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Genetic polymorphism data support a relationship between
schizophrenia and microsatellite variability in PLA2G4A in
Northern Europeans not Han Chinese

A recent reanalysis of two studies of PLA2G4A microsatellite polymor-

phism in schizophrenia found a positive association when length of

the microsatellite was considered (Hudson, Zhu, & Durocher, 2021).

These now positive results from samples from Edinburgh, Scotland,

and Pittsburgh, United States, are consistent with a study of Canadian

and Northern Italian families (Hudson et al., 1996). These positive

findings stand in contrast to negative results (Frieboes et al., 2001)

utilizing the same microsatellite to investigate differences between

300 patients with schizophrenia and 300 matched healthy controls.

The length of the microsatellite was not considered in the sample that

was composed of an even mixture of subjects from German and Han

Chinese descent. This data set could not be combined with the origi-

nal reanalysis as the absolute length of the polyA sequence was not

given. Length can be inferred, however, from allele number that corre-

lates with polyA length allowing for a within study reevaluation of this

variable as well as the potential role of ethnicity.

Functional aspects of microsatellites were not known at the time

of the original PLA2G4A microsatellite polymorphism in schizophrenia

studies and the marker was utilized only for its polymorphic attributes

(Chowdari et al., 2001; Frieboes et al., 2001; Hudson et al., 1996; Price,

Fox, St Clair, & Shaw, 1997). It is now recognized that length micro-

satellites can contribute to neurodevelopmental disorders such as

schizophrenia by impairing the expression of PLA2G4A through alter-

ation of nucleosome position (Bagshaw, 2017) or by causing replication

errors that result in the production of a dysfunctional or improperly reg-

ulated cPLA2 enzyme (Leclercq, Rivals, & Jarne, 2010). The proximity of

the polyA marker (1Kb upstream from the promoter region) suggests a

functional role for this polyA sequence in the etiopathogenesis of cen-

tral nervous system (CNS) illnesses that implicate the cPLA2 enzyme

(Farooqui, Ong, Horrocks, & Farooqui, 2000). Importantly, recent work

has uncovered a significant number of noncoding RNA elements that

regulate the expression of PLA2G4A and are differentially expressed in

the dorso-lateral prefrontal cortex (DLPFC) between people diagnosed

with schizophrenia and controls subjects. These elements are putatively

acting as weak enhancers, ultimately leading to an overexpression of

the PLA2G4A transcripts in schizophrenia (Guffanti et al., 2018). There-

fore, considering the potential regulatory role of the length microsatel-

lite, and the recent reanalysis that supports a relationship between

length of the polyA microsatellite and schizophrenia in other samples, a

reevaluation of the Frieboes et al.'s data set is indicated. Additionally, it

is noted that subjects with schizophrenia in previously studied Cana-

dian and Italian samples (Hudson et al., 1996) are significantly more

likely to have both alleles in the longer polyA range (χ2 test, p < .005).

Furthermore, in this past study, the schizophrenia group was separated

into two sets based on nicotinic acid sensitivity, a putative measure of

cPLA2 dysfunction at that time (Hudson, Lin, Cogan, Cashman, &

Warsh, 1997) but now validated (Yao et al., 2016). The nicotinic acid-

insensitive patients displayed longer allelic variants than the nicotinic

acid-sensitive patients.

Here, we revisit the Frieboes et al.'s data set and analyze by allele

length also, separated by ethnicity: Northern European (Germany) and

Han Chinese (Taiwan, China) descent. These groups were distinguished at

the time of the original study but only the Han Chinese sample was ana-

lyzed separately. Analysis of the overall pooled sample of 300 patients

diagnosed with schizophrenia and 300 matched controls found no associa-

tion with the extreme length of microsatellite and schizophrenia

(p = .2514; odds ratio [OR] = 1.242; 95% confidence interval [CI],

0.7212–2.107). Similarly, a separate analysis of the Chinese sample also

found no evidence of linkage of extreme length with schizophrenia

(p = .3629; OR = 0.8308; 95% CI, 0.4224–1.651). A 2 � 2 Chi-square

analysis with patients diagnosed with schizophrenia versus controls and

normal versus extreme length polyA, however, now finds significantly

greater frequency of extreme polyA alleles in the group diagnosed with

schizophrenia in the population of Northern European descent (p = .0465;

OR = 2.269; 95% CI, 1.000–5.161). Figure 1 plots allele frequency data

from isolated Han Chinese (a) and Northern European (b) samples.

