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 Mutations in the GBA gene are one of the most common genetic fac-
tors associated with Parkinson’s disease, yet it is still unknown how 
the enzyme coded by the gene, glucocerebrosidase (GCase), directly 
LQÀXHQFHV� SDWKRJHQHVLV�� +RZHYHU�� UHFHQW� V\VWHPDWLF� LQYHVWLJDWLRQ�
RIIHUV�DQVZHUV�UHJDUGLQJ�WKH�LPSRUWDQW�UROH�*&DVH�PD\�SOD\�LQ�WKH�

ULVN�IDFWRU�RI�GHYHORSLQJ�WKH�GLVHDVH�

Imagine a disease that could strike at any time, where prevention is fu-
tile and nearly all cases have an unknown origin or cause. Parkinson’s 
disease (PD) has a nearly identical epidemiology to this hypothetical dis-
ease, and though many breakthroughs in its pathology have occurred over 
the last 200 years, many of the risk factors and contributors to the de-
velopment of Parkinson’s disease are still shrouded in mystery. Using a 
combination of methods, Henderson et al. (2020) explores the complex 
interactions between the activity of a lysosomal enzyme, GCase, and the 
DFFXPXODWLRQ�RI�GDQJHURXV�IRUPV�RI�Į�V\QXFOHLQ��WKH�KDOOPDUN�LQGLFDWRU�RI�
Parkinson’s disease. This proverbial unveiling of the role of GCase activ-
ity, and by extension mutations in the GBA1 gene which codes for it, pro-
foundly improve both our understanding of the pathology of parkinsonian 
diseases and opens the door to future therapeutic targets for treatment.
Though many cases of PD are idiopathic, the prevalence of a relationship 
between GCase dysfunction and PD is apparent, with around 8-12% of 
sporadic cases involving a single mutation in the GBA gene (Avenali et al., 
2020, p. 1). Although the majority with this mutation may not go on to devel-
op Parkinson’s disease, the likelihood of developing the disease increases 
¿YH�IROG�IRU�WKRVH�ZKR�KDYH�LW��0LFKHO�HW�DO���������S��������,QGLYLGXDOV�ZLWK�
mutations have also been shown to develop non-motor symptoms such as 
dysfunctional smell and psychiatric symptoms more than controls before 
GHYHORSLQJ�DQ\�SDUNLQVRQLDQ�V\PSWRPV��0LJGDOVND�5LFKDUGV�	�6FKDSLUD��
������S�������$GGLWLRQDOO\��SDWLHQWV�ZLWK�*%$�PXWDWLRQV�RIWHQ�KDYH�PXFK�PRUH�
aggressive disease development, slightly earlier onset, and more often de-
YHORS�GHPHQWLD�FRPSDUHG�WR�QRQ�*%$�VSRUDGLF�3'�SDWLHQWV��'HO�5H\�HW�DO��
2018, p. 4), illustrating the importance of decoding these cellular interactions.

It is both unknown and debated whether the mechanism for PD patho-
genesis due to GCase dysfunction is a loss-of-function mechanism, where 
reduction of GCase activity results in pathology. Likewise, it is similarly 
debated whether a gain-of-function mechanism is at play, where the mutat-
HG�IRUP�LV�WKH�FDXVH�RI�SDWKRORJ\�LWVHOI��0LJGDOVND�5LFKDUGV�HW�DO���������
S�� ��������'HVSLWH� WKHVH� WZR� FRQÀLFWLQJ�K\SRWKHVHV�� WKH� IRUPHU� LV�PRUH�
widely accepted (Blumenreich et al., 2020). Additionally, research suggests 
WKHUH�PD\�EH�D�SRVLWLYH�IHHGEDFN�ORRS�ZKHUH�DFFXPXODWLRQ�RI�Į�V\QXFOHLQ�
may act as an inhibitor of GCase activity, which in turn allows for more 

