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HLA-I11 REGION GENETIC DIVERSITY IN SCHIZGPHRENIA

Polymorphism(s) of the RCCX Other Genes

CYP21Al znd CYP21A42. 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
CYP21A1 or CYR21A2 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 CYP2142 gene. Interestingly, the functional CYP2/A42
haplodeficiency was determinant for SP, but was not significantly different from controls
(Fisher’s exact P<0.25). The CYP2142 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 CYP2142. According to Chi? statistics,
there was no significant df#ference between cases and controls in regard to CYP2142 GCN
variation (P<0.22). Moreover, FBAT analysis of the CNV data showed under-transmission to
patients of the RCCX units without functional CYP2/A2 gene (27 families: FBAT P<0.034).
To identify linkage between GCN of CYP21A42 and C4BQO, a corrclation analysis was
performed which did not found any significant linkage between CNV of both genes (r=0.07,
P>0.44; R*=0.005). None with 1 copy CYP21A42 had C4BQO, and only one had CYP2142
duplication combined with C4BQO.

The CYP21A42 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. C/C 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 CYP2/A2 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 ‘C’.

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 (C/T) and rs185819 (Arg[G/A]His

according to NP_061978.6)) SNPs were associated with schizophrenia (Table 13). FBAT.

showed under-transmission of “C” and “G” (NM_019105.6) alleles of the SNPs to S/V;n’ (]Z(=~
arker

+59429.
(m‘_ -
rs204887-rs185819: global FBAT P<0.009; 2. rs185819-rs204900-rs2071293: global F.BAT

2.855; p<0.005; z=-2.757; p<0.004, respectively). Two combinations of three-
haplotypes involving those SNPs were contributing to schizophrenia as well (1. rs22
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P<0.008) (Table 14). As single markers the other rs2269429, rs204887 and rs204900 SNPs did
not show any difference in the transmission.

FBAT analysis of parent-healthy siblings trio data suggested a significant association of the
TNXB rs185819-rs204900-rs2071293 haplotype with cognitive parameters, i.e. verbal (P<0.01)
and visual memories (P<0.004), memory span (P<0.015), processing speed/IQ (P<0.04) and
performance of Nback (P<0.04) and card sorting tests (P<0.01) (Table 15).

Table 13. Results of FBAT analysis of the

. . SNPID Allele fam# . Z P
TNXB SNP genotyping data of 176 European- :
American families from the CBDB/NIMH  r$2269429 G 30 0948 0349
sample. 5204887 C 70 0531 0509
rs185819 G 74 -2.757 0.004
1s204900 T 67 -1.541 0.224 ‘
Table 14. FBAT analysis of the three- 152071293 c 74 -2.855 __0.005
marker haplotypes of the TNXB SNPs. rs2269429 rs204887 rs185819 fam# Z P
global _ 0.009
The highest LD was observed G T G 74 -0.121  0.932
between schizophrenia associated G c A n 2871 0
SNPs within the solid block of the ~ § < g o as Lo
schizophrenia- iated — -
o welfas wimaiffr’.f?cigm?{"‘v‘gl?é’ 75185819 rs204900 rs2071293 ______ global _ 0.008
ie. rsI85819-s204900-12071293. A - Sy
which was tagged by tag SNP of the A T c 2 0.179 _ 0972

region, rs185819.

75185819 rs204900 rs2071293 fam#

Z P

Table 15. Significant associations of the : Verbal Memory global 0.01
TNXB gene rs185819-rs204900-rs2071293 G T C 57.8 2.022 0.024
SNPs haplotypes with cognitive traits. A G T 58 -0.689  0.486
A T T 12 -3.089 0.002

There was association of the Nback Test Performance global 0.04
TNXB GCNV  neither  with G T C 448 1604  0.102
schizophrenia, nor with C4B ﬁ ? ¥ ‘:; ’09333 0.368
heterozygote deficiency found in  yioua1 Memory -lobal zzgi
schizophrenia. However, two out of G T C 57.8 g2 273 W
five TNXB SNPs investigated showed A G T 58 -0833 039
a significant association with the A T T 12 -3.295 0
disease. The minor alleles of _ Processing Speed/IQ global 0.04
rs2071293 (T) and rs185819 (A) G T C 57.8 1.731 0.064
SNPs were over-transmitted to A G T 58 -0529 0572
patients conferring a risk of A . T T 12 -2.767 0.004
schizophrenia (P<0.005). More-over, —cardSorting Test global 0.0/
with the major contribution of minor g é .([; Sgés _(l)ggg 00322
alleles, two SNP haplotype variants A T T 12 -3.149 "o
were significantly associated with  Memory Span gh',b,ﬂ 0.015
schizophrenia of those TNXB SNPs G T C 57.8 1911 0074
(P<0.009), one of which composed A G T 58 -0.702  0.448
solid LD block, rs185819-rs204900- A T T 12 -2.975 0

rs2071293 and was associated with cognitive traits, such as visual and verbal memories,

memory span, processing speed/IQ and scores of Nback and card sorting tests.
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Polymorphism(s) of the Other Genes in the HLA-III region o

.HSPAIL_HSPAIA and HSPAIB. The HSPAIA, HSPAIB and HSPATL (MIM*140550,
*603012 and *140559) genes in HLA-III region (~150kbp telomeric from the RCCX) were
targeted for schizoghirenia 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 genotyped
SNPs showed association with schizophrenia. The disease association was observed for
synonymous SNP rs2075799 in the coding reglon 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, z=-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 ‘G’ allele of this non-synonymous SNP to SP (E602K: z=-
1.867; p<0.038). It was reflected in over-transmission of the rs2075800-rs2227955-rs2227956
(A-A-T: z=1.97; p<0.044) an@’rs2075800-rs2227956-rs2075799 (A-T-G: z=2.086, p<0.032)
haplotypes involving ‘A’ 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 HSPA/L 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 CBDB/NIMH
Caucasian 296 family sample. The HSPAIL 152227955 and HSPAIB rs13217108 SNPs were investigated
only in the CBDB core sample (176 families).

