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HLA-III REGION GENETIC DIVERSITY IN SCHIZOPHRENIA
Polymorphism(s) of the RCCX Other Genes
CYP2IA1 and CYP21A2. Taking into account the location of the C4 genes, it was

reasonable to investigate the RCCX other genes CNV and SNPs, as the most probable
candidates to be linked with the C4B deficient haplotypes of the RCCX.

According to the results obtained, 16% of SP from the Armenian population had either
CYP21AI or CYP21A2 deletion in one of their chromosomes, while only in 4% of healthy
controls such deletions occurred (Fisher's exact P<0.10). Only 3 out of 11 deletions in total
sample (SP+C) were deletions of the CYP21A2 gene. Interestingly, the functional CYP21A2
haplodeficiency was determinant for SP, but was not significantly different from controls
(Fisher's exact P<0.25). The CYP21A2 GCN varied from 1 to 3 copies in subjects of the
CBDB/NIMH 115 family sample. Three cases versus seven controls had 1 copy of the gene,
and 4 patients versus 7 controls had duplication of the CYP21A2. According to Chi? statistics,
there was no significant difference between cases and controls in regard to CYP21A2 GCN
variation (P<0.22). Moreover, FBAT analysis of the CNV data showed under-transmission to
patients of the RCCX units without functional CYP21A2 gene (27 families: FBAT P<0.034).
To identify linkage between GCN of CYP21A2 and C4BQO, a correlation analysis was
performed which did not found any significant linkage between CNV of both genes (r=0.07,
P>0.44; R2=0.005). None with 1 copy CYP21A2 had C4BQO, and only one had CYP21A2
duplication combined with C4BQO.

The CYP21A2 rs6472 SNP genotypes were within HWE in the cases (P>0.70) and controls
(P>0.06). According to data obtained neither a case-control (n=722: Fisher's exact test P>0.36;
G/G vs. G/C genotypes: P>0.22, and G/G vS. CIC genotypes P>0.86), nor a transmission
distortion was observed to support the SNP association with schizphrenia (39 families, z=0.98,
P<0.32). Interestingly, in comparison with controls with G/G genotype, HV with the
heterozygous genotype of the CYP21A2 rs6472 SNP had a decreased attention (n=343,
P<0.001) and tendency to the low performance of the Nback test (n=328, P<0.092). Visual
memory (n=242, P<0.095) and performance of the card sorting test (n=337, P<0.088) had
tendency to decline in controls homozygote for the minor allele

TNXB. Identification of GCN of the TNXB gene in 115 family subset of the CBDB/NIMH
sample revealed the TNXB GCN varied from 1 to 3 copies in subjects investigated. Only a
mother and 2 siblings had 1 copy of this gene in their diploid genome. 11 cases versus seven
controls had 3 copy of the gene. There was no significant difference between cases and controls
in regard to TNXB GCN variation (P>0.46). Moreover, FBAT analysis of the GCN showed no

transmission distortion of the TNXB single gene or duplicated variant within RCCX units (19
families: FBAT P>0.49). Only one HV had a combination of C4BQO and a duplication of the
TNXB. Linkage measurement with GCNV of both genes showed non significant LD
(R?=0.0037). From the RCCX data of the family sample, it was possible to make an assumption
that in this family sample LD between C4BQo and TNXB duplicate variant in RCCX unit

haplotypes is approximately 0.0043% (R?=0.0043), which is similar to the controls" data.
According to the data obtained, only one (rs204900) out of 5 investigated SNPs was out of

HWE in the cases (P<0.0001). The TNXB rs2071293 (CIT) and rs185819 (Arg[G/A]His
according to NP_061978.6)) SNPs were associated with schizophrenia (Table 13). FBAT=
showed under-transmission of and (NM_019105.6) alleles of the SNPs to Sr: (z=
2.855; p<0.005; 2=-2.757; p<0.004, respectively). Two combinations of three- marker

haplotypes involving those SNPs were contributing to schizophrenia as well (1. rs2249429-
rs204887-rs185819: global FBAT P<0.009; 2. rs185819-rs204900-rs20712 global F.BAT

P<0.008) (Table 14). As single markers
not show any difference in the transmission.

FBAT analysis of parent-healthy siblings trio data suggested a significant
TNXB rs185819-rs204900-rs20712 haplotype with cognitive parameters,
and visual memories (P<0.004), memory span (P<0.015), processing
performance of Nback (P<0.04) and card sorting tests (P<0.01) (Table

Table 13. Results of FBAT analysis of
TNXB SNP genotyping data of 176 European-
American families from the CBDBINIMH
sample.

Table 14. FBAT analysis of the three-
marker haplotypes of the TNXB SNPs.

The highest LD was observed
between schizophrenia associated
SNPs within the solid block of the
schizophrenia-associated haplotype,
as well as with some cognitive traits,
i.e. rs185819-rs204900-rs20712
which was tagged by tag SNP of the
region, rs185819.

Table 15. Significant associations of the
TNXB gene rs185819-rs204900-rs20712
SNPs haplotypes with cognitive traits.

There was association of the
TNXB GCNV neither with
schizophrenia, nor with C4B
heterozygote deficiency found in
schizophrenia. However, two out of
five TNXB SNPs investigated showed
a significant association with the
disease. The minor alleles of
rs2071293 (T) and rs185819 (A)
SNPs were over-transmitted to
patients conferring a risk of
schizophrenia (P<0.005). More-over.
with the major contribution of minor
alleles, two SNP haplotype variants
were significantly associated with
schizophrenia of those TNXB SNPs
(P<0.009), one of which composed
solid LD block, rs185819-rs204900-
rs2071293 and was associated with
memory span, processing speed/10
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Polymorphism(s) of the Other Genes in the HLA-III region
...

