
−6 to 3.74 × 10−4, fold changes: 0.61 to 0.77). This result 
was successfully confirmed with the 384-well plate TaqMan 
real-time PCR method, which supported even greater changes 
(P values: 3.32 × 10−7 to 2.29 × 10−3, fold changes: 0.45 to 0.76). In 
the independent validation sample set, the 11 genes consistently 
exhibited decreased trend of expressions in schizophrenia, 
among which 9 genes with statistical significance were finally 
identified as candidate genes (P values: 5.27 × 10−11 to 3.58 × 10−3 

[after adjustment for smoking status], fold changes: 0.61 to 0.83).

In the 9 validated genes,* there were 3 genes that encode 
zinc-binding proteins, ie, ZNF184, ZSCAN12, and ZNRD1. 
Zinc-binding proteins usually regulate transcriptions. It deserves 
future investigation to determine whether and how these genes 
would affect gene expressions in schizophrenia. Genes HIST1H4I 

and HIST1H4C encode histones. Strong evidence of associations 
was observed within and around histone genes in schizophrenia.2 
Abnormal expression of genes related to nucleosome and histone 
structure and function has also been found in both schizophrenia 
patients and their siblings.3 MRPS18B encodes ribosomal protein 
that helps in mitochondrial protein synthesis. TUBB encodes 
tubulin that is the major constituent of microtubules. Altered 
expression of TUBB has been reported in a previous microarray 
study in schizophrenia patients.4 ABCF1 and BTN3A3 are 
immune-related genes. BTN3A3 is involved in T-cell activity 
in adaptive immune response. ABCF1 enhances protein 
synthesis and promotes inflammation. Decreased expression 
of ABCF1 had been found in the whole blood of patients with 
schizophrenia and identified as a hub gene in a gene expressional 
subnetwork.5 Decreased expression of ABCF1 and BTN3A3 
genes implies malfunctioning of inflammation processes in 
schizophrenia. Although changes in peripheral blood have 
limited power to directly reflect changes in brain tissues due 
to blood-brain barrier or tissue specificity, disturbances in the 
main neurotransmitter and hormonal systems in the central 
nervous system are concomitant with altered function of blood 
immune cells.6 Moreover, a recent study7 reported the discovery 
of the lymphatic vessel system in the central nervous system, 
which suggests gene expression changes in blood leukocytes, 
might affect normal inflammation process in brains and cause 
psychiatric symptoms.

In conclusion, this study revealed down-regulation of 9 
xMHC-region gene expressions in first-episode and drug-naïve 
schizophrenia patients, which was consolidated by 2 real-time 
PCR–based experimental platforms and 2 independent sample 
sets. This result suggests a decreased transcriptional activation 
in the xMHC region and highlights potential malfunctioning of 
immune cells in schizophrenia. Compounds that can normalize 
the expressions of certain genes may have therapeutic effects. 
Although our sample sizes are relatively small, given the strictly 
controlled sample background and the consistency in 2 subsets, 
the candidate genes we identified may serve as genetic markers 
for schizophrenia. Future validation in other larger populations 
is suggested.

*Definitions for the genes appear in the Figure 1 footnote.
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