_SNPID_ _Gene LDcode ~ Allele. "~ fam# .~ Z ... P -
101 -1.867 0.058

rs2075800 HSPAIL P6644 G

152227955 HSPAIL P6645 A 14 0.474 0.602
152227956 HSPAIL P6677 T 86 0.883 0.388
152075799 HSPAIL P6646 G 58 1.95 0.048
rs1043618 HSPAIA P6648 G 116 2.024 0.034
rs2763979 HSPAIB P6649 C 111 2.026 0.039
rs13217108 HSPAIB P6650 C 17 0.243 0.849
rs6457452 HSPAIB P6651 C 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/IQ
(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=-9.21, 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/IQ 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 HSPA/L those SNPs to a
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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.

HSPAIA. According to the data “r52975800 rs2227956 _ 752075799 2 P .
obtained, the only SNP investigated in  “Pprocessing Speed / 1Q ‘global  0.0047
the promoter region (-27 G/C) of the G T G -0.757  0.449
HSPAIA was also associated with G T A 1.884  0.060
schizophrenia (Table 16). FBAT G C G -3.005  0.003
revealed an over-transmission of the A T G 1853 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 $ ﬁ gg;g 3-3‘;‘;
assumed that the minor allele ‘C’ might G C G 0067 0947
have a protective effect against A T G 2543 0.011

schizophrenia. The controls’ data,
showed tendency to an association of the SNP rs1043618 homozygote genotype with
information processing speed/IQ (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 “C’ 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:

z=-2.129, P<0.032). Similarly, the minor ‘T’ of rs6457452 SNP alone and in the SNP
haplotypes rs2763979-rs13217108-rs6457452 and rs2763979-rs6457452-rs1061581 was under-
transmitted to SP (z=-2.13, P<0.032; and z=2.1, P<0.038; respectively). However, only for the
last haplotype variants global probability rea’ched 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/IQ (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 IQ (z=1.7, P<0.04). The same genotype of schizophrenia risk allele of the
152763979 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-
1s6457452: P<0.041; 2. rs2763979-rs13217108-rs1061581: P<0.035) (Table 18). As the
reflection of the rs6457452 single marker moderate association with memory information lower
processing speed/IQ, a variant of the rs2763979-rs6457452-rs1061581 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 HSPAIA, schizophrenia risk single markers of HSPAIB locus
had either tendency to be associated with lower processing speed/IQ (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 and HSPAIA loci fad a specific impact. Thus, even in
healthy controls, the same alleles observed more frequently in individuals with schizophrenia
{edict significantly lower intelligence quotient (IQ) and memory information processing
speed. It is noteworthy that similar cognitive phenotypes have especially been strongly related
to schizophrenia risk genotypes of those SNPs in healthy siblings (processing speed/IQ x
152763979: fam#=76, FBAT z=1.99, P<0.025; processing speed/IQ x rs6457452: fam#=37,
FBAT z=-1.74, P<0.04), who share inheritance of the cognitive endophenotype contributing to
schizophrenia. In haplotype variants of HSPAIB markers stated wider impact on cognitive
phenotype than those of HSPAIL and HSPAIA loci, nominally affecting the attention and
significantly down-regulating the verbal memory and memory span. Our data indicate novel
SNPs in association with the illness in the HSP-70 gene cluster, involving HSPAIA
(rs1043618) and HSPAIB (rs2763979 and rs6457452) loci. Moreover, in HSPAIL locus the
SNP rs2075800 showed tendency for schlzophrema association with minor allele as risk of
schizophreni&.

Table 18. Associations of three marker haplotypes of the
HSPAIB with cognitive traits.

TNFa. On the Armenian case- — -
N Verbal Memory Z P

control and the CBDB/NIMH family
cohorts, we had performed

schizophrenia association study to g g é %ﬁz ggg—’}
verify the TNFa (MIM*191160) — T ¢ G 252 0.012
308 (rs1800629*G/A) and —-238 T T G 0013 0990

rs2763979  rs13217108 rs1061581 global _ 0.035

(rs361525*G/A) SNP  association 52763979 rs13217108__rs6457452___global __0.04]

with schizophrenia. C C C 2710 0.007
In Armenian sample, the TNFa — T C C 2592  0.010
308 variants did not present a T C T 0.644 0519
significant  difference in  the T T T 0.090  0.928
genotype distribution between the ... ... . Memory Span : : :

groups (2-way Chi’=1.88, df=D, . rs2763979 rs13217108 rsl061581 _ global _0.004

P<0.39). In comparison of the C C A -1.273 0203
genotypes between -308*A carriers ¢ c G 1.758 = 0.079
versus non-carriers, the statistical T ¢ G 12430214
L. T T G -1.895  0.058
data were also non-significant ; Processing Speed /1Q_ — :
* R - T
(TNFo*GIA +A/A vs. GIG: 2-Way  — 7e3079 6457452 rs1061581 _ global _ 0.106
Chi*=1.75, df=1, P=0.19). A
. ? C C A 0231 0.817
difference in allelic frequency was C C ~ G 2300  0.021
not observed between groups as well T C G 0.078 0.938
(2-way Chi’>=1.82, df=1, P=0.17). In T T G 1.634  0.102