HSPAIL, HSPAIA and HSPAIB The HSPA1A, HSPA1B and HSPAIL (MIM*140550,
*603012 and *140559) genes in HLA-III region (+150kbp telomeric from the RCCX) were
targeted for schizopbrenia genetic association study. All investigated SNPs of HSP-70 region
were in HWE (P>0.05) (Table 16). According to FBAT results, four out of nine genotypedI SNPs showed association with schizophrenia. The disease association was observed for
synonymous SNP rs2075799 in the coding region of the HSPAIL locus. Almost two fold
increased OR for the over-transmission of major 'G' allele of this SNP to an affected offspring
(z=1.9, P<0.048). In addition, the SNP rs2075800 displayed an association with the disease in
the CBDB core 176 family sample (fame#=75, 2=-2.104, P<0.035). However, when the
investigated family number had increased to 296 families (the CBDB sibling study dataset), the
association probability reached to a non significant value (Table 16). Thus, FBAT showed a
tendency to under-transmission of allele of this non-synonymous SNP to SP (E602K: 2=-
1.867; p<0.058). It was reflected in over-transmission of the тs2075800-rs2227955-rs222
(A-A-T: z=1.97; p<0.044) and-13207580--5227956-ss2 (A-T-G: 2=2.086, p<0.032)
haplotypes involving allele of this SNP to SP. However, none of the haplotype associations
reached significance (global P>0.1), which indicated that the association of the HSPAIL locus
was rather by single markers contribution to schizophrenia susceptibility with a risk effect of
non-synonymous rs2075800 and a protective effect of rs2075799 SNPs. The latest assumption
was confirmed by the data of LD measurements, which indicated very low linkage between the
HSPAIL SNPs (R?<0.1). A case-control comparison of the data found increased number of SP
with heterozygous rs2227956*T/C genotype (OR=1.48, P<0.027).

Table 16. Results of FBAT analyses of the nine SNPs of the HLA-III HSP-70 region in the CBDBINIMH
Caucasian 296 family sample. The HSPAIL rs2227955 and HSPAIB rs13217108 SNPs were investigated
only in the CBDB core sample (176 families).

_SNP ID Gene LD code Allele fam# P
rs2075800 HSPAIL P6644 G 101 -1.867 0.058
rs2227955 HSPAIL P6645 A 14 0.474 0.602
rs2227956 HSPAIL P6677 T 86 0.883 0.388
rs2075799 HSPAIL P6646 G 58 _....5 0.048
rs1043618 HSPAIA P6648 G 116 2.024 0.034
rs2763979 HSPAIB P6649 с 111 2.026 0.039
rs13217108 HSPAIB P6650 с 17 0.243 0.849
rs6457452 HSPAIB P6651 с 51 2.037 0.048
rs1061581 HSPAIB P6689 A 115 1.431 0.126

Strikingly, the data from controls, who had passed a number of cognitive tests, revealed that
minor allele rs2227956*C was associated with decreased information processing speed/10
(n=362; heterozygotes: coef=-0.13, P<0.016; homozygotes: coef=-0.35, P<0.025). Besides,
schizophrenia contributing SNPs rs2075800 and rs2075799 in heterozygous genotypes were
related with high and low estimates of the card sorting test with flip-flop effects (n=336;
coef=2.18, P<0.002 and coef =-2.0, P<0.019, respectively). Moreover, the SNP rs2075799 in
homozygote genotype SP subgroup showed the lowest coefficient with a tendency to associate
with the card sorting test results (n=221; z=99.21, P<0.088). These single marker associations
with cognitive traits were reflected in association with the haplotype variants of those SNPs
with information processing speed/1Q and card sorting test performance (Table 17).
Intriguingly, the association direction between the controls genotypes for the cognitive traits
were similar to those in schizophrenia association test, implicating the HSPAIL those SNPs to a

certain cognitive intermediate phenotype with information processing lower speed and 1Q, and
inefficient performance of the card-sorting test (Tan et al., 2008), which might invest to the
cognitive deficit seen in schizophrenia.

Table 17. Association of the HSPAIL SNP haplotypes
with cognitive traits in 362 controls.

HSPA1A. According to the data _rs2075800 _rs2227956 - rs2075799
obtained, the only SNP investigated in Processing Speed /10 global 0.0047the promoter region (-27 G/C) of the G -0.757 0.449
HSPAIA was also associated with G T 1.884 0.060
schizophrenia (Table 16). FBAT G с -3.005 0.003
revealed an over-transmission of the A T 1.853 0.064
major *G allele of rs1043618 to SP Card Sorting test global 0.0199
(z=2.043, P<0.034). Therefore, it was G -0.946 0.344
assumed that the minor allele G I -2.420 0.016might G с -0.067 0.947have a protective effect against A T G 2.543 0.011
schizophrenia. The controls' data,
showed tendency to an association of the SNP rs1043618 homozygote genotype with
information processing speed/10 (n=361, coef=0.13, P<0.079) and a significant association
with a low score of the card sorting test (n=336, coef=-2.8, P<0.007).

The HSPAIB promoter rs2763979 (C/T; z-2.03, P<0.039) and rs6457452 (C/T; z=2.04,
P<0.048) SNPs alleles were associated with schizophrenia, unlike rs13217108 and coding
SNP rs1061581 (Table 16). As a single marker and in a haplotype with the other promoter
rs6457452 and rs13217108 SNPs, "T' allele of rs2763979 was under-transmitted to SP (T-C-T:
2=-2.129, P<0.032). Similarly, the minor "T' of rs6457452 SNP alone and in the SNP
haplotypes 152763979-ts13217108-rs64 and rs2763979-тs6457452-тs106 was under-
transmitted to SP (z=-2.13, P<0.032; and 2=-2.1,_ P<0.038; respectively). However, only for the
last haplotype variants global probability reached too close to significance (P<0.067. The latest
notion was confirmed by LD measurements. Relatively high linkage was registered between
rs13217108 and rs6457452 SNPs (R?=-0.4).

The data of healthy unrelated controls revealed that heterozygote genotype of the
rs6457452 SNP had tendency to be associated with information processing speed/10 (n=366,
coef=0.12, P<0.066). Moreover, the quantitative trait analysis in parent-health child trios
demonstrated that the rs6457452*T variant significantly up-regulates both: information
processing speed and (z=1.7, P<0.04). The same genotype of schizophrenia risk allele of the
rs2763979 SNP was significantly associated with the low performance of the card sorting test
(n=336, coef=-2.45, P<0.025). The data showed association of three-marker haplotypes of the
HSPAIB with verbal memory with a key impact of this SNP (1. rs2763979-rs13217108-
rs6457452: P<0.041; 2. (Table 18). As the
reflection of the rs6457452 single marker moderate association with memory information lower
processing speed/1Q, a variant of the тs2763979-тs6457452-тs106 haplotype with
schizophrenia risk alleles was related with lower measures of these cognitive parameters (z=
2.3, P<0.021), but again due to LD noise coming from rs1061581 SNP, the global probability
was not significant (P<0.1). The use of healthy controls for genetic association at the level of
brain function avoids potential confounders related to chronic illness and medical treatment.
Thus, as in case of HSPAIL and HSPA1A, schizophrenia risk single markers of HSPA1B locus
had either tendency to be associated with lower processing speed/10 (rs6457452) or were
significantly associated with lower performance of the card sorting test (rs2763979), indicating
their contribution into the same endophenotype with the mentioned cognitive features, where
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the genetic variants of the HSPAIL
healthy controls, the same alleles
predict significantly lower intelligence
speed. It is noteworthy that ssmilar
to schizophrenia risk genotypes of
rs2763979: fam#=76, FBAT z=-1.99,
FBAT z=-1.74, P<0.04), who share
schizophrenia. In haplotype variants
phenotype than those of HSPAIL and
significantly down-regulating the verbal
SNPs in association with the illness
(rs1043618) and HSPAIB (rs2763979
SNP rs2075800 showed tendency for
schizophreni&