DFFXPXODWLRQ� RI� Į�V\QXFOHLQ� �0LFKHO� HW� DO��� ������ S�� ������7KLV� OHDGV� WR�
D� YLFLRXV� F\FOH� WKDW� RQO\� DPSOL¿HV� LWVHOI� DQG� VKRZV� WKDW� WKH� LQWHUDFWLRQ�
may not be a simple linear relationship. However, the actual process of 
how mutations of GBA1 modulate and elevate the risk of developing dan-
JHURXV� IRUPV� RI� Į�V\QXFOHLQ� VWLOO� UHPDLQV� D�P\VWHU\� IRU� QHXURVFLHQWLVWV�
Using a variety of in-vitro cell cultures and in-vivo mouse models, Hen-
derson et al. (2020) systematically set out to answer this question once 
and for all. The researchers hypothesized that GCase inhibition acted as a 
modulator, rather than a direct cause, performing more like a dimmer knob 
RQ�D�ODPS�UDWKHU�WKDQ�D�IXOO�EORZQ�VZLWFK�LWVHOI��7R�WHVW�WKLV��WKH\�¿UVW�VHW�RXW�
WR�GH¿QH�WKH�G\QDPLFV�RI�WKH�LQWHUDFWLRQ�EHWZHHQ�Į�V\QXFOHLQ�DQG�*&DVH��
First, Henderson et al. (2020) investigated the role GCase inhibition played 
LQ� WKH� IRUPDWLRQ� RI� QHZ� SDWKRORJLFDO� Į�V\QXFOHLQ� DJJUHJDWHV�� 8VLQJ� SUL-
mary hippocampal neurons (PHN), the brain cells found within the part 
of the brain responsible for memory, they inhibited GCase activity by in-
MHFWLQJ�FRQGXULWRO�ȕ�HSR[LGH��&%(���ZKLFK�LV�D�VPDOO�PROHFXOH�WKDW�DFWV�DV�
DQ�LQKLELWRU��&%(�HIIHFWLYHO\�DFWV�DV�D�VWRS�VLJQ��KDOWLQJ�DOO�*&DVH�DFWLYLW\�
without actually reducing the amount of GCase in the cells (Henderson 
et al., 2020, p. 824). Additionally, the researchers injected small clumps 
RI�SUH�DJJUHJDWHG�Į�V\QXFOHLQ�SURWHLQ�FDOOHG�SUH�IRUPHG�¿EULOV��3))V��LQWR�
some of the cells to act as an additional control. It was found that ag-
JUHJDWLRQ�RI�Į�V\QXFOHLQ��ERWK�ZLOGW\SH�DQG�SDWKRORJLFDO� IRUPV��ZHUH�QRW�
present with only GCase inhibition. However, with the addition of PFFs, 
DJJUHJDWLRQ� VLJQL¿FDQWO\� LQFUHDVHG� ZKHQ� SDLUHG� ZLWK� *&DVH� LQKLELWLRQ��
This shows that inhibition of GCase alone is not enough to cause new 
aggregation in healthy cells (Figure 1a) but supports the hypothesis 
that the enzyme modulates pre-existing pathology. Additionally, Hen-
derson et al. (2020) found that with the addition of PFFs, healthy hippo-
campal cells with normal GCase function experienced a time-depen-
dent reduction in GCase activity prior to addition, further supporting the 
idea of a positive feedback loop between the two proteins (Figure 1b). 
Additionally, Henderson et al. (2020) investigated whether different neuro-
nal cells were susceptible to developing synucleinopathy more than oth-
ers when plagued with GCase dysfunction. Using similar methods to the 
ones described previously, neurons from three different regions of the brain 
were shown to respond to GCase inhibition differently. In addition to hippo-
campal neurons, cortical neurons, which constitute the outermost part of 
our cerebral cortex, and midbrain neurons, most often associated with the 
connections responsible for motor functioning, were tested. Whereas hip-
SRFDPSDO�QHXURQV�VKRZHG�YHU\�OLWWOH�HOHYDWLRQ�LQ�SDWKRORJLFDO�Į�V\QXFOHLQ�
ZLWK� WKH�DGGLWLRQ�RI�&%(��ZKHQ�SDWKRORJ\�ZDV� LQLWLDOO\� ORZ�DV�VHHQ�ZLWK�
WKH� FRUWLFDO� DQG�PLGEUDLQ� QHXURQV�� SDWKRORJLFDO� Į�V\QXFOHLQ� DJJUHJDWLRQ�
increased by 50% and 4-fold, respectively (Henderson et al., 2020, p. 825-
������7KHVH�UHVXOWV�VKRZ�D�VLJQL¿FDQW�VXVFHSWLELOLW\�RI�PLGEUDLQ�QHXURQV�
WR�DJJUHJDWLRQ�UHODWHG�WR�*&DVH�G\VIXQFWLRQ��ZKLFK�LV�DQ�LPSRUWDQW�FRQ¿U-
mation as midbrain neurons are both primarily and initially affected in PD.
By providing a much deeper, more concrete understanding related to one 
of the most common genetic factors associated with Parkinson’s disease, 
WKHVH�¿QGLQJV�QRW�RQO\�VKHG�OLJKW�RQ�LQWUDFHOOXODU�DJJUHJDWLRQ�RI�Į�V\QXFOHLQ��
but may also provide additional hints for how pathology spreads throughout 
the brain. Lysosomal dysfunction may lead to increased exocytosis, or the 
dumping of intracellular molecules out of the cell. This has been hypoth-
HVL]HG�DV�D�SRVVLEOH�ZD\�WKDW�SDWKRORJLFDO�Į�V\QXFOHLQ�VSUHDGV�IURP�RQH�
region of the brain to another, as is the case in later stages of the disease 
�$EHOLRYLFK�DQG�*LWOHU��������S��������,Q�DGGLWLRQ�WR�VLPSO\�LOOXPLQDWLQJ�WKLV�
QHXURELRORJLFDO�LQWHUDFWLRQ��WKHVH�¿QGLQJV�DOVR�FRQ¿UP�WKH�SRVVLELOLW\�RI�D�
brighter future as this understanding can open the door to future therapeu-
tic targets for treatment. One such treatment could arise from the use of 
small-molecule chaperons, which act like big brothers, guiding misfolded 
GCase proteins back into alignment to allow for increased activity, which may 
LQ�WXUQ�DIIHFW�WKH�GHJUDGDWLRQ�RI�SDWKRORJLFDO�Į�V\QXFOHLQ��$ÀDNL�HW�DO���������
S��������2QH�VXFK�VPDOO�PROHFXOH�FKDSHURQH�WKDW�LV�FXUUHQWO\�LQ�D�3KDVH�
2 clinical trial, Ambroxol, has shown promising results through increased 
*&DVH�DFWLYLW\�DQG�VXEVHTXHQW�Į�V\QXFOHLQ��%ODQGLQL�HW�DO��������S�������
Though a cure for Parkinson’s disease is still quite far from the grasp of neuro-
scientists, as our understanding of the disease expands and the weakness-
es with which we can formulate treatments are illuminated, we are brought 
closer to a moment where the sporadic nature of the disease no longer 
lurks in the shadows. With their research, Henderson and colleagues have 
laid a strong foundation for future investigation into the mechanisms that 
underlay this relationship. As our knowledge grows, understanding of how 
GCase inhibition may play a part in purely sporadic cases may grow as well.
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