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Abstract

Background  and objectives: Depressive  disorders  are  linked  with  an  increase  in the  central  and

peripheral concentration  of  many  pro-inflammatory  cytokines,  including  mainly  tumour  necrosis

factor � (TNF-�)  and interleukins  (ILs).  The  aim  of  the  presented  work  is to  verify  whether

personality  traits  predisposing  to  the  occurrence  of  a  depression  episode  are  associated  with

changes in  the peripheral  expression  of  genes  for  selected  cytokines.

Methods:  77  individuals,  who  met  the  diagnostic  criteria  for  a  depression  episode  were  qualified

to take  part  in  the  study.  Personality  traits  was  measured  using  selected  scales  of  The  Minnesota

Multiphasic  Personality  Inventory  (MMPI-2).  Expression  at the  mRNA  and  protein  level  for  IL-1,

IL-6, IL-10,  IL-12  and  TNF-� were  examined.

Results:  A  significant  positive  dependence  was  observed  in  the  entire  group  examined  with

reference  to  the  intensity  of  symptoms  on  the  Welsh  anxiety  scale  and  the  expression  at  the

mRNA and  protein  level  for  the  IL-12  gene.  Analyses  conducted  separately  for  the first  depressive

episode group  and  the  recurrent  depression  group  revealed  significant  interrelations  between

the neurotic  triad  of  the MMPI-2  test  and  the  expression  for  genes  IL-1,  IL-10  and  IL-12.

Conclusions:  (1) The  intensity  of  depression  episode  symptoms,  measured  using  the  neurotic

triad and  the  Welsh  anxiety  scale  for  the  MMPI-2  test,  correlate  significantly  with  the  expres-

sion at the mRNA  and  protein  level  for  the  genes  of  pro-inflammatory  and  anti-inflammatory

cytokines. (2)  Anxiety  as  a  personality  trait  may  be  a  significant  marker  of inflammation  during

a depression  episode.
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Introduction

Brain  diseases  belong  to  the  most  socially  and  economically
burdening  diseases  in Europe.  Approximately  800 billion
euros  are  spent  annually  on  the fight  with  the  consequences
of  these  diseases.1 Among  all brain  diseases,  more  than  60%
of  social  and  economic  costs  are  generated  by  mental  disor-
ders,  mainly  depressive  disorders.2

Annual  prevalence  of  depression  in the  population  of
adults  oscillates  between  6%  and  12%.  Based  on numer-
ous  sources,  it varies  from  5% to  even  30%  among  people
over  the  age of  65.3 According  to  estimates  of  the World
Health  Organisation  (WHO),  350 million  people  around  the
world  present  symptoms  of  depression,  while  depressive  dis-
orders  constitute  nearly  4.3%  of the  global  burden  of  all
diseases.4 Depression  often  accompanies  other  somatic  dis-
eases  as  a  symptom.  It  means  that  approximately  10%  of  all
adults  (which  corresponds  to  100  million  cases)  show  signs
of  depression  during  a year.  Women  suffer  from  depression
twice  as  often  as  men.5

Both  physical  and psychological  (emotional)  stress
increase  the likelihood  of  occurrence  of  mental  disorders
(including  depressive  disorders)6,7 owing  to  the action  of
a  series  of  hormonal  and biochemical8 as  well  as  epige-
netic  mechanisms,  which  has  been  confirmed  in recent
times.9 With  the absence  of  somatic  comorbidity,  depres-
sive  disorders  are  linked  with  an increase  in  the central
and  peripheral  concentration  of  many  pro-inflammatory
and  anti-inflammatory  cytokines,  including  mainly  tumour
necrosis  factor  � (TNF-�)  and  interleukins  (ILs).10 Changes
in  the  metabolism  of  biogenic  monoamines,  i.e.  dopamine,
noradrenaline  and  serotonin  in mesencephalic  nuclei,  are
considered  potential  ways  of cytokines’  impact  on  the aeti-
ology  of  depression.11 Moreover,  cytokines  lead  to  excessive
secretion  of  cortisol  ---  directly  by means  of  stimulating
the  hypothalamic---pituitary---adrenal  axis (HPA  axis)  and
indirectly  by  modifying  the sensitivity  of  glucocorticoid
receptors.11