This analysis provides further evidence that the polyA microsatel-

lite near the promoter region of the PLA2G4A gene may serve as a

functional marker for schizophrenia. This linkage of the larger micro-

satellite region of this marker is now found in all samples from North-

ern European descent (a total of 348 patients and 346 controls) when

analyzed by length. All published studies of this marker demonstrate a

preponderance of extreme polyA sequences in people suffering from

schizophrenia except for one sample from the United Kingdom with a

small sample size and unclear number of alleles derived from controls

(Doris, 1998).
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While the possibility of impaired cPLA2 activity in schizophrenia

exists, a clear consensus about this does not exist with different

groups identifying higher, lower, or no difference in cPLA2 activity in

blood samples of patients diagnosed with schizophrenia compared

with samples from healthy controls (Law, Cotton, & Berger, 2006;

see meta-analysis in Xu et al., 2019). These discrepancies likely arise

from difficulties with correlating serum, plasma, or platelet PLA2

activity with the activity of cPLA2 in the brain as PLA2 activity in

blood samples can emerge from either cPLA2 activity or other forms

of PLA2. Furthermore, even studies that differentiated between

cPLA2 and other forms of PLA2 did not measure cPLA2 activity or

the amount of protein produced from the PLA2G4A gene specifically.
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F IGURE 1 Allele frequency data from isolated Han Chinese (a) and Northern European (b) samples. Fourteen different lengths of the polyA
microsatellite are represented on the x-axis (A1-A14) for both populations, both of which were isolated from the total sample from Frieboes et al. (2001)
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Analysis of cPLA2 activity in post-mortem brain tissue revealed

decreased activity in specific brain regions of patients with schizo-

phrenia (Ross, Turenne, Moszczynska, Warsh, & Kish, 1999). Similar

to the analysis of cPLA2 activity in the blood, the identification of

which gene product is responsible for the differences remains

unknown.

Consequently, we argue that an association between potentially

decreased CNS cPLA2 activity and schizophrenia pathophysiology

needs additional study. In particular, a loss-of-function or decreased

function of PLA2G4A would explain a vulnerability to neu-

rodevelopmental disorders such as schizophrenia. It is, therefore,

important to revisit investigation of this potential genetic predisposi-

tion for schizophrenia and the mechanistic consequences of this spe-

cific microsatellite thereof.

CONFLICTS OF INTEREST

Dr. C. J. Hudson holds several patents pertaining to Central Nervous

System Signal Transduction.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available in: doi.

org/10.1002/ajmg.1262.

Craig J. Hudson1

Adam M. R. Groh2

Fabio Macciardi3

Rhys C. Hudson4

1Biosential Inc., Toronto, Ontario, Canada
2Montreal Neurological Institute-Hospital, McGill University, Montréal,

Québec, Canada
3Department of Psychiatry, University of California, Irvine (UCI), Irvine,

California, USA
4Concordia University, Montréal, Québec, Canada

Correspondence

Craig J. Hudson, MD, Biosential Inc., 100 King Street West, Suite

5700, Toronto, ON M5X 1C7, Canada.

Email: craighudson@biosential.com

ORCID

Craig J. Hudson https://orcid.org/0000-0003-1017-2941

REFERENCES

Bagshaw, A. T. (2017). Functional mechanisms of microsatellite DNA in

eukaryotic genomes. Genome Biology and Evolution, 9(9), 2428–2443.
Chowdari, K. V., Brandstaetter, B., Semwal, P., Bhatia, T., Deshpande, S.,

Reddy, R., … Nimgaonkar, V. L. (2001). Association studies of cytosolic

phospholipase A2 polymorphisms and schizophrenia among two inde-

pendent family-based samples. Psychiatric Genetics, 11(4), 207.