TNFa. On the Armenian case-
control and the CBDB/NIMH family
cohorts, we had performed
schizophrenia association study to
verify the TNFa (MIM*191160) -
308 (rs1800629*G/A) and _238
(rs361525*G/A) SNP association
with schizophrenia.

In Armenian sample, the TNFa -
308 variants did not present a
significant difference in the
genotype distribution between the
groups (2-way Chi?=1.88, df=2,
P<0.39). In comparison of the
genotypes between -308*A carriers
versus non-carriers. the statistical
data were also non-significant
(TNFa*G/A +AIA vS. G/G: 2-way
Chi?=1.75, df=1, P=0.19). A
difference in allelic frequency was
not observed between groups as well
(2-way Chi?=1.82, df=1, P=0.17). In
the CBDB/NIMH sample both SNPs
were within HWE. Although the other
transmission distortion (z=-0.06; P<0.95),
schizophrenic children (z=2.60; P<0.008)
showed a weak linkage between two
locus was significantly associated with
over-transmission to SP (Table 20).
association was not significant (global
with low attention in healthy unrelated
(n=334, z=-1.83, P<0.066), However,

and HSPAIA loci had a specific impact. Thus, even
observed more frequently in individuals with 'schizophrenia

quotient (1Q) and memory information processing
cognitive phenotypes have especially been strongly related

those SNPs in healthy siblings (processing speed/1Q
P<0.025; processing speed/10 x rs6457452: fam#=37,

inheritance of the cognitive endophenotype contributing toof HSPAIB markers stated wider impact on cognitive
HSPA1A loci, nominally affecting the attention and
memory and memory span. Our data indicate novel
in the HSP-70 gene cluster, involving HSPAIA

and rs6457452) loci. Moreover, in HSPAIL locus the
schizophrenia association with minor allele as risk of
Table 18. Associations of three marker haplotypes
HSPAlB with cognitive traits.
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promoter rs361525 SNP did not show any
major G allele of rs1800629 was over-transmitted to
(Table 19). Unlike the fact that LD measurement

SNP variants (R?<0.1), two marker haplotype of the TNFa
schizophrenia reflecting rs18006296G single marker

Although global probability for the SNP haplotype
P<0.12), the same A-G variant was merginaly associated

controls with major contribution of rs1800629*A allele
association analysis of these markers with cognitive traits

in

of the

0.009
0.907
0.012
0.990
0.041
0.007
0.010
0.519
0.928

0.004
0.203
0.079
0.214
_.058

.106
0.817
0.021
0.938
0.102

allelic

...

in unrelated healthy controls and parent-healthy child trios revealed no association of any single
marker or haplotype variants of the TNFa with any of the cognitive parameters (P>0.05).

Table 19. FBAT results of rs1800629 and .NS ID Allele fam#
rs361525 SNPs of the TNFa locus in the CBDBI rs1800629
NIMH 296 family sample. rs361525

rs1800629
Table 20. FBAT analysis of the TNFa two- global 0.018marker haplotype in the CBDB/NIMH family G 85 2.255 0.026
sample. A 69 -2.678 0.008

G 28 0.248 0.824

Taking into account the facts
that TNFa in its function of synaptic scalling targets exactly excitatory synapses and its
signaling increases neuronal excitability in different regions of the brain, including
hippocampal and cortical neurons (Balosso et al., 2005; 2009; He et al., 2012), and the TNFa
overexpression or insufficiency can decline cognitive performance, particularly, learning and
memory (McAfoose and Baune, 2009), we hypothesis that a genetic epistasis between TNFa
and KCNH2 (MIM*152427; a human ether-a-go-go (ERG)-family potassium channel), which
genetic variations suggested to contribute to schizophrenia susceptibility.

To check this hypothesis the MDR method (Ritchie et al., 2001; Hahn et al, 2003) was
employed to investigate gene-gene interaction between KCNH2 and TNFa genetic variation in
the Armenian case-control sample. For the investigation of the-epistatic interaction seven SNPs
of KCNH2 and TNFa loci were chosen. KCNH2 intronic SNPs genotyped were the following:
rs11763131 (G/A), rs3807374 (A/C), rs3807373 (C/T), rs3807372 (C/T),_rs3800779 (G/T) and
rs748693 (A/G), while TNFa represented a SNP rs1800629 (G/A).

None of the SNPs of KCNH2 locus had significant association to the disease susceptibility
in the investigated Armenian sample. Therefore, it is easy to conclude that any epistatic
contribution of those genetic variations and the rs1800629 polymorphism of TNFa towards
schizophrenia will be independent from any single marker impact on the disease susceptibility,
as the rs1800629 SNP had also non-valuable influence on schizophrenia susceptibility in the
Armenian sample (see above). Results of the MDR analysis of interactions between SNPs are
presented in table 21. According to the data obtained, although in 2-, 3- and 4- dimensional
interactions the TNFa rs1800629 polymorphism was involved in the best model combination,
MDR outcomes were non significant towards schizophrenia susceptibility in all interaction
cases. Thus, there were found a weak interaction of the KCNH2 and TNFo loci genetic
variation, as the level of significance (P<0.001-P<0.0001) and BA (up to 0.64) of the best
models in whole dataset were relatively strong for 2- to 4- dimensions analyses; however, these
epistatic intractions did not associate with the risk of schizophrenia, as testing BA consistency
were lower (Table 21).