the CBDB/NIMH sample both SNPs

were within HWE. Although the other promoter rs361525 SNP did not show any allelic
transmission distortion (z=-0.06; P<0.95), major G allele of rs1800629 was over-transmitted to
schizophrenic children (z=2.60; P<0.008) (Table 19). Unlike the fact that LD measurement
showed a weak linkage between two SNP variants (R?<0.1), two marker haplotype of the TNFa
locus was significantly associated with schizophrenia reflecting rs1800629*G single marker
over-transmission to SP (Table 20). Although global probability for the SNP haplotype
association was not significant (global P<0.12), the same A-G variant was merginaly associated
with low attention in healthy unrelated controls with major contribution of rs1800629*A allele
(n=334, z=-1.83, P<0.066), However, association analysis of these markers with cognitive traits
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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 ~~ SNPID - Allele fam# Z2 - P -
rs361525 SNPs of the TNFa locus in the CBDB/ 51800629 G 69 2.601  0.0083
NIMH 296 family sample. rs361525 G 30 -0.06 0.949
. rs1800629. rs361525 fam¥  Z P

Table 20. FBAT analysis of the 7NFa two- global  0.018
marker haplotype in the CBDB/NIMH family G G 85 2255  0.026
sample. A G 69 -2.678  0.008

G A 28 0248  0.824

Epistasis between variations in the TNF-a and KCNH2 genes. 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 KCNHZ 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:
1511763131 (G/A), rs3807374 (A/C), rs3807373 (C/T), rs3807372 (C/T )Lrs3800779 (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 TNFa 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-dimensionality reduction (MDR) analysis of interactions between

______ * Best combination in each dimenfion - TBA _ CVC___OR (95%€D__~ P
l-way rs748693 0.58 10/10 1.90 (045 8 06) 0.38
2-ways 151800629, rs748693 0.57 10/10  1.75(0.48,7.12) 043
3-ways  rs1800629, rs3807372, rs748693 0.56 710 1.66 (0.41,6.79)  0.47

4-ways 151800629, rs3807374, rs3807372, rs748693 0.59 9/10  2.03(0.50,8.37) 032

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-IIl gene of Activating Tnanscribtion 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

-&llele 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, z=-1.76,
P<0.064) and with Nback test lower performance (fam#=35, z=-1.66, P<0.088). Thus, the data
confirmed the risk effect of the ATF6B rs8283*T variant contributing to schizophrenia reported
by Wei and Hemmings (2004).

e 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 C4SQO (#11), in patients the
association signal gets slightly buzzed by the ATF6/ rs8283 (#43) with R*=0.39 for both
variations: #4 C4S CNV and #11 C4SQO. In controls, the haplodeficency CYP2142Q0 (#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 HSPAIA rs1043618, and
HSPAIB 152763979 and rs1061581 SNPs (#32, #33 and #36 respectively; upper right corner
cycle; R?>=0.67 - 0.76). LD was stronger in SP group than that of controls, suggesting possible
linkage between HSPA1A4 rs1043618, and HSPAIB rs2763979 in schizophrenia susceptibility.
The TNFa rs1800629 (#26) association with the disease was free of any major LD influence,
while TNXB 15185819, 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, TNFa rs1800629, 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, HSPA1A4 rs1043618,
and HSPAIB 1s2763979, needs to be established. On the other hand, it is possible that the
association signal of the ATF64 rs8283 may be ordered by the LD ascendancy of the C45Q0O
and/or C4S CN variations actually conferring a risk for schizophrenia.
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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. C44-ENV;
2. C4BCNV; 3. C4L CNV; 4. C4S CNV; 5. total C4 CNV; 6. C4 2bp deletion; 7. CYP2142 CNV; 8. TNXB
CNV; 9. C44Q0; 10. C4BQO; 11. C4SQQ; 12. CYP2142-1; 13. CYP2142-2; 14. CYP2142QO0; 15.
CYP2142 duplication; 16. CYP2142QO+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 1s1800629; 27. 1s361525; 28. HSPAIL rs2075800; 29. 152227955, 30. rs2227956;
31. 1s2075799; 32. HSPAIA 1s1043618; 33. HSPAIB rs2763979; 34. 1s13217108; 35. 1s6457452; 36.
1s1061581; 37. CYP21A42 1s6472; 38. TNXB rs2269429; 39. 1s204887; 40. rs185819; 41. rs204900; 42.
1s2071293; 43. ATF63 158283; 44. NOTCH4 15204993; 45. 1s2071285; 46. rs8192585; 47. rs397081; 48.
159268143, The HLA-II schizophrenia associated variations are 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 (Table 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 (IQ) 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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region genetic diversity implicates to schizophrenia via a certain cognitive endophenotype with
impairments of memory and IQ can be suggested.
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Figure 23. Schizophrenia susceptibility conferring genetic variations in HLA-III region. Independent
susceptibility variations marked with red flags, variations which are LD dependant on polymorphisms of
the other genes are flagged in brown-red.

Table 22. HLA-III region GCNV and SNP contributing to schizophrenia susceptibility and cognition.

