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Posttraumatic stress disorder is a chronic anxiety disorder (PTSD) [5] that
can develop in a person after exposure to a terrifying event (or after witnessing or
learning about such an event) or ordeal in which grave physical harm occurred or
was threatened. The disorder is characterized by symptoms of avoidance/numb-
ing, hyperarousal and reexperiencing [5, 20]. Traumatic event can exert an exces-
sive demand on regulatory functions, particularly if the stressor is excessive or
prolonged, resulting in risk for excessive inflammation [8]. Some studies suggest
that the immune system regulation might be disturbed in individuals with PTSD and
demonstrate an excess of inflammatory actions of the immune system, which may
contribute to health declines in these individuals [1,2,6,9,10,12,13,15,16,20,21,23]. It
is currently unknown to what extent depressive symptoms might confound the
association between a clinical diagnosis of PTSD and inflammation, and due to
insufficiency of relevant data the molecular picture of the immune system abnor-
malities in PTSD is yet unclear.

Circulating immune complexes (CIC) are major mediators of inflammation,
modulators of both cellular and humoral immune response. Formation of CIC is a
normal reaction of the organism to the presence of foreign or autoantigen. In healthy
organism CIC are easily eliminated from circulation by phagocytosis (Fig. 1). In
pathologic conditions inappropriate clearance or deposition of CIC may occur and
affect the development of the immune response at multiple levels. CIC may de-
posit in endothelial or vascular structures provoking prolonged inflammatory re-
sponse through permanent activation of the complement cascade. Thus, the nega-
tive effects of increased CIC concentration may badly affect disease progression
and outcome [14, 17, 22].
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Figure 1. Formation and clearance of CIC [14].

C1q - complement component, initiating point of the complement classical pathway; CR1
—complement receptor 1; C3b - activation cleavage product of the complement C3
component.

In the total CIC population, CIC attached to the complement activation prod-
ucts, C1q component and cleavage products of C3 component (C3b, iC3b, C3dg)
are usually observed [18]. The present study was focused on determination of the
levels of total CIC, CIC containing C1-q, and CIC containing C3 cleavage prod-
ucts in patients with PTSD in comparison to healthy subjects.

Material and Methods

Patients were hospitalized at the Stress Center of the Ministry of Labor and
Social Affairs of Armenia and diagnosed according to the Structured Clinical
Interview for Diagnostic and Statistical Manual of Mental Disorders (DSM-IV
(SCID-])) [7] and the Clinician Administered PTSD Scale (CAPS) [3]. The con-
trol group involved 40 age- and sex-matched healthy volunteers leading an active
and independent life without any history of physical or sexual abuse or other major
trauma, defined as being free of current or past psychiatric dlsorders as deter-
mined by structured interview (SCID-I).

After obtaining permission from the Ethical Committee of the Institute of
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Molecular Biology NAS RA and informed consents from 50 PTSD patients, blood
samples were taken by venipuncture at 9:00-10:00 a.m. After 1 hour of coagula-
tion at 4°C the serum was separated by centrifugation.

CIC were isolated from fresh sera of affected and healthy subjects using
earlier described procedure. First an equal volume of 7% polyethylene glycol (PEG
6 kDa) was added to the equal volume of serum up to 3.5% final concentration.
Then the mixture was incubated at 4°C for 18-20 h followed by centrifugation at
3000 g for 15 min. The pellet containing total CIC was dissolved in 0.1 N NaOH.
The concentration of CIC was determined by measuring absorbency at 280 nm
and expressed in the units of optical density (A280) [4].

Concentrations of C3d (peptide fragment of C3b, iC3b and C3dg) and Clq
containing CIC (C3d-CIC and C1q-CIC, respectively) in the sera were measured
by Enzyme Linked Immuno-Sorbent Assay (ELISA) using commercial kit (Hu-
man, Germany). In brief, 96-well plates coated with C1q or C3d were filled with
100 pl of serum diluted (1:101 for Clq and 1:11 for C3d) with phosphate buffer
(0.01M, pH 7.0) and incubated for 1 h. The wells were washed 3 times with 300
ul of Tris-HCI buffer (0.01 M, pH 6.9), after which 15 pl of anti-human-immuno-
globulin G conjugated to peroxidase was added and incubated for 30 min. The
wells were again washed 3 times with 300 pl of the same buffer. Then100 pl of
3,3",5,5 -tetramethylbenzidin solution (1.2 mM in 3 mM hydrogen peroxide, pH
3.7) was added per well and incubated for 10 min. All procedures were performed
at room temperature. The reaction was ended by adding 15 pl of sulphuric acid
(0.5 M) per well and the absorbance at 450 nm wave length was read. For calibra-
tion curve different dilutions of standard serum were used. Standard sera for cali-
bration and positive control were treated in the same way as experimental serum
patterns. Concentrations of C1q-CIC and C3d-CIC were expressed in mg/ml of
serum.

Statistical analysis was performed by Student’s two tailed t-test using
“Graphpad Prism” (GraphPad Software Inc., USA) software. P<0.05 was con-
sidered as significant.