Table 21. Results of of multifactor-dimensionalit reduction (MDR) analysis of interactions between
SNPs-SNPs: cases vs. controls method.

i Best combination in eac ТВА OR (95% CI)
1-way rs748693 0.58 10/10 1.90 (045, 8.06) 0.38
2-ways rs1800629, rs748693 0.57 10/10 1.75 (0.48, 7.12) 0.43
3-ways rs1800629, rs3807372, rs748693 0.56 7/10 1.66 (0.41, 6.79) 0.47
4-ways s1800629 73807374. 333003 0.59 9/10 2.03 (0.50, 8.37) 0.32

TBA, testing balance accuracy; CVC, cross-validation consistency
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Due to incomplete coverage of variations in the genes investigated, the KCNH2 and TNFa
loci interaction should not be excluded and future studies on this topic are required with high
power of statistics and more complete gene coverage.

ATF6B. The HLA-III gene of Activating Transcription Factor 6 beta ATF6B
(MIM*600984) was targeted for the study due to its close location to the RCCX. According to
the results obtained the SNP rs8283 was associated with schizophrenia. The common rs8283*T
allele showed over-transmission to SP (fam# 59, z=2.11, P<0.048), but not their healthy
siblings. Quantitative trait analysis in parent-healthy child trios has revealed common T-allele
moderat association with memory information lower processing speed / IQ (fam#45, 2=-1.76,
P<0.064) and with Nback test lower performance (fam#=35, z=-1.66, P<0.088). Thus, the data Cases
confirmed the risk effect of the ATF6B rs8283*T variant contributing to schizophrenia reported
by Wei and Hemmings (2004).

LD OF SNPs AND GCNVS IN THE HLA-III REGION
The genetic data of 117 families and 110 controls (in total >570 individuals) from the

CBDB/NIMH dataset were used to construct the LD maps of the HLA-III region genetic
variations with the emphasis on cases versus controls (Figure 22). According to the data
obtained, the LD clusters within RCCX GCNVs reflect the natural RCCX structure gene
variations (indicated as three cycles on the upper left corner of LD plots). As it is obvious from
the figure C4B CNV (#2) and/or C4BQO haplodeficiency (#10 marked by red line on the LD
map of cases) contribute to schizophrenia susceptibility completely independent from the other
association signals registered. In case of C4S CNV and/or C4SQ0 (#11), in patients the
association signal gets slightly buzzed by the ATF6p rs8283 (#43) with R2=0.39 for both
variations: #4 C4S CNV and #11 C4SQO. In controls, the haplodeficency CYP21A2Q0 (#14)
was linked to the HSPAIB promoter SNPs rs13217108 and rs6457452 (R?=0.87 and 0.56
respectively), while in patients this linkage was dismissed (lower cycle on both LD plots),
suggesting an independent impact of the rs6457452 SNP in susceptibility of schizophrenia. It
was well defined LD block in both cases and controls consisting of the HSP-70 loci SNPs
clustered together. Particularly, there was strong LD between HSPA1A rs1043618, and
HSPAIB rs2763979 and rs1061581 SNPs (#32, #33 and #36 respectively; upper right corner
cycle; R2=0.67 - 0.76). LD was stronger in SP group than that of controls, suggesting possible
linkage between HSPAIA rs1043618, and HSPA1B rs2763979 in schizophrenia susceptibility.
The TNFa rs1800629 (#26) association with the disease was free of any major LD influence,
while TNXB rs185819, rs204900 and rs2071293 formed strong LD block delivering an idea that
rs185819 and rs2071293 SNPs of this locus may have a coinjoint impact in the disease.

Thus, several independent schizophrenia association signals have been observed within the
HLA-III region. C4B CNV and/or C4BQO haplodeficiency confer a risk for schizophrenia
without any LD influence of the other HLA loci investigated, including the RCCX genes.
Similarly, TNFor ss1800629, HSPA1B rs6457452. TNXB rs185819 and rs2071293 susceptibility
conferring variants were associated with the disease free from a linkage with the other HLA
genes polymorphisms investigated. However, schizophrenia contributing true susceptibility
signal from remaining HSP-70 cluster variations, i.e. HSPAIL rs2075799, HSPA1A rs1043618,
and HSPA1B rs2763979. needs to be established. On the other hand, it is possible that the
association signal of the ATF6, rs8283 may be ordered by the LD ascendancy of the C4SQ0
and/or C4S CN variations actually conferring a risk for schizophrenia.

38
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Figure 22. LD map of SNPs and GCNVs of the HLA-III loci investigated.--The RCCX GCNV were
recoded. The following numerical definitions of GCNVs and SNPs was used for LD plotting: 1.C4%CNV;
2. C4B CNV; 3. C4L CNV; 4. C4S CNV; 5. total C4 CNV; 6. C4 2bp deletion; 7. CYP21A2 CNV; TNXB
CNV; 9. C4AQO; 10. C4BOO; 11. C4SOO; 12. CYP21A2-1; 13. CYP21A2-2; 14. CYP21A2QO; 15.
CYP21A2 duplication; 16. CYP21A2QO+duplication; 17. TNXB-1; 18. TNXB-2; 19. TNXB duplication; 20.
TNXB deletion + duplication; SNP: 21. rs12526186; 22. rs3130501; 23. rs7747738; 24. rs7747738; 25.
rs2844533; 26. TNFa rs1800629; 27. rs361525; 28. HSPAIL rs2075800; 29. rs2227955; 30. rs2227956;
31. rs2075799; 32. HSPAlA rs1043618; 33. HSPAIB rs2763979; 34. rs13217108; 35. rs6457452; 36.
rs1061581; 37. CYP21A2 rs6472; 38. TNXB rs2269429; 39. rs204887; 40. rs185819; 41. rs204900; 42.
rs2071293; 43. ATF6P rs8283; 44. NOTCH4 rs204993; 45. rs2071285; 46. rs8192585; 47. rs397081; 48.
rs9268143. The HLA-II schizophrenia issodidedio underlined.

In summary, the study results suggest true susceptibility conferring several variants in
schizophrenia (Figure 23). Overall, two out of seven GCNV and 10 out of 22 SNPs investigated
in the HLA-III region show association with schizophrenia susceptibility (Table 22). From
those 12 significant association signals, 8 are novel. Although not all of them are independent,
for schizophrenia, it appears that within the HLA-III region there are several true susceptibility
variations in close physical and genetic proximity TTable 22).