Doris, A. B., Wahle, K., MacDonald, A., Morris, S., Coffey, I., Muir, W., &

Blackwood, D. (1998). Red cell membrane fatty acids, cytosolic

phospholipase-A2 and schizophrenia. Schizophrenia Research, 31(2–3),
185–196.

Farooqui, A. A., Ong, W. Y., Horrocks, L. A., & Farooqui, T. (2000). Brain

cytosolic phospholipase A2: Localization, role, and involvement in neu-

rological diseases. The Neuroscientist, 6(3), 169–180.
Frieboes, R. M., Moises, H. W., Gattaz, W. F., Yang, L., Li, T., Liu, X., …

Henn, F. (2001). Lack of association between schizophrenia and the

phospholipase-A2 genes cPLA2 and sPLA2. American Journal of Medi-

cal Genetics, 105(3), 246–249.
Guffanti, G., Bartlett, A., Klengel, T., Klengel, C., Hunter, R., Glinsky, G., &

Macciardi, F. (2018). Novel bioinformatics approach identifies tran-

scriptional profiles of lineage-specific transposable elements at distinct

loci in the human dorsolateral prefrontal cortex. Molecular Biology and

Evolution, 35(10), 2435–2453.
Hudson, C. J., Kennedy, J. L., Gotowiec, A., Lin, A., King, N., Gojtan, K., …

Horrobin, D. F. (1996). Genetic variant near cytosolic phospholipase A2

associated with schizophrenia. Schizophrenia Research, 21(2), 111–116.
Hudson, C. J., Lin, A., Cogan, S., Cashman, F., & Warsh, J. J. (1997). The nia-

cin challenge test: Clinical manifestation of altered transmembrane sig-

nal transduction in schizophrenia? Biological Psychiatry, 41(5), 507–513.
Hudson, C. J., Zhu, J. X., & Durocher, A. M. (2021). Re-analysis of genetic

polymorphism data supports a relationship between schizophrenia and

microsatellite variability in PLA2G4A. Psychiatric Genetics, 31(3), 102.

Law, M. H., Cotton, R. G. H., & Berger, G. E. (2006). The role of phospholi-

pases A2 in schizophrenia. Molecular Psychiatry, 11(6), 547–556.
Leclercq, S., Rivals, E., & Jarne, P. (2010). DNA slippage occurs at microsat-

ellite loci without minimal threshold length in humans: A comparative

genomic approach. Genome Biology and Evolution, 2, 325–335.
Price, S. A., Fox, H., St Clair, D., & Shaw, D. J. (1997). Lack of association

between schizophrenia and a polymorphism close to the cytosolic

phospholipase A2 gene. Psychiatric Genetics, 7(3), 111–114.
Ross, B. M., Turenne, S., Moszczynska, A., Warsh, J. J., & Kish, S. J. (1999).

Differential alteration of phospholipase A2 activities in brain of

patients with schizophrenia. Brain Research, 821(2), 407–413.
Xu, C., Yang, X., Sun, L., Yang, T., Cai, C., Wang, P., … Wan, C. (2019). An

investigation of calcium-independent phospholipase A2 (iPLA2) and

cytosolic phospholipase A2 (cPLA2) in schizophrenia. Psychiatry

Research, 273, 782–787.
Yao, J. K., Dougherty, G. G., Jr., Gautier, C. H., Haas, G. L., Condray, R.,

Kasckow, J. W., … Messamore, E. (2016). Prevalence and specificity of

the abnormal niacin response: A potential endophenotype marker in

schizophrenia. Schizophrenia Bulletin, 42(2), 369–376.

LETTER TO THE EDITOR 3

https://orcid.org/0000-0003-1017-2941
mailto:craighudson@biosential.com
https://orcid.org/0000-0003-1017-2941
https://orcid.org/0000-0003-1017-2941

	Genetic polymorphism data support a relationship between schizophrenia and microsatellite variability in PLA2G4A in Norther...
	CONFLICTS OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


