OA, Watson MS, Wilcox WR. (2011).
Lysosomal storage diseases: diagnostic confirmation and
management of presymptomatic individuals. Genetics in
medicine: official journal of the American College of
Medical Genetics. 13: 457-484.

3. Schiffmann R, Swift C, Wang X, Blankenship D, Ries M.
(2015). A prospective 10-year study of individualized,
intensified enzyme replacement therapy in advanced
Fabry disease. Journal of inherited metabolic disease. 38:
1129-1136.

4. DeGraba T, Azhar S, Dignat-George F, Brown E, Boutiere
B, et al. (2000). Profile of endothelial and leukocyte
activation in Fabry patients. Annals of neurology. 47: 229-
233.

5. Hilz MJ, Kolodny EH, Brys M, Stemper B, Haendl T, et al.
(2004). Reduced cerebral blood flow velocity and
impaired cerebral autoregulation in patients with Fabry
disease. Journal of neurology. 251: 564-570.

6.  Schiffmann R. (2009). Fabry disease. Pharmacol Ther. 122:
65-77.

7. Schiffmann R, Fuller M, Clarke LA, Aerts JM. (2016). Is it
Fabry disease? Genetics in medicine : official journal of
the American College of Medical Genetics. 18: 1181-
1185.

8. KoY, Lee C, Moon MH, Hong GR, Cheon CK, et al. (2016).
Unravelling the mechanism of action of enzyme
replacement therapy in Fabry disease. Journal of human
genetics. 61: 143-149.

9. Bauer-Mehren A, Rautschka M, Sanz F, Furlong LI. (2010).
DisGeNET: a Cytoscape plugin to visualize, integrate,

search and analyze gene-disease networks. Bioinformatics

(Oxford, England). 26: 2924-2926.

The Many Facets of Fabry Disease in the Kidney-Heart Axis. Journal of Nephrology & Kidney Diseases. 2018; 1(2):120.

LITERATURE


https://www.ncbi.nlm.nih.gov/pubmed/26567866
https://www.ncbi.nlm.nih.gov/pubmed/26567866
https://www.ncbi.nlm.nih.gov/pubmed/26567866
https://www.ncbi.nlm.nih.gov/pubmed/26567866
https://www.ncbi.nlm.nih.gov/pubmed/26567866
https://www.ncbi.nlm.nih.gov/pubmed/21502868
https://www.ncbi.nlm.nih.gov/pubmed/21502868
https://www.ncbi.nlm.nih.gov/pubmed/21502868
https://www.ncbi.nlm.nih.gov/pubmed/21502868
https://www.ncbi.nlm.nih.gov/pubmed/21502868
https://www.ncbi.nlm.nih.gov/pubmed/25900714
https://www.ncbi.nlm.nih.gov/pubmed/25900714
https://www.ncbi.nlm.nih.gov/pubmed/25900714
https://www.ncbi.nlm.nih.gov/pubmed/25900714
https://www.ncbi.nlm.nih.gov/pubmed/25900714
https://www.ncbi.nlm.nih.gov/pubmed/10665494
https://www.ncbi.nlm.nih.gov/pubmed/10665494
https://www.ncbi.nlm.nih.gov/pubmed/10665494
https://www.ncbi.nlm.nih.gov/pubmed/10665494
https://www.ncbi.nlm.nih.gov/pubmed/15164189
https://www.ncbi.nlm.nih.gov/pubmed/15164189
https://www.ncbi.nlm.nih.gov/pubmed/15164189
https://www.ncbi.nlm.nih.gov/pubmed/15164189
https://www.ncbi.nlm.nih.gov/pubmed/19318041
https://www.ncbi.nlm.nih.gov/pubmed/19318041
https://www.ncbi.nlm.nih.gov/pubmed/27195818
https://www.ncbi.nlm.nih.gov/pubmed/27195818
https://www.ncbi.nlm.nih.gov/pubmed/27195818
https://www.ncbi.nlm.nih.gov/pubmed/27195818
https://www.ncbi.nlm.nih.gov/pubmed/26490183
https://www.ncbi.nlm.nih.gov/pubmed/26490183
https://www.ncbi.nlm.nih.gov/pubmed/26490183
https://www.ncbi.nlm.nih.gov/pubmed/26490183
https://www.ncbi.nlm.nih.gov/pubmed/20861032
https://www.ncbi.nlm.nih.gov/pubmed/20861032
https://www.ncbi.nlm.nih.gov/pubmed/20861032
https://www.ncbi.nlm.nih.gov/pubmed/20861032

. Fernandes M, Husi H. (2016). Integrative Systems Biology

Investigation of Fabry Disease. Diseases (Basel,

LITERATURE

mechanisms of kidney fibrosis. American

physiology Cell physiology. 304: C591-603.

journal of

Switzerland). 4. 17. Weidemann F, Sanchez-Nino MD, Politei J, Oliveira JP,
11. Jandrot-Perrus M, Busfield S, Lagrue AH, Xiong X, Debili Wanner C, et al. (2013). Fibrosis: a key feature of Fabry

N, et al. (2000). Cloning, characterization, and functional disease with potential therapeutic implications. Orphanet

studies of human and mouse glycoprotein VI: a platelet- journal of rare diseases. 8: 116.

specific collagen receptor from the immunoglobulin 18. Bonnans C, Chou J, Werb Z. (2014). Remodelling the

superfamily. Blood. 96: 1798-1807. extracellular matrix in development and disease. Nature

12. Zhang W, Huang W, lJing F. (201 3). Contribution of blood reviews Molecular cell biology. 15: 786-801.
platelets to vascular pathology in Alzheimer's disease. 19. Wynn TA. (2008). Cellular and molecular mechanisms of
Journal of blood medicine. 4: 141-147. fibrosis. The Journal of pathology. 214: 199-210.