The association findings on those genetic variations with cognitive traits demonstrate
contribution of majority of the schizophrenia risk variants into cognitive intermediate
phenotype with impaired intelligence quotient (1Q) and memory information processing speed
(Table 22), as well as with other cognitive factors, e.g. memory span, verbal and visual
memories etc. As the cognitive dysfunction, including learning and memory, is recognized as a
primary and enduring core deficit in schizophrenia that occurs at an early stage, even before the
first psychotic episode (Peuskens et al., 2005), thus, a possible mechanism that the HLA-III
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1. Schizophrenia is characterized by the increased functional activities of the complement
classical and lectin pathways reflecting the disease pathophysiology but not susceptibility.
Although the alternative pathway remains intact in schizophrenia, it contributes to the increased
total complement activity (CH50) synergistically with the classical pathway by serving as a
path for the remarkable uplifting effect of the MBL2 exon 1 variation on СH50.
2. The complement system undergoes dynamic changes depending on the illness course
and/or stage, as well as the state of neuro-immune crosstalk in schizophrenia. Namely, the
remission stage is characterized by a significant increase of the total complement activity,
whereas, in chronic manifestation stage of psychosis the activity decreases though remaining
above the norm insignificantly, indicating that during manifestation of psychosis the
complement undergoes activation and its total activity declines due to components
consumption. While the lectin pathway initiator activity of the MBL-(MASP-2)2 complexes is
always high, its activity is especially divergent from the norm in the manifestation stage due to
increased expression of the MBL in acute phase. On the other hand, while the MBL level and
MBL-(MASP-1), activity are below the norm in remission, at the manifestation stage of
psychosis those parameters increase above the normal level due to acute response to psychosis
of these components.
3. Although in schizophrenia the increased classical and total complement activities are
hallmarks of the disease pathophysiology, their over-activation is required by genetically
determined autoimmune processes at least in case of familial schizophrenia. This is suggested
by the finding that low level of СН50 is associated with high concentration of circulating smalI
IC, negatively linked with [C4B], referring on CIC role as a non-specific inflammatory marker
and a trigger of the complement activation implicating in schizophrenia. Corroborating this,
over 80% of affected or healthy members of the schizophrenia families with positive history of
the disease have pathogenic CIC containing two specific protein bands: 1. protein KIAA2030,
the potential cell-cycle regulator and 2. protein LOC283431, the potential cell cycle/apoptosis
regulator, which are absent in the CIC of healthy unrelated subjects. Strikingly, total
complement activity negatively associates with the family history of schizophrenia.
4. Unlike the previously accepted concept, the native MBL-MASP complexes do not have
fixed MBL-(MASP-1)-(MASP-2) stoichiometry, and separate populations of MBL-(MASP-1),
and MBL-(MASP-2)2 exist in circulation with discrete functions. The concentrations of those
complexes show wide inter-individual and inter-population variations even within the same
ethnic group. Interestingly, having lower affinity to MBL than MASP-2, the MASP-1, above
certain concentration threshold, competes out MASP-2 from binding to MBL and declines the
lectin pathway initiator complement activity. Besides, excess free MBL, not complexed with
MASPs, can occur in some individuals with high concentration of MBL. The levels of the
MBL-(MASP-1), and MBL-(MASP-2)2 complexes can be affected by the secondary factors,
such as smoking and aging, as well as by acute phase immune response.
5. The lectin pathway initiator complexes exhibit a subtle interplay between MBL, ficolins
and MASPs determining the complexes composition and modulation properties of the lectin
pathway in schizophrenia. The changes reflect the disease stage and/or course. Overall, the
complement initiator complex MBL-(MASP-2)2 displays an increase activity in schizophrenia,
which is not prescribed by the MBL2 and MASP2 genetic variations investigated. However.
there is an additive effect of the MBL2 exon 1 mutations enhancing the level of MASP-2 in
circulation. Depending on MASP-2 component, some kind of alteration occurs in the forces'
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regulating formation of MBL-MASP complexes in schizophrenia increasing their MBL
pathway initiator activity.
6. Sshizophrenia is characterized by a significant increase in L-ficolin concentration and L-
ficolin-(MASP-2), complex activity. Interestingly, the L-ficolin level in circulation shows

в gender discrimination by favoring males with higher concentration than females, and
distinguishes the disease types by praising the paranoid schizophrenia over other types. The
high level of L-ficolin enhances the classical pathway and its C2 component activity most
likely by bridging the lectin and classical pathways via the crosstalk between L-ficofin and CRP
(the classical pathway activator) induced by low grade inflammation. On the other aspect,
similar variation in stoichiometry is expected for L-ficolin-MASP as in case of MBL-MASP
complexes due to disrupted interconnection of[L-ficolin] and L-Ficolin-(MASP-2), activity.
7. Schizophrenia associates with a low level of C4B protein in circulation and decreased C4

activity genetically determined by the haplodeficiency and/or low GCN of C4B, which
solely and equally confers a risk for the disease susceptibility for sporadic or familial
schizophrenia. Intriguingly, C4 activity displays type discrimination of the illness by
favoring catatonic and undifferentiated types with higher activity than the paranoid
schizophrenia. On genetic level, schizophrenic patients have a high plausibility to possess in
their genome 3 copies of the C4 gene composed of 2C4A 1C4B without C4S. This genetic
feature of schizophrenia arises due to a signifycant transmission distortion from heterozygous
parents to affected offsprings with emphasis on:

a. an over-transmission of the RCCX units without any C4B gene;
b. an under-transmission of the C4S genes reflecting an extremely significant under-

transmission of the mono-modular RCCX units with a single C4Bshort gene; and
c. an under-transmission of three modular RCCX units to the affected offsprings.

Thus, our data propose a concept that the haplodeficiency and/or low CN of the C4B gene
implicates in the disease susceptibility via low level of CAB protein per se, plausibly affecting
the CNS synaptic circuitry and neuronal connectivity. Besides, the C4B gene haplodeficiency
exacerbates schizophrenia susceptibility via its contribution to an endophenotype with cognitive
impairments of information processing speed and 1Q, and decreased memory span.
8. The C2 rs1042663 and CFB rs641153 SNPs rare variants have an independent linked
protective effect against schizophrenia, which is most likely determined by CFB rs641153*A
variant per se, due to less active factor в protein production. Unlike C4B haplodeficiency, the
CFB polymorphism, having similar consequence on protein, is inversely associated with
schizophrenia due to linkage with neuro-autoimmune processes, as the neuroprotection holds
different demands from those com-ponents, as well as divergent involvement of the
complement classical and alternative pathways.
9. None of the genetic variations of the complement regulators investigated, i.e. CRI, CRIL,
CD46, and CSMDI, except two SNPs in CSMD2 locus, associates with schizophrenia.
However, the CSMD2 rs1925338*G and rs12742027*G SNPs rare variants display significant
under-transmission to patients conferring protection against disease susceptibility. Besides, they
have a synergic contribution towards high education level of patients. Considering the
education level as an index of 1Q, it can be suggested that those rare variants enhance the 1Q,

thus, their lack in patients may have an impact on the same cognitive intermediate

endophenotype with low contributing to schizophrenia as C4B genetic deficiency does.
10. Six out of the seven investigated non-complement loci in the HLA-III region are
associated with the disease susceptibility as well, but not all of them are LD independent.

