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Dear Editor

Deficit schizophrenia (DS) is defined as a homogeneous subtype
of schizophrenia characterized by primary and persistent negative
symptoms (Carpenter et al., 1988; Kirkpatrick and Galderisi,
2008). Compared to non-deficit schizophrenia (NDS), DS patients
exhibited uniqueness in clinical characteristics, such as a higher
rate in males, summer birth, poorer treatment responses, and
long-term functional outcome. Most evidence suggested more se-
vere neurocognitive impairments were observed in patients with
DS relative to NDS (Cascella et al., 2008). However, the distinct
pathophysiological foundation of neurocognitive deficit in DS pa-
tients remains unclear.

Matrix metalloproteinase 9 (MMP-9), the member of extracellu-
lar proteolytic family of enzymes, recently emerged as an important
molecule that contributed to physiological processes and brain pa-
thologies (Vafadari et al., 2016). The expression pattern and specific
dendritic localization suggested MMP-9s involvement in synaptic
plasticity, learning, and memory (Lepeta and Kaczmarek, 2015).
MMP-9 plays a prominent role in the critical developmental period
(Aujla and Huntley, 2014), during which snaptic circuits are formed
and mature. Sinece DS demonstrated a peculiar developmental tra-
jectory with poorer premorbid adjustment relative to NDS (Bucci
et al., 2016), this drawn significant attention to the potential associ-
ation of MMP-9 in the pathogenesis of DS subtype. Previous studies
have already indicated that MMP-9 might be one potential candidate
gene related to schizophrenia (Lepeta et al., 2017; Rybakowski et al.,
2009). DNA methylation is one of the most common epigenetic fac-
tors occurring at cytosine residues in C-phosphate-G (CpG) dinucle-
otides within particular sequences, resulting in altered genomic
expression. However the association between MMP-9 methylation
and behavior in schizophrenia has not yet been reported. Thus, the
present study was aimed to characterize MMP-9 methylation and in-
vestigate the correlations with multiple indices of neurocognition in
DS patients.

A total of 97 male schizophrenic patients, including 46 DS and 51
NDS, and 44 age- and gender-matched healthy controls (HC) were re-
cruited. The overall patients were divided into DS and NDS subgroups
according to the Chinese version of the Schedule for the Deficit
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Syndrome (SDS) (Wang et al., 2008). A battery of neurocognitive tests,
including Spatial Processing Block Design, Trail Making Test-A, B
(TMT-A, B), and the Stroop Color-Word test (SCWT), were employed
to assess multiple neurocognitive domains for all participants. Pyrose-
quencing approach was performed to determine the methylation status
in the sequence of interest that contained 9 CpG sites in exon 4 and exon
5 in MMP-9 (Fig. 1A). For each CpG site, the percentage of methylation
was analyzed as a C/T single nucleotide polymorphism using the follow-
ing equation: C (%) = C/(C 4+ T).

ANCOVA analyses were employed to identify differences among
three groups for DNA methylation and neurocognitive assessments
using years of education as a covariant. Partial correlation analyses
were used to determine the relationships between methylation
percentage of each MMP-9 CpG site and specific neurocognitive impair-
ments. For multiple comparisons among three groups for 9 CpG sites, a
Bonferroni-corrected p value of 0.0056 (0.05/9) was applied. In all other
cases, p < 0.05 was considered statistically significant.

The results indicated DS patients demonstrated more severe impair-
ment in each neurocognitive test compared to NDS and HC subjects (all
ps<0.05). The percentage of methylation across the 9 CpG sites in MMP-
9 gene was significantly different among three groups. All individual
CpG site in DS patients had a significantly lower methylation status
when compared to HC subjects (all adjusted ps < 0.001). When com-
pared to NDS patients, lower methylation in CpG4-4, CpG4-5, CpG5-1,
CpG5-2, CpG5-3, and CpG5-4 (all adjusted ps < 0.001) were observed
in DS patients. No significant differences were observed in CpG4-2,
CpG4-3 between DS and NDS patient groups, and DS patients demon-
strated a higher level of CpG4-1 (Fig. 1B).