A  special  role  in  the aetiology  of  recurrent  depression  is
assigned  to  three  pro-inflammatory  interleukins  (IL-1,  IL-6
and  IL-12)  as  well  as  IL-10,  which  is  one  of  anti-inflammatory
interleukins.12,13 On the  other  hand,  TNF-� induces  excessive
reuptake  of monoamines,  stimulates  pathologic  hyperactiv-
ity  of the  HPA  axis,  and increases  the  activity  of indole
2,3-dioxygenase  (IDO);  hence,  reduces  substantially  the pro-
duction  of serotonin.14,15

In one  of  our  previous  papers,  we  indicated  that  the pre-
morbid  personality  structure  (mainly  anxiety  as  a constant
feature  of  emotional  functioning)  may  have  a  significant
importance  for  the  effectiveness  of applied  antidepressant
pharmacotherapy.16

The  aim  of  the  presented  work  is  to verify  whether
personality  traits  predisposing  to  the occurrence  of  a  depres-
sion  episode  are associated  with  changes  in the peripheral
expression  of  genes  for  selected  pro-inflammatory  and
anti-inflammatory  cytokines:  IL-1,  IL-6,  IL-10,  IL-12,  and
TNF-�.

Material and methods

Material

Seventy-seven  individuals,  aged  18---64  (M  =  47.96,
SD  = 11.23),  meeting  the diagnostic  criteria  for  a
depression  episode  and  recurrent  depressive  disorders
(F32.0---7.32.2,  F33.0---F33.8),  were  qualified  to  participate
in the experiment.17,18 All  the examined  individuals  were
patients  of the Department  of  Adult  Psychiatry  of the
Medical  University  of Lodz  (the  J.  Babiński  Hospital  in Lodz,
Poland).  All  the subjects  were  examined  during  their  hospi-
talisation,  and  no symptoms  of concurrent  somatic  diseases
or  axis  I and  II disorders,  other  than  depressive  episodes,
were  diagnosed.  Inflammatory  or  autoimmune  disorders,
central  nervous  system  traumas,  and  unwillingness  to  give
informed  consent  were  considered  additional  exclusion
criteria.  A case  history  was  obtained  from  each  patient
using  the  standardised  Composite  International  Diagnostic
Interview  (CIDI)19 prior  to  the  start of  the experiment.

The  examined  individuals  were  divided  into  two  groups:
the  patients  diagnosed  with  the  first  depression  episode
(ED-I,  N  =  25)  and  the  patients  treated  due  to  a recurrent
episode  of  the disease  (recurrent  depression  episodes  group,
rDE, N  =  52).  Statistically  significant  differences  were  con-
firmed  in the examined  groups  in terms  of  age (Z = 0.117,
p  = 0.011).  No  significant  differences  were  found  in terms  of
sex  (X2 =  0.221,  p =  0.641)  between  the  two  groups.

Depression  severity  was  evaluated  and classified  using
the 21-item  Hamilton  Depression  Rating  Scale  (HDRS).20

Intensity  levels  of  depressive  symptoms  were  measured  with
the  use  of  the grades  presented  in the  study  conducted  by
Demyttenaere  and  De Fruyt.21 Each  patient  was  examined
by  the  same  specialist  (the  same  psychiatrist  performed  the
HDRS  test, while  a  clinical  psychologist  oversaw  conducting
the MMPI-2  test).

The  individuals  taking  part  in the experiment  were  native
Poles  from  central  Poland  (not  related  with  one  another).
They  were  selected  at random  without  replacement  samp-
ling.  Participation  in the study  was  voluntary;  all  personal
data  and  results  were  kept  confidential.  Before  making  a
decision  to  participate  in the experiment,  the patients  were
informed  about  its purpose,  assured  of  the voluntary  nature
of  the experiment,  and guaranteed  that  their  personal  data
would  be kept  in secret.  Written  informed  consent  was  given
in  accordance  with  the study  protocol,  approved  by  the
Bioethical  Committee  of the Medical  University  of  Lodz  (No.
RNN/272/15/KE).

Methods

The  Minnesota  Multiphasic  Personality  Inventory

(MMPI-2)

The  Polish  version  of  the MMPI-2  by  S. Hathaway  and  J.
McKinley,  adapted  by  T.  Kucharski  was  used to evaluate  the