Particularly,

a. the TNXB locus rare rs2071293*T and rs185819*A variants confer the risk of
schizophrenia via the latest, which causes amino acid substitution at residue 1161 in the
TNXB protein. The association is LD independent from the other HLA-III positive
signals;

b. the other independent disease association signal comes from the TNFa locus promoter
SNP rs18006296 common variant with and without LD involvement of the adjacent
promoter rs361525;

c. the HSPAIB locus promoter SNP rs6457452*T rare variant independently associates with I

schizophrenia displaying a protective effect via down-regulation of the protein expression;
however, the true susceptibility signal from the other variations within HSP-70 cluster
loci, i.e. HSPAIL rs2075799*G, HSPAIA rs1043618GG and HSPAIB rs2763979*C,
remains elusive due to their strong LD interconnection;

d. the only SNP rs8283 of the ATF6P gene located centromeric to the RCCX unit
demonstrates association with schizophrenia, however, with a dominant noise coming
from the unit haplotype C4S deficient variants.

Overall, two out of seven GCNV and 10 out of 22 SNPs investigated in the HLA-III region are
associated with schizophrenia susceptibility. From these 12 disease-associated signals 8 are
novel (i.e. HSPAIB rs2763979*T and rs6457452*T, C2 rs1042663*A, CFB rs641153*A,
C4BQ0 or low C4B CNV, C4SQ0 or low C4S CNV, TNXB rs2071293*T and rs185819*A).
11. The HLA-III genetic diversity implicates to schizophrenia susceptibility via a certain
cognitive endophenotype with impairments of memory and 1Q, since the most of schizophrenia
susceptibility variants affect cognition as well. Particularly,

a. the TNXB haplotype rs185819-rs204900-rs20712 displays a multilevel complicity to
cognition by affecting visual and verbal memories, memory span, information processing
speed/10 and scores of Nback and card sorting tests;

b. the variations investigated in HSPAIL, HSPAIA and HSPAIB loci mostly display relation
either with information processing speed and (HSPAIL rs2227956; rs2075800-
rs2227956-rs2075799; HSPAIB rs6457452) or with scores of the card sorting test
(HSPAIL rs2075800 and rs2075799; rs2075800-rs2227956-rs207 HSPA1A
rs1043618). The only exception is exhibited by three marker haplotypes of the HSPAIB
gene with significant association with verbal memory (rs2763979-rs13217108-rs6
and 182763979-513217108-rs106 memory span (rs2763979-rs13217108-
rs1061581);

c. the C4BQO or low C4B CNV affects memory information processing speed and 1Q, and

memory span;
d. the CYP21A2 locus rs6472 SNP has an extremely significant impact on attention affecting

it by the rare variant.
Overall, what effect either single marker or haplotype variant has on quantitative traits, the
association is always directed towards an endophenotype with impaired cognition contributing
to schizophrenia.
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Մայիլյան Կարինե Ռաֆիկի
HLA-III ԳԵՆԵՏԻԿԱԿԱՆ ԲԱԶՄԱՁԵՎՈՒԹՅՈ ԵՎ ԿՈՄՊԼԵՄԵՆՏԻ

ԱՄՓՈՓԱԳԻՐ
a

Շիզոֆրենիան (Շ) տարածված, ծանր հոգեկան հիվանդություն է, որն
առողջապահության և սոցիալ-տնտեսական ոլորտներում առկա կարևոր խնդիրներից
մեկն է: Ըստ Շ-ով հիվանդների (ՇՀ) հաշմանդամության տարիների գործակցի՝
Հայաստանը զբաղեցնում է աշխարհում 40-րդ տեղը: Այն պոլիգեն հիվանդություն է, որի
զարգացման մեջ զգալի դեր են խաղում իմունային համակարգի ֆունկցիոնալ
ակտիվության խանգարումները և ներարգանդային վարակները: Հարկ է նշել, որ
իմունային համակարգի կարևոր բաղադրիչներից կոմպլեմենտի համակարգը,
մասնավորապես ՝ դրա ակտիվացման լեկտինային ուղին Շ-ի ժամանակ գործնականում
չի ուսումնասիրվել3, Վերջին լայնամասշտաբ . գենոմային հետազոտությունների
արդյունքում պարզվել է, որ մարդու գենոմի Լեյկոցիտների հակածինների համակարգի
(HLA) տեղամասն առանցքային դեր ունի, որի փոփոխությունները պատասխանատու են

Շ-ի հանդեպ գենետիկական նախատրամադրվածության համար: Այնուամենայնիվ, Շ-ի
զարգացման ռիսկի մեխանիզմները, ինչպես նաև հիվանդության հետ կապված զանազան
գենետիկական տարբերակների կենսաբանական նշանակությունը մնում են
չպարզաբանված:

Սույն աշխատանքում իրականցվել է HLA-III-ի գենետիկական բազմաձևության և
կոմպլեմենտի լեկտինային ուղու համալիր ուսումնասիրություն Շ-ի ժամանակ
պարզելու դրանց հավանական ներգրավվածությունը հիվանդության հանդեպ
նախատրամադրվածության մեջ և պաթոֆիզիոլոգիական գործընթացներում: ՇՀ-ի,
նրանց հարազատների և տարբեր պոպուլյացիաներից առողջ անձանց (ԱԱ) արյան
նմուշները հետազոտվել են մոլեկուլակենսաբանական, իմունաքիմիական և
գենետիկական ժամանակակից մեթոդներով:

Կոմպլեմենտի ֆունկցիռնալ ակտիվության համալիր հետազոտության արդյունքում
բացահայտվել է, որ Շ-ն ուղեկցվում է կոմպլեմենտի դասական և լեկտինային ուղիների
գերակտիվությամբ, որը ենթարկվում է դինամիկ փոփոխությունների կախված
հիվանդության ընթացքից և փուլից: Ցույց է տրվել, որ Շ-ի ժամանակ լեկտինային ուղու
բաղադրիչներ MBL-ի, ֆիկոլինների և MASP-երի փոխազդեցության փոփոխությունները,
ինչպես նաև դրանցով ձևավորված կոմպլեքսների կազմն արտացոլում են հիվանդության
ընթացքը և փուլը, ինչպես նաև այնպիսի գործոնների ազդեցությունը, ինչպիսիք են ծխելը
և տարիքը: Բացահայտվել է նաև, որ ՇՀ-ի և ԱԱ-ի միջև MBL-(MASP-2)2 կոմպլեքսների
ակտիվության տարբերությունը պայմանավորում է հիվանդների վիճակը և կախված չէ
MBL-2 և MASP2 գեների տարբերակներից: ՇՀ-ի մոտ բացահայտվել է նաև Լ-ֆիկոլինի
կոնցենտրացիայի և Լ-ֆիկոլինի-(MASP-2)_ կոմպլեքսների ակտիվության նշանակալի աճ:

Հետազոտության արդյունքները փաստում են, որ MBL-MASP կոմպլեքսները չունեն
ֆիքսված MBL-(MASP-1)-(MASP-2) ստոխիոմետրիա, այլ գոյություն ունեն որպես
առանձին MBL-MASP-1-ի և MBL-MASP-2-ի պոպուլյացիաներ, որոնց
հարաբերակցությունը ցույց է տալիս միջանհատական և միջպոպուլյացիոն
փոփոխականություն: Նմանատիպ ստոխիոմետրիա կանխատեսվում է նաև Լ-ֆիկոլին-
MASP կոմպլեքսների համար:
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«Բացահայտվել է նաև, որ Շ-ն բնութագրվում է արյան մեջ C4B սպիտակուցի ցածր

մակարդակով և C4H50-ի նվազած ակտիվությամբ, ինչը կանխորոշված է C4B գենի
հապլո-անբավարարությամբ (C4BQO), որը մեր կողմից գնահատվել է որպես
հիվանդության ռիսկի գործոն: Ցույց է տրվել, որ C4BQO-ն պայմանավորված է
գենետիկական ինֆորմացիայի փոխանցման մեխանիզմների, գլխավորապես RP-C4-
CYP21-TNX գենային կառույցներում C4S գեների ժառանգման խանգարմամբ: Բացի այդ,
ցույց է տրվել, որ C4BQ0-ը ոչ միայն պայմանավորում է Շ-ի հանդեպ ժառանգական
նախատրամադրվածությունը, այլև ներգործում է գիտակցաճանաչողական
խանգարումներով արտահայտված էնդոֆենոտիպի ձևավորմանը՝ պայմանավորելով
ինֆորմացիայի պրոցեսինգի արագության, 19-ի և հիշողության տևողության անկումը:

Հայտնաբերվել է C2-ի rs1042663*A և CFB rs641153*A հազվադեպ համակցված
ալելների պաշտպանական դերը Շ-ի դեպքում, որը հավանաբար պայմանավորված է
rs641153*A տարբերակով կոդավորվող կոմպլեմենտի ցածր ակտիվությամբ օժտված
ֆակտոր В-ով: Ցույց է տրվել նաև, որ նեյրոսպեցիֆիկ կարգավորիչի CSMD2 գենի
rs1925338*G և rs12742027*G տարբերակները հազվադեպ են հանդիպում ՇՀ-ի մոտ, ինչը
վկայում է դրանց պաշտպանական դերի մասին: Բացի այդ, բացահայտվել է, որ տվյալ
ալելները մեծամասամբ հայտնաբերվում են բարձրագույն կրթություն ունեցող ՇՀ-ի մոտ:

Առաջին անգամ հայտնաբերվել են HLA-III հատվածում տեղակայված որոշ գեների
մի շարք եզակի նուկլեռտիդային պոլիմորֆիզմներ, որոնք հանդիսանում են
հիվանդության ռիսկի (HSPAIL rs2075800*A, TNXB rs2071293*T և rs185819*A) կամ
պաշտպանական (HSPA1B rs2763979*T և rs6457452*T) գործոններ: Բացահայտվել է, որ
HLA-III-ի որոշակի գենոտիպը բարձրացնում է Շ-ի զարգացման ռիսկը՝
պայմանավորելով հիշողության և 10-ի խանգարումներով արտահայտված
գիտակցաճանաչողական էնդոֆենոտիպի ձևավորումը: Շ-ի հետ կապված -HLA-III-ի

տարբերակների մեծամասնությունն ազդում է գիտակցության և ճանաչողության
ֆունկցիաների վրա: Մասնավորապես, TNXB-ի rs185819-rs204900-rs20712 հապլոտիպը
նշանակալիորեն ազդում է տեսողական և լսողական հիշողությունների, հիշողության
տևողության, ինֆորմացիայի պրոցեսինգի արագության, 19-ի, Nback և քարտերի
տեսակավորման թեստերի արդյունքների վրա: HSPAIL, HSPA1A և HSPA1B
տարբերակները հիմնականում ազդում են ինֆորմացիայի պրոցեսինգի արագության և
10-ի (HSPAIL rs2227956, rs2075800-rs2227956-rs207 HSPA1B rs6457452) կամ քարտերի

տեսակավորման թեստի արդյունքների (HSPAIL rs2075800 և rs2075799, rs2075800-
rs2227956-rs2075799, HSPA1A rs1043618) վրա: Բացառություն են կազմում HSPA1B-ի
հապլոտիպերը, որոնք ազդում են լսողական հիշողության (rs2763979-rs13217108-
rs6457452, s2763979-т13217108-тs1061 և հիշողության տևողության (rs2763979-
rs13217108-rs1061581) վրա: CYP21A2-ի rs6472 պոլիմորֆիզմը զգալիորեն ազդում է
ուշադրության վրա: Ընդհանուր առմամբ, ցույց է տրվել, որ անկախ HLA-III-ի
պոլիմորֆիզմների ազդեցության ուղղվածությունից գիտակցաճանաչողական
գործընթացների հետ դրանց ասոցիացիան պայմանավորում է խաթարված
գիտակցաճանաչողական էնդոֆենոտիպի առկայություն Շ-ի ժամանակ:

Այսպիսով, ներկայացված աշխատանքի արդյունքները հարստացնում են գլխուղեղի
ֆունկցիռնալ ակտիվության խանգարումների պաթոմեխանիզմներում իմունային
համակարգի դերի վերաբերյալ ժամանակակից պատկերացումները, ինչպես նաև հիմք
են հանդիսանում մշակելու նոր մոտեցումներ շիզոֆրենիայի իմունակարգավորման և
իմունաշտկման համար:
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Маилян Карине Рафиковна
-ГГННТТИЧЕСКОЕ РАЗНООБРАЗИЕ HLA-III и