Partial correlation analyses were performed to determine the as-
sociation between methylation of CpG sites and neurocognitive mea-
surements in DS and NDS patients, controlling for influence factors
(See stepwise regression analyses in supplementary material). The
results indicated a significant correlation between deteriorated vi-
suospatial abilities and declined methylation level of CpG5-4, and a
significant positive correlation between the time-consuming of
TMT-B and methylation status of CpG4-5 site in DS patients
(Fig. 1C). None of these neurocognitive functional measures indi-
cated a significant correlation with individual CpG site methylation
in NDS patients.

In present study, we focused on the methylation of candidate gene
MMP-9, for it has been considered to have pathological importance in
schizophrenia (Lepeta and Kaczmarek, 2015; Lepeta et al., 2017). Our
results revealed the individual hypo-methylation CpG site of MMP-9 in
DS patients might be correlated with neurocognitive impairments
such as visual spatial memory, working memory, and executive func-
tion. These corresponding associations were not observed in NDS pa-
tients, highlighting the unique role for epigenetic processes of MMP-9
in the pathophysiology of DS. This was the first study to provide evi-
dence that methylation of MMP-9 was involved in neurocognitive im-
pairments in DS, contributing to our understanding of this unique
schizophrenia subtype.
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Fig. 1. A) Location of the MMP-9 gene and the 9 CpG sites for pyrosequencing. B) The comparisons of DNA methylation in individual CpG site in the MMP-9 gene among DS, NDS, and HC
groups. Data are shown as the mean 4 standard error of the mean. * = DS vs. NDS p < 0.0056 (0.05/9). C) Scatter plots of the CpG site methylation and scores of the neurocognitive
performance in the DS group. Data are presented in unstandardized residual form. DS, deficit schizophrenia; NDS, non-deficit schizophrenia; HC, healthy controls; TMT—B, trail

making test-B.

Funding

This study was supported by the National Natural Science Foundation of China (NSFC)
(Nos. 81371474, 81571314, 91132727 and 31671144), National Key Research and Devel-
opment Program (2016YFC1307002), Medical Key Talent Projects in Jiangsu, Province
(ZDRCA2016075), the Six Talent Peaks Projects in Jiangsu Province (No. 2015-WSN-
071) and the Shanghai Changning Medical Research Program (CNKW2016Y17).

Contributions

All authors reviewed and contributed to the final version of the manuscript. Addi-
tional contributions are stated below.

Ju Gao was responsible for data analyses and preparation of the manuscript. Xiaowei
Tang and Ju Kang performed experiments, analyzed the data. Chunming Xie and Miao Yu
contributed to the interpretation of findings and preparation of the manuscript. Weiwei
Sha and Xiaobin Zhang were responsible for obtaining ethical approval and performing
the neurocognitive assessments. Xiang Wang offered the Chinese version of SDS.
Xiangrong Zhang and Hongwei Yi came up with the hypothesis, designed the experimen-
tal strategy and obtained funding for the study.

Conflict of interest
All authors declare there are no conflicts of interests.

Acknowledgments
We sincerely thank Hao Tang for preparing experiments and Gavin P. Reynold for
polishing the article.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.schres.2018.10.005.

References

Aujla, PK,, Huntley, G.W., 2014. Early postnatal expression and localization of matrix
metalloproteinases-2 and -9 during establishment of rat hippocampal synaptic cir-
cuitry. ]. Comp. Neurol. 522 (6), 1249-1263.

Buci, P., Mucci, A., Piegari, G., Nobile, M., Pini, S., Rossi, A., Vita, A., Galderisi, S., Maj, M.,
2016. Characterization of premorbid functioning during childhood in patients with
deficit vs. non-deficit schizophrenia and in their healthy siblings. Schizophr. Res.
174 (1-3), 172-176.

Carpenter Jr., W.T., Heinrichs, D.W., Wagman, A.M., 1988. Deficit and nondeficit forms of
schizophrenia: the concept. Am. J. Psychiatry 145 (5), 578-583.

Cascella, N.G., Testa, S.M., Meyer, S.M., Rao, V.A., Diaz-Asper, C.M., Pearlson, G.D.,
Schretlen, D.J., 2008. Neuropsychological impairment in deficit vs. non-deficit schizo-
phrenia. ]. Psychiatr. Res. 42 (11), 930-937.