Results and Discussion

According to the results obtained, mean values of the total serum CIC, C3d-
CIC and C1g-CIC were 1.5, 2.1 and 1.58 times significantly higher (p<0.0055,
t=2.88; p<0.0004, t=3.784; p<0.02, t=2.311, respectively) than in case of healthy
subjects. The results obtained are presented in Table 1 and Fig. 1, 2.
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Table 1
Serum levels of the total CIC, C3d-CIC and Clq-CIC in PTSD patients
and healthy subjects
Healthy subjects PTSD patients
Total [C3d- [Cig- Total [C3d- [Clg-
Parameter
’ [CIC] CIC] CIC] [CIC] CIC] CIC]
A280 pg/ml pg/ml A280 pg/ml pg/ml
M 0.12 20.38 42.69 0.18 42.36 67.50
SE 0.004 3.126 3.847 0.027 3.303 6.291
SD 0.027 12.510 15.390 0.130 21.910 41.730
Min 0.060 8.000 24.000 0.017 11.000 27.000
Max 0.180 57.000 72.000 0.120 108.000 | 204.000
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Fig. 1. Mean values of total CIC in the serum of PTSD patients and healthy

subjects (HS) (p<0.0055)
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Fig. 2. Mean values of C3d-CIC and C1q-CIC in the blood serum of PTSD
patients and healthy subjects (p<0.0004 and p<0.02, respectively)

The data obtained indicate that pathogenesis of PTSD is associated with
high blood levels of both total CIC, C1q-CIC and C3d-CIC. The increased levels
of total CIC in circulation may reflect either decline in their clearance or the pres-
ence of the excess of foreign/ autoantigens. The presence of C1q-CIC and C3d-
CIC in the total CIC population strongly suggest about the activated state of the
complement cascade in PTSD that is consistent with our previous data demon-
strating complement classical pathway activation in PTSD [11]. Clq is the initial
point of the complement classical pathway and C3 is a triggering point for C3-
convertase, which launched the terminal complement pathway, leading to forma-
tion of the membrane attack complexes [19].

The results presented in this study provide additional evidence in support of
the previous observation demonstrating the increased inflammatory response in
PTSD patients [10, 11]. The central problem here is to reveal triggers and particu-
lar pathogenetic impact of inflammation in PTSD. Further studies with the involve-
ment of more patients and with determination of the functional state of other in-
flammatory markers and regulators of the immune response are requested to clarify
this problem. '
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Cpowlwnnt piniGwjhG hwdwihplikpp npubu pnppnpw;hG
qnpopGpwgGliph hGwpuinp gnigwlihzGbp htiny GuujwopwhG uppbu
hwdwjownmwGhh dunfuGul

L.M. {njhwGGhujwu

Syjwy wfuwwnwbpnid htnyGwujwdpw)hG upptiu hwiwfunwGhyny
(¢4U%) nwnwwnn hhjulnGiph L wonng wGdwlg wpjwl db9 npnyyb
b6 pppwGwnnt puniGuihG hwdwihpGiph (CP<) pGghwinp  Swiwpgul-
Ghpp wnihtphibGqihyniny Guintgiwl tnubwyny] L YndwybikGnh whwumh-
Jugiwl wpquuhpibp wwpniGwynn Ch<4-bph dwiwpnuyGbpp hinGuw-
phpitGunwghG wGwihqh Shengny: dwiwdw)i vnwgywd wyjuyGhph,
¢qU<-n] mwpwwnn hhwGnGbph dnn Gyunynud E hGswbu plghwinip
Ch<-tiph, wjGwbu £ YndybdeGnh winhjugiwl wpquuhplbp wwpni-
Gwynn CPh<-tph dwiwpnullitph hwjwumph wés hwibtdwnmwd wenng
wldwlg htm: Uju wpynGpGbpp hwighuwlnd &6 {dU<-h wywpngb-
Gtgmu pnppnpwjhl qonpopGpwglbph Gipqpuyuonmipjul Lu &Y wujw-
gnijg:

Ilppkyaupyomuae HMMyHHbBIE KOMINIEKCHI KAK BO3MOXHBIE
BOCHAJHUTEIbHBIE MAPKePhI IPH NOCTTPABMATHYECKOM
CTPECCOBOM pPacCTPOMCTBE

JI. II. Oranecsn

B Hacrosie# pa6ote ¢ nomorpio II3I-npenunuTanyy OblIH onpene-
JIeHE O6LIMH ypOBeHb LIMPKY/IHPYIOIIMX HMMYHHEIX Kommiaekcos (IIMK) u
¢ nomompio UPA — ypoBHH MMMYHHHX KOMIJIEKCOB, COZEpIKallUX
NPOAYKTH AKTHBalMH KOMIJIEMEHTa B KPOBH, y GOJBHHX MOCTTpaB-
MaTHyeckKuM cTpeccoBhM pacctpoicTBoM (IITTCP) # 3H0pOBEIX JIHIL

CornacHo moJsy4eHHHIM HaHHBIM, Kak o6mui ypoBeHr LUK, Tak u
ypoBHH LIWIK, cBsisaHHEIX ¢ NPOAYKTaMH aKTHBAlWM KOMILIEMEHTa, Y 60Jb-
Heix IITCP no cpaBHeHHIO €O 340POBHIMH JHLAMH GhUIH 3HAUHTEJBHO OB
IIeHBl. STH pesyJbTaThl MPEJOCTABJAIOT AONOJHHTEJLHEIE [0Ka3aTelbCTBa
BOBJIEYEHHS BOCHAJHTENbHBIX nporueccoB B naroreHes ITTCP.
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