MA/QO MA/QO
GS%T,VH‘;" Gene/Unit Position” Alleles effect on VA P effect on
. it *
schizoph. cognition
1 rs1800629 TNFa -308 G/A protective  2.601  0.008 -
2 52075800 HSPAIL 1959 G/A(E602K) risk -1.87  0.058 4&5)
3 2075799 HSPAIL 1376 G/A(T407T)  protective 1.950  0.048 4&51
4 rs1043618 HSPAIA -27 G/C protective  2.024  0.034 51
5 rs2763979 HSPAIB - 1136 C/IT protective  2.026  0.039 1,4&71
6 rs6457452 HSPAIB - 178 C/T protective  2.037  0.048 1&41
7/ rs1042663 @2 987 G/A(A241A) protective 2.188  0.029 NI
8 rs641153 CFB 373 G/A(Q32R)  protective 2.309  0.021 NI
9 C4BQO/CNV RCCX unit - - risk 2.142  0.032 4&7)
10 C4SQO/CNV  RCCX unit - - risk 3.410 0.0006 NI
11 rs185819 TNXB/RCCX 3684 G/A(R1161H) risk -2.76  0.004 1-5&7]
12 rs2071293 TNXB/RCCX intron C/T risk -2.85  0.005 1-5&7)
13 rs8283 ATF6/3 UTR-3 T/C protective  2.110  0.048 -

Schizophrenia susceptibility variations described for the first time are in bold. # Position relative to the ATG
start codon, where the first base in the start codon is +1.
MA — minor allele; QO gene deficiency; NI — not investigated; colored are variations in LD; rs2075800 is
in italic as after 100000 shuffle permutation test did not pass 95% biological significance, but significantly
associates with cognitive traits and plausibly affects risk of schizophrenia.
*Association with cognitive factors either as single marker or in haplotype variants. Cognitive factors are
presented numerically: #1 - verbal memory; #2 - Nback test score; #3 - visual memory; #4 - information
processing speed / IQ; #5 - score of the card sorting test; #6 - attention; #7 - memory span.
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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 CH50.

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), 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 CH50 is associated with high-concentration of circulating small
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), 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), 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), 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 schiz8phrenia increasing their MBL
pathway initiator activity. "

6. Sghizophrenia 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
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

" CHS50 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 CH50 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 2C44 + 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 C4B,s gene; and

¢. 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 C4B 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 rs641 153*A
variant per se, due to less active factor B 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 IQ,
thus, their lack in patients may have an impact on the same cognitive intermediate
endophenotype with low IQ 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,
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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 rs1800629*G common variant with and without LD involvement of the adjacent
promoter rs361525;

c. the HSPA1B locus promoter SNP rs6457452*T rare variant independently associates with
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 rs1043618*G and HSPAIB rs2763979*C,
remains elusive due to their strong LD interconnection;

d.the only SNP rs8283 of the ATF6S 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,
C4BQO or low C4B CNV, C45QO 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 IQ, since the most of schizophrenia
susceptibility variants affect cognition as well. Particularly,

a. the TNXB haplotype rs185819-rs204900-rs2071293 displays a multilevel complicity to
cognition by affecting visual and verbal memories, memory span, information pracessing
speed/IQ and scores of Nback and card sorting tests;

b. the variations investigated in HSPAIL, HSPAIA and HSPA1B loci mostly display relation
either with information processing speed and 1Q (HSPAIL rs2227956; rs2075800-
1s2227956-rs2075799; HSPAIB rs6457452) or with scores of the card sorting test
(HSPAIL 152075800 and rs2075799; rs2075800-rs2227956-1s2075799; HSPAIA
rs1043618). The only exception is exhibited by three marker haplotypes of the HSPAIB
gene with significant association with verbal memory (rs2763979-rs13217108-rs6457452
and 1s2763979-rs13217108-rs1061581) and memory span (rs2763979-rs13217108-
rs1061581);

c. the C4BQO or low C4B CNV affects memory information processing speed and IQ, 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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Uuyhpwut Ywphuk I}miﬂﬁﬂ'l -
HLA-III 965UESPYULUL AUQUURGYNRESNRLE B UNUNLEUBULSE
JUSPLUSU UL LEUSFLUSEL NRNFL TPRNSIELRUSE FUUULUY
’ uUenouarr

Chqndptbhwt (T) wwpwdjwd, dwup hnghlijwhb hhjuigmpjmb L nph
wnngwyjuthmpjut b unghui-nnbuwwh nppntkpmyd woijw Ywpbnp jbghplbphg
ukja k Cew T-nd hhjwbnbkph (G2 hwpdwbnudmpyub wnwphubkph gnpéulgh’
Zuywuwnuip qpuntginid t wplowphmy 40-pn nknp: Ujh wnjhgkt hhjutgmpmu t, nph
qupqugiwh Ukp qquih ptp kb jougnud pumbught hunfwlwpgh  $mblghnbuyg
winhympjut Jowbqupmuibtpp b bhpwpguinuyht Jupwhubpp: Zwpy b gk, ap
humbught  hw'wywpgh Ywpunp  pununphstitphg  Yymiwkdknh - hunfwywpgp,
tunbwynpuybu’ npu winhjugdwh (Eynhtught ninht &-h dudwiwy gnpstwlwind
sh “mumdbwuhpdtf;  kpght ytudwupnwp |, ghindught  htwwgninmpynibitph
wpniipnud wyupqyty b np dwpgme gkindh Lijynghwnubph hwywshuttph hudwywpgh
(HLA) nknuiiuut wrwbgpuyght nkp nitth, nph hnhnjumpmatbpp yunwejwobwnn b
G-h hwighky gkbbnhjuljut twhwnpudugpiusnipjut hudwp: Ujiniadkiwgihy, S-h
qupquguwi nhuljh Ukjmithqubpp, hisybu bwl hhjuignipyub htn juujud quinqub
gkubnhyuhwt  wwppkpwlitph  Yhuwpwbwywh  Gpwbwympmbp  dind - b
syupqupwbyws:

Unyl wphumnwipnid hpwljwbgt) t HLA-TII-h gkbbnhjuljub puquwdumpub b
ynuupbdbinnh  (Bywhtughtt mym hunfwhp  numdbwuhpmpmt T-h dunfwbuy’
wupqhm  ppubg  hujwbwiwb  bkpgpudyudnipimbp  hhjwinmpumt - hwbnby
twunpudunpjudnipput Wby b wwpndhqhnnghwlwb  gnpdpipwgubpm:  T2-h,
tpwig hwpwquntbph b wwppkp wnwniughwikphg wenne whdwbg (UU) wppub
timoubpp  hbwwgnndbp kb UnpEynyuibbuwpubuywt,  pdmbwphthwijub b
ghutnhjulwub dudwiwulwyhg dkpngutpny:

Unuykuknh $niiyghniimy whnhynmpjui hudwhp htnwgnuunipput wpynibipnu
pugwhwynyl) k, np G-t mgbygynud k Yndupbukineh puuwlwb b (Eynhtught ninhkph
qbpuynhmpyunfp, npp bipwplnud b phtundhy  hngolmpmbbbph Guhedws
hhywinmpjui pipwgphg b thmhg: 8nyg t wipyk), np G-h dudwbwy (Eynhtught nym
puruphyip MBL-h, $hynihutbph U MASP-tph (hnjuwqytgnipput fintnjunipimibtpp,
hisybu twb ppuigny dbunpdws Ymivybpukph Yuquh wpnugninud b hpjubnnpub
plpwgpp b thnyp, husybu twb wbhuh gnpdntibkph wopbgnipniip, hiywhuhp b St
U wwphpp: Pugwhuwyunyby k twl, np G2-h b UU-h vho MBL-(MASP-2)2 nuujjtputikph
wlnhynipjub wwppkpnipynip supiubwdnpnd b hhjwingbtph (héwyp b jupjus sk
MBL-2 & MASP2 qkukph wwppbpuyibphg: T2-h unn pugwhupnyl) t twh L-phymhuh
ntugkinnpughuh b L-$hynjhuh-(MASP-2): iy kpukph wljnpympjut tpwhuljwh ws:

Zkwnwuqnunnipjub wpymbptbpp Guwnmd kb, np MBL-MASP Ynuuy kputiipp ymukh
$hpujwd MBL-(MASP-1)-(MASP-2) uwmnjuhnitanphw, wy| gnnipjmit mukt npybu
wnuudht MBL-MASP-1-h b MBL-MASP-2-h wnumjjughwubbp, npnhg
hwpwpbpuygmpymbp gnyg t  wwjhu  dhgwbhunnwlwb b JUhpwnwnyjughnb
hninjuwwimpenit: Wiwbwinhy wnnjuhndtnphu juijpunbuymd k twb L-Hhynihb-
MASP Ynuyy kputtkph hundwp:
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‘“Puguhwpnt] t twb, np T-i pumpugpimd t wpjub dkp C4B uwhwnwlnigh gudp
dwfupruym] b C4H50-h wjwuqud wlinpympyudp, higp Ywblunpnyqws E C48 qkuh
hwyn-wipojupupmpunip  (C48Q0), npp ukp  Ynnquhg qhwhunn]l) t  npyhku
hhjwingmppuh nhuhjh gnpént: 8nyg b wpdk), np C4BQO-b wupiwhunnpdud k

- gqhutnpywlwih hu$nplughuyh thnjpwbgiwb kjuwthqdibph, quunnpuybu’ RP-C4#

CYP2]-TNX ghbuyht Junnygukpmud €4S qhutph dwnwiqiut ewbqupuudp: fugh wyr,
gnyg t wnpyby, np ¢4BQ0-p ny thuyt wwplwbwynpnud k T-h hwimby dwrwiquimb
twhwnpuiwgpuwsnipmbp,  wyl bbpgopsnd B ghnwlgudwbwynquymb
Jowbiqupmubbpm] wpnwbwpmjws tugndkunwnhuh Atunjnpuiwbp upupfwbunnpbing
hu$npuwghwyh wnngbuhigh wpwgnipyub, IQ-h b hhynynpjwh whnynipjut wiynulp:
2uyntupbpyl) t C2h 151042663'A U CFB 1s641153'A hwqupby hunfuygjus
wikjtbph Wuwynwwtwywh nkpp G-h phwpnwd, npp hudwbwpun yujdwbunpjus k
1s641153'A wnwppbpulny Ynpunpnn Yodybdkinnh gudp winhympundp odunjud
$ulpnnp B-ng: 8nyg b wpk twb, np bhpnuwbtghdhy Ywpguninphsh CSMD2 qkuhp
151925338°G U 1s12742027°G wwpphpwlbkpp huqunby ki hwighynd $2-h dmn, huyp
yuym! k pputg wwownwywbwiwb ghph dwuht: fugh wg, puguwhuwpnty & np wjjuy
wkukpp YEdunfwuwdp hupntwpbpgmad kb pupdpugmyb Yppeaipiot nibikgnn G2Z-h Unwn:

Unwghtt wiqud hwjnbwpkpyt) ki HLA-IIT hundwdmad nbtnuywyjws npng ghutph
Uh owpp btquih tmlpybmnhnught  wnhunpbhquubkp, npnbp hwighuwimd &b
hhjwinmpyub nhuhh (HSPAIL 1s2075800°A, TNXB 1s2071293'T U rs185819°A) Y
wuonwwbwywb (HSPAIB 1s2763979°T L rs6457452'T) qoponbtp: Fuguhwpmlly k np
HLA-III-h  npnpwhh  gkimwnhwyp  pwpdpuwgimd  t T-h ‘qupguguwuii  nhuyp’
wupiwhuynptny  hhonymppwt b IQh  juwbqupmultkpny wpunuhupngud
ghnwlguiwmimynquijwh tignpkbnnhwh duwnpnudp: &-h htun Yuwjud--HLA-II-h
wnwppbpulutph  Ubbwdwubmpmbt wqgmy E - ghnwlgmpjub b Swhwynnmpjub
$mtijghwhikph Ypw: Uwubunjnpugbu, ZNXB-h rs185819-1s204900-rs2071293 hwyyjninhup
tpwhwlunhnpkt wepmd k wkunquijut b punquiwb hhynympmbbbph, hhonnmpjui
nbnmpyuh, hipnpuwghugh wpngkuhtigh wpwgmpjui, IQ-h, Nback U pwpwntph
nbuwfunnpiwt  pbunbph  wpymbpbtph  Jpw:  HSPAIL  HSPAIA U HSPAIB
nwppbpuljutpp hptbwhwimy wenpnud ki hinpiwghugh wpngkuhgh wpwgnipjub b
I1Q-h (HSPAIL rs2227956, 1s2075800-152227956-1s2075799, HSPA1B156457452) jul pupubph
wbuwyuynpiwy pkunh wpymupbbph (HSPAIL 152075800 U 152075799, 1s2075800-
152227956-152075799, HSPAIA 151043618) Ypw: Puigunmpmb tu Ywqumu HSPAIBh
hwynunhwkpp, npnip wgymu kb uoquiwb  hhynnmpyot (rs2763979-1rs13217108-
156457452, 1s2763979-rs13217108-1s1061581) b hhynnmpjub wlngmpjub  (rs2763979-
1s13217108-1s1061581) puw: CYP2IA2h 1s6472 wnjhunpphqup qquihnpkh wepmu E
npumpmput Ypu: Chiphwimp woiwdp, gnyg t wpdlk, np wijwl HLA-II-h
wnhinpphqubph  wqnbgmput  munnudnipmbhg  ghuwlgmlmtuynnulut
gqnpdpipwgitph  hkn  pgpubg  wunghwghwh  wuwylwbunpmd  E - wpwpgus
ghnulguwimynquijub tignpkinnhuh wehuwmpnibp &-h dudwbul:

Ujuyhuny, tkpjujmglus wylunwbph wpynibpitpp hwpunuginud th gjjunintinh
$milghntiun wlpnhpympjub  hwbqupmuibbiph  wwpndbjuwbhquubpnud  humbught
hundwlupgh nph Ykpwpbpuy dulwbwuyhg wunipugnulbkpp, hbyybu twh hjdp
kb hwighuwtn dpuiljiim. unp Unwinbkgmdbp ohqndpphuhugh himbwljwpguynpimb b

humbwgwn{pwh hufup:
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Maunsu Kapune PagukoBHa
ITEHETUYECKOE PASHOOBPA3HUE HLA-III U ,
JIEKTUHOBBIU ITYTh KOMIUIEMEHTA TTPU LIMU30PPEHUHA
PE3IOME

IIuszodpenns  SBASETCS  TOKENBIM — XPOHMYECKMM  MICHXHYECKMM  3ab0JleBaHHMEM,
pacrpoCcTpaHeHHbIM 0 BCEMY MHPY M MNpEACTaBsIOWIMM OAHY W3 BaXHEHIIMX npoGneM
3/IpaBOOXPAHEHHS ¥ COLMaNbHO-3KOHOMHMYECKOH cepbl. To mokasareinio HeTpyA0L0COOHBIX
ner xuzuu (DALY) 6GonbHbIX wwu3odpeHueii ApMenus 3aHumaer 40-e MecTo B MHpe.
3aboneBaHne MMeEeT MMOJUIeHHYIO MPHPOAY, B €0 Pa3sBUTHE CYLIECTBEHHBIH BKJad BHOCSAT
HapylleHus (yHKUMOH@IbHOM aKTMBHOCTM WMMYHHOH CHCTEMBl W BHYTPUYTPOOHBIC
undexuun. Cieayer OTMETHTh, YTO Takod BaXHBIH KOMIOHCHT MMMYHHMTETa, Kak cucTema
%OMIJIEMENTa, B YaCTHOCTH, JIEKTUHOBBII MyTh €€ AKTUBALMH, NPAKTUYECKH HE ObLT U3y4eH Y
GoNBHBIX WM3opeHueil. B pesynbraTe HENaBHUX LIMPOKOTEHOMHBLIX — MCCICAOBAHMI
YCTaHOBJIEHO, YTO PErHOH JIEWKOUMTAPHBIX AHTHICHOB IEHOMa 4EJIOBEKa (HLA) sBasercs
KIIOYEBBLIM  3BEHOM,  BapyalUMd  KOTOPOro  OTBETCTBEHHBI ~ 3a  TEHETHYECKYlO
MpeApacnoNokeHHoCT K musoppenuu. Tem He MeHee, MEXaHW3Mbl TMOBBILIEHHOrO PHUCKA
pa3BUTHs 1WH30(QpeHHH ¥ OHOJNOrHYecKas 3HAYMMOCTH ACCOLMMPOBAHHBIX C  JAHHBIM
3a6071eBaHNEM Pa3IMYHBIX TEHETHYECKHX MOTUMOP(U3MOB OCTAIOTCS HEBbISICHEHHBIMH.