Kirkpatrick, B., Galderisi, S., 2008. Deficit schizophrenia: an update. World Psychiatry 7
(3), 143-147.

Lepeta, K., Kaczmarek, L., 2015. Matrix Metalloproteinase-9 as a novel player in synaptic
plasticity and schizophrenia. Schizophr. Bull. 41 (5), 1003-1009.

Lepeta, K., Purzycka, K.J., Pachulska-Wieczorek, K., Mitjans, M., Begemann, M.,
Vafadari, B., Bijata, K., Adamiak, R.W., Ehrenreich, H., Dziembowska, M.,
Kaczmarek, L., 2017. A normal genetic variation modulates synaptic MMP-9 pro-
tein levels and the severity of schizophrenia symptoms. EMBO Mol. Med. 9 (8),
1100-1116.

Rybakowski, ].K., Skibinska, M., Kapelski, P., Kaczmarek, L., Hauser, J., 2009. Functional
polymorphism of the matrix metalloproteinase-9 (MMP-9) gene in schizophrenia.
Schizophr. Res. 109 (1-3), 90-93.

Vafadari, B., Salamian, A., Kaczmarek, L., 2016. MMP-9 in translation: from mole-
cule to brain physiology, pathology, and therapy. J. Neurochem. 139 Suppl 2,
91-114.

Wang, X., Yao, S., Kirkpatrick, B., Shi, C., Yi, J., 2008. Psychopathology and neuropsycholog-
ical impairments in deficit and nondeficit schizophrenia of Chinese origin. Psychiatry
Res. 158 (2), 195-205.


https://doi.org/10.1016/j.schres.2018.10.005
https://doi.org/10.1016/j.schres.2018.10.005
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0005
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0005
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0005
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0010
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0010
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0010
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0015
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0015
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0020
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0020
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0025
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0025
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0030
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0030
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0035
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0035
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0035
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0040
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0040
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0040
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0045
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0045
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0045
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0050
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0050
http://refhub.elsevier.com/S0920-9964(18)30607-8/rf0050
Image of Fig. 1

Letter to the Editor 457

Ju Gao'

Department of Geriatric Psychiatry, Nanjing Brain Hospital Affiliated to
Nanjing Medical University, Nanjing, Jiangsu 210029, China

Centers for Disease Control of Mental Disorders, Shanghai, Changning
Mental Health Center, Shanghai 200335, China

Xiaowei Tang!

Department of Geriatric Psychiatry, Nanjing Brain Hospital Affiliated to
Nanjing Medical University, Nanjing, Jiangsu 210029, China
Department of Psychiatry, Wutaishan Hospital of Yangzhou, Yangzhou,
Jiangsu 225003, China

Ju Kang
Centers for Disease Control of Mental Disorders, Shanghai, Changning
Mental Health Center, Shanghai 200335, China

Chunming Xie
Department of Neurology, Affiliated ZhongDa Hospital, School of Medicine,
Southeast University, Nanjing, China.

Miao Yu
Department of Geriatric Psychiatry, Nanjing Brain Hospital Affiliated to
Nanjing Medical University, Nanjing, Jiangsu 210029, China

Weiwei Sha

Department of Psychiatry, Wutaishan Hospital of Yangzhou, Yangzhou,
Jiangsu 225003, China

1 These two authors contributed equally to this work.

Xiang Wang
Medical Psychological Institute of the Second Xiangya Hospital, Changsha,
Hunan 410011, China

Xiaobin Zhang
Department of Psychiatry, Wutaishan Hospital of Yangzhou, Yangzhou,
Jiangsu 225003, China

Xiangrong Zhang

Department of Geriatric Psychiatry, Nanjing Brain Hospital Affiliated to
Nanjing Medical University, Nanjing, Jiangsu 210029, China
Corresponding authors.

E-mail address: drxrz@hotmail.com.

Hongwei Yi

Department of Pharmacology, School of Medicine, Southeast University,
Nanjing, Jiangsu 210009, China

Corresponding authors.

E-mail address: hwyi@seu.edu.cn.

19 July 2018



	Correlation between neurocognitive impairment and DNA methylation of MMP-9 gene in patients with deficit schizophrenia
	Funding
	Contributions
	Conflict of interest
	Acknowledgments
	Appendix A. Supplementary data
	References