13. Williams MS. (2012). Platelets and depression in 20. Shen JS, Meng XL, Moore DF, Quirk JM, Shayman JA, et
cardiovascular disease: A brief review of the current al. (2008). Globotriaosylceramide induces oxidative stress
literature. World journal of psychiatry. 2: 114-123. and up-regulates cell adhesion molecule expression in

14. Ricciotti E, FitzGerald GA. (2011). Prostaglandins and Fabry disease endothelial cells. Molecular genetics and
inflammation. Arteriosclerosis, thrombosis, and vascular metabolism. 95: 163-168.
biology. 31: 986-1000. 21. Vedder AC, Biro E, Aerts JM, Nieuwland R, Sturk G, et al.

. Cox TR, Erler JT. (2011). Remodeling and homeostasis of

the extracellular matrix: implications for fibrotic diseases

and cancer. Disease models & mechanisms. 4: 165-178.

. Campanholle G, Ligresti G, Gharib SA, Duffield JS.

(2013). Cellular mechanisms of tissue fibrosis. 3. Novel

(2009). Plasma markers of coagulation and endothelial
activation in Fabry disease: impact of renal impairment.
Nephrology, dialysis, transplantation: official publication
of the European Dialysis and Transplant Association -
Association. 24; 3074-3081.

European Renal

The Many Facets of Fabry Disease in the Kidney-Heart Axis. Journal of Nephrology & Kidney Diseases. 2018; 1(2):120.
LITERATURE


https://www.ncbi.nlm.nih.gov/pubmed/28933415
https://www.ncbi.nlm.nih.gov/pubmed/28933415
https://www.ncbi.nlm.nih.gov/pubmed/28933415
https://www.ncbi.nlm.nih.gov/pubmed/10961879
https://www.ncbi.nlm.nih.gov/pubmed/10961879
https://www.ncbi.nlm.nih.gov/pubmed/10961879
https://www.ncbi.nlm.nih.gov/pubmed/10961879
https://www.ncbi.nlm.nih.gov/pubmed/10961879
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3825710/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3825710/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3825710/
https://www.ncbi.nlm.nih.gov/pubmed/24175177
https://www.ncbi.nlm.nih.gov/pubmed/24175177
https://www.ncbi.nlm.nih.gov/pubmed/24175177
https://www.ncbi.nlm.nih.gov/pubmed/21508345
https://www.ncbi.nlm.nih.gov/pubmed/21508345
https://www.ncbi.nlm.nih.gov/pubmed/21508345
https://www.ncbi.nlm.nih.gov/pubmed/21324931
https://www.ncbi.nlm.nih.gov/pubmed/21324931
https://www.ncbi.nlm.nih.gov/pubmed/21324931
https://www.ncbi.nlm.nih.gov/pubmed/23325411
https://www.ncbi.nlm.nih.gov/pubmed/23325411
https://www.ncbi.nlm.nih.gov/pubmed/23325411
https://www.ncbi.nlm.nih.gov/pubmed/23325411
https://www.ncbi.nlm.nih.gov/pubmed/23915644
https://www.ncbi.nlm.nih.gov/pubmed/23915644
https://www.ncbi.nlm.nih.gov/pubmed/23915644
https://www.ncbi.nlm.nih.gov/pubmed/23915644
https://www.ncbi.nlm.nih.gov/pubmed/25415508
https://www.ncbi.nlm.nih.gov/pubmed/25415508
https://www.ncbi.nlm.nih.gov/pubmed/25415508
https://www.ncbi.nlm.nih.gov/pubmed/18161745
https://www.ncbi.nlm.nih.gov/pubmed/18161745
https://www.ncbi.nlm.nih.gov/pubmed/18707907
https://www.ncbi.nlm.nih.gov/pubmed/18707907
https://www.ncbi.nlm.nih.gov/pubmed/18707907
https://www.ncbi.nlm.nih.gov/pubmed/18707907
https://www.ncbi.nlm.nih.gov/pubmed/18707907
https://www.ncbi.nlm.nih.gov/pubmed/19515805
https://www.ncbi.nlm.nih.gov/pubmed/19515805
https://www.ncbi.nlm.nih.gov/pubmed/19515805
https://www.ncbi.nlm.nih.gov/pubmed/19515805
https://www.ncbi.nlm.nih.gov/pubmed/19515805
https://www.ncbi.nlm.nih.gov/pubmed/19515805

	ABSTRACT
	INTRODUCTION
	Figure 1
	CONCLUSION
	REFERENCES