B nauHoit paboTe MPOBENEHO KOMIUIEKCHOE MCCIEA0BaHiEe IeHETHYECKOro pasHoobpasus
nokyca HLA-III ¥ 7eKTHHOBOrO MyTH CHCTEMbl KOMIUICMEHTA MpPH WH30()PEHHH C LENBIO
BLIACHEHMS MX BKJaga B [PEApacroioKEHHOCTh K JaHHOMY 3a00JieBaHWIO M €ro
natousuonoruio. O6pasibl kKpoBH GOJBLHLIX WM30(pEHNEH, UX PONCTBEHHHKOB H 310POBLIX
JUL KOHTPONBHOM BEIGOPKM M3 PasHBIX MOMyJNAUME OBIIM MPOAHANM3MPOBAHLI C MOMOLUBIO
COBpEMEHHBIX MOJIEKY IS PHO-OHOIOrHYECKHX, MMMYHOXMMHYECKNX M FEHETHIECKUX MCTOLOB.

Uccnenopanne (yHKUMOHATBHON aKTHBHOCTH CUCTEMbI KOMIUIEMEHTA M03BOJIMIIO BHIBUTE
[OBBIIEHUE AKTHBALMM 110 KIACCMYECKOMY M JICKTHHOBOMY MyTAM M H3MCHEHHS B Hell,
3aBHCHMBIE OT CTAIMM M TedeHHs 3a00neBaHus. YCTAHOBIEHO, 4YTO TMpH IUA30(peHHH
U3MEHEeHUsl BO B3aMMOACHCTBHM KOMIOHEHTOB JleKTMHOBOro mytd — MBL, ¢ukonnHoB u
MASP-0B — u cocraB (OpMMpYeMbIX MMM KOMIUIEKCOB, WHHUMHMPYIOUIMX aKTHBALHIO
JICKTHHOBOI'O MYyTH, OTpakaroT CTaAHiO U TEYECHUE 3abo0yieBaHUs, a TaKxKe BO’_HleFlCTBHC TaKHUX
(akTopoB, KaK XpPOHHYECKOE KypeHue Ta0aka W BO3PACT. YCTAHOBJICHO TAKXKE, YTO Pa3IH4Hs
MeXay OOoNpHBIMM LIHM30()pEHHENR W 310POBBIMU JIMLIAMH M0 AKTHBHOCTH MBL-(MASP-2),
KOMIUIEKCOB OTPaKaloT COCTOSIHUE MAlMEHTOB | HE 3aBUCAT OT FEHETHYECKUX BapHallui MBL2
1 MASP2. TIoMHMO 3TOrO, ObIIO BBIABICHO 3HAYUTENBHOE YBEIMYCHHE KOHLEHTpauuu L-
(MKONHHA W aKTMBHOCTH KOMILIEKCOB L-¢pukonun-(MASP-2) y GoJbHBIX M0 CpaBHEHHIO CO
3/10pOBbIMH.

Pe3ysbTaThl POBEACHHBIX UCCIEN0BAHMI CBUICTELCTBYIOT, YTO HATHBHLIC MBL-MASP
KOMIUIEKCHI HE MMEIOT (PUKCHPOBAHHOM MBL-(MASP-1)-(MASP-2) crexuomerpuu, a
CYIIECTBYIOT KaK OTHCIbHbIC TMOMYyJISUNH KOMIUIEKCOB MBL-MASP-1 1 MBL-MASP-2,
COOTHOLLEHHE KOTOPBIX OTPAKACT MEKMHIMBUAYAIbLHBIC M MEXKMONYJISUHOHHBIC BapHalHU.
CxojiHas CTEXHOMETpHs Tpesckasana 1 s L-ukonun-MASP koMIieKcos.

OGHapyXeHO  Takke, 4YTO  WIM30(pEHMst  XapaKTepU3yeTcs — HU3KUM  YPOBHEM
uupkyupytomero C4B Genka W CHHXKEHHOM AKTHBHOCTDLIO C4H50, 4yto npenonpencsieHo
ramnoaeduuuroM rena C4B, kBalM(UUMPOBAHHBIM HaMH Kak ¢axrop pucka 3abojeBaHUsL.
[Toka3aHo. YTO BLIABICHHbIH ranjoAedUIUT 00yCIOBIEH HapylIEHHEM MEXaHU3MOB Nepeaaii
reHeTvueckoil uH(oOpMauuy, rmaBHbM 00pasoM — C4S reHoB RP-C4-CYP21-TNX yuactka
renomMa. Kpome TOro, yCTaHOBJEHO, HTO ramogeduuut C4B He TONBKO CrocoGCTBYET
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HAC/IEICTBEHHOM MPEAPACMON0KEHHOCTH K M30(PEHUHU, HO ¥ BHOCHT BKIAX B (hopMHpOBaHHE
SHIO()CHOTHIA € KOTHHTHBHBIMM HApYLICHUSMH Ha YPOBHE CHHUXKEHUs CKOPOCTH 00paboTkH
nndopmaumy, IQ U JUTHTETEHOCTH MaMATH.