ЛЕКТИНОВЫЙ ПУТЬ КОМПЛЕМЕНТА ПРИ ШИЗОФРЕНИИ
РЕЗЮМЕ

Шизофрения является тяжелым хроническим психическим заболеванием,

распространенным по всему миру и представляющим одну из важнейших проблем
здравоохранения социально-экономической сферы. По показателю нетрудосдособных
лет жизни (DALY) больных шизофренией Армения занимает 40-е место мире.
Заболевание имеет полигенную природу, в его развитие существенный вклад вносят
нарушения функциональной активности иммунной системы и внутриутробные
инфекции. Следует отметить, что такой важный компонент иммунитета, как система
комплемента, в частности, лектиновый путь ее активации, практически не был изучен у
больных шизофренией. результате недавних широкогеномных исследований
установлено, что регион лейкоцитарных антигенов генома человека (HLA) является
ключевым звеном, вариации которого ответственны за генетическую
предрасположенность к шизофрении. Тем не менее, механизмы повышенного риска
развития шизофрении биологическая значимость ассоциированных с данным
заболеванием различных генетических полиморфизмов остаются невыясненными.в данной работе проведено комплексное исследование генетического разнообразия
локуса HLA-III и лектинового пути системы комплемента при шизофрении с целью
выяснения их вклада предрасположенность к данному заболеванию и его
патофизиологию. Образцы крови больных шизофренией, их родственников и здоровых
лиц контрольной выборки из разных популяций были проанализированы с помощью
современных молекулярно-биологических иммунохимических и генетических методов.

Исследование функциональной активности системы комплемента позволило выявить
повышение активации по классическому и лектиновому путям и изменения в ней,
зависимые от стадии и течения заболевания. Установлено, что при шизофрении
изменения во взаимодействии компонентов лектинового пути - MBL, фиколинов
MASP-ов и состав формируемых ими комплексов, инициирующих активацию
лектинового пути, отражают стадию и течение заболевания, a также воздействие таких
факторов, как хроническое курение табака и возраст. Установлено также, что различия
между больными шизофренией и здоровыми лицами по активности MBL-(MASP-2)2
комплексов отражают состояние пациентов и не зависят от генетических вариаций MBL2

MASP2. Помимо этого, было выявлено значительное увеличение концентрации L-
фиколина и активности комплексов L-фиколин-(MASP-2) у больных по сравнению со
здоровыми. MBL-MASPРезультаты проведенных исследований свидетельствуют, что нативные
комплексы не имеют фиксированной MBL-(MASP-1)-(MASP-2) стехиометрии, a
существуют как отдельные популяции комплексов MBL-MASP-1 и MBL-MASP-2,
соотношение которых отражает межиндивидуальные межпопуляционные вариации.
Сходная стехиометрия предсказана и для L-фиколин-MASP комплексов.

Обнаружено также, что шизофрения характеризуется низким уровнем
циркулирующего C4B белка сниженной активностью C4H50, что предопределено
гаплодефицитом гена C4B, квалифицированным нами как фактор риска заболевания.
Показано, что выявленный гаплодефицит обусловлен нарушением механизмов передачи
генетической информации, главным образом - C4S генов RP-C4-CYP21-TNX участка
генома. Кроме того, установлено, что гаплодефицит C4B не только способствует
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наследственной предрасположенности к шизофрении, но и вносит вклад в формирование
эндофенотипа с когнитивными нарушениями на уровне снижения скорости обработки
информации, и длительности памяти.

Выявлено, что сочетание редких вариантов генов C2 rs1042663*A и CFB rs641153*A
снижает риск заболевания шизофренией, что, вероятнее всего, определяется
полиморфизмом rs641153*A, контролирующим per se синтез менее активного фактора В.
Показано также, что редкие аллели Is1925338*G и rs12742027*G гена
нейроспецифичного регулятора комплемента, CSMD2, довольно редко обнаруживаются
у больных шизофренией, что свидетельствует о защитной роли указанных
полиморфизмов. Кроме того, было выявлено, что данные аллели в подавляющем
большинстве случаев регистрируются у пациентов, получивших высшее образование.

Впервые обнаружен ряд единичных нуклеотидных полиморфизмов нескольких
генов, расположенных в HLA-III области, наличие которых связано с повышенным

(HSPAIL rs2075800*A, TNXB rs2071293*T и rs185819*A) или пониженным (HSPAIB
rs2763979*T и rs6457452*T) риском развития шизофрении. Показано также, что
определенный генотип HLA-III повышает риск развития шизофрении, обуславливая

формирование когнитивного эндофенотипа с нарушениями памяти и 1Q: большинство

HLA-III вариантов, ассоциированных с шизофренией, влияет на когнитивные функции.

частности, получены свидетельства об ассоциации гаплотипа TNXB rs185819-rs204900-
rs2071293 с такими когнитивными характеристиками, как вербальные и визуальные
воспоминания, длительность памяти, скорость обработки информации/IQ, результаты

тестов Nback и сортировки карт. Вариации исследованных локусов HSPAIL, HSPAIA и
HSPAIB в основном связаны со скоростью обработки информации и (HSPAIL
rs2227956, 152075800-rs2227956-rs207 HSPAIB rs6457452) или с результатами теста

сортировки карт (HSPAIL rs2075800 и rs2075799, <<2075800-rs2227956-rs207
HSPAIA Is1043618). Исключение составляют трехмаркерные гаплотипы HSPAIB гена,

которые ассоциированы с вербальной памятью (rs2763979-гs13217108-rs6 и
тs2763979-тs13217108-тs10 и длительностью памяти (rs2763979-rs13217108-
rs1061581). Полиморфизм rs6472 гена CYP21A2 ассоциирован с вниманием. в
совокупности показано, что направленность выявленных ассоциаций не зависит от
характера воздействия единичных и гаплотипных маркеров; ассоциация всегда
направлена на эндофенотип, обуславлавливая нарушение когнитивных функций при
шизофрении.

целом, результаты настоящего исследования расширяют наше понимание роли
иммунной системы и генов, кодирующих ее медиаторы и регуляторы при нарушении
фунциональной активности мозга, и представляют собой серьезную основу для

разработки новых подходов для иммуномодуляции и иммунокоррекции шизофрении.

ՀՀ Ազգային գրադարան
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