BLIsIBIEHO, YTO COYCTAHHE PenkiX BapuaHToB reHoB C2 rs1042663*A u CFB rs641153*A
CHIKacT pHCK 3aboneBaHus IM30(pEHHEl, 4YTO, BEpPOATHEE BCEro, OMPENEISeTCs
nonuMopdu3MoM rs641153*A, KOHTPOIHPYIOIIMM per se CHHTE3 MeHee aKTHBHOTO (hakropa B.
IMokazaHo Takke, uro peakue amnend rs1925338*G  wu  rsl12742027*G  reua
HelipocnetuduaHOro peryisropa komniementa, CSMD2, 10BONILHO PEAKO 00OHapyKHBAIOTCS!
y GonbHIX mu30(QpeHHeil, UTO CBHIACTENLCTBYET O 3aUIMTHOH PONH  yKa3aHHBIX
nonMopuamos. Kpome TOro, Gblio BBUIBICHO, YTO JAHHBIC ajljeld B MOAABSIOUIEM
GONBITMHCTBE CIly4aeB PErHCTPUPYIOTCS Y MAllMeHTOB, MOTY4MBILKX BhICHICE 06pasoBaHue.

BriepBbie 0o0Hapy/KeH Pl €AMHUYHBIX HYKIEOTHAHBIX NOJIMMOP(H3MOB HECKOJIBKHX
renios, pacrojokernsix B HLA-IIl oGnacty, HalMYME KOTOPBIX CBA3AHO C MOBBILICHHEIM
(HSPAIL rs2075800*A, TNXB 1s2071293*T u rs185819*A) uiu moHwkeHHbIM (HSPAIB
1s2763979*T 1 rs6457452*T) pHuCKOM pasBHTHS WM30(PEHIH. [MokasaHo TaKxke, 4YTO
OnpeAeNieHHBIA TeHOTHIT HLA-IIl rnoBblaeT puck pasBUTHs WIM30(peHnu, obycnasiuBas
¢dopmMHpOBaHHE KOTHUTHBHOIO SHAO(EHOTHNA C HApYUICHHAMH MaMATH H 1Q: GoablUIHMHCTBO
HLA-III BapHaHTOB, aCCOLMHPOBAHHBIX € wn3od)peHHei, BIMSET Ha KOTHUTHBHBIE yHKUMH. B
YaCTHOCTH, MOJyYEHbl CBHIETEILCTBA 06 accoumauuu ramporana TNXB rs185819-rs204900-
rs2071293 ¢ TakMMH KOTFHHTMBHBIMHM XapaKTEPHUCTHKAMH, KaK BepbalbHBIE W BH3yallbHbIE
BOCIIOMHHAHMS, JUIMTEILHOCTh MaMsITH, CKOpPOCThb o6paborku uHGopMaumn/1Q, pesyiaLTarsi
rectoB Nback 1 copTHpOBKHM KapT. Bapuauun McCile10BaHHBIX JIOKYCOB HSPAIL, HSPAIA n
HSPAIB B OCHOBHOM CBSI3aHBI CO CKOPOCTHIO 00pabowk: undopmanu 1 1Q (HSPAIL
1$2227956, 1s2075800-1s2227956-1s2075799. HSPAIB rs6457452) unu ¢ pesyjibTataMy Tecra
COpPTHPOBKH  KapT (HSPAIL rs2075800 wu 152075799, 152075800-rs2227956-1s2075799,
HSPAIA 151043618). Mckmouenne CoCTaBIIsioT TPEXMAPKEPHBIC TarI0THIILI HSPAIB rena,
KOTOpBIE ACCOLMMPOBAHEI C BEPOAILHOH MAMSATLIO (rs2763979-rs13217108-rs6457452 n
152763979-rs13217108-rs1061581) 1 AINTEILHOCTHIO  MAMSATH (rs2763979-rs13217108-
rs1061581). TMonumopthusm rs6472 rena CYP2IA2 accouuupoBan ¢ BHuUMaHueM. B
COBOKYMHOCTH TOKAa3aHO, HTO HAMPABICHHOCTh BLUIBICHHBIX aCCOUMAUMH HE 3aBHCHT or
XapakTepa BO3JACHCTBUS EIMHMYHBIX W TalIOTHIHLIX  Mapkepos; accouHauits BCerza
HanpasieHa Ha SHAO(GEHOTHI, 0GyclaBlaMBas HAPYLICHNE KOTHUTHBHBIN (yHkumuii npu
H30()PEHHH.

B uenoM, pe3ylbTarhl HACTOSUIEN0 WCCIEA0BAHUS PACLIMPAIOT HAWIC MOHMMAHWE POJH
WMMyHHOIi CHCTEMBI M TEHOB, KOAMPYIOUIMX €€ MCAHATOPbI M PEry/sTOPEI MU HapyLICHHH
(pyHUMOHANTLHON AKTMBHOCTH MO3ra, M TpEACTaB/AIOT co00i Cepbe3Hyl0 OCHOBY AJis
paspaGOTKH HOBLIX MOJXO0B Ul MMMYHOMOZYIALHM 1 HMMYHOKOPPEKLIHH N30 () pEeHUH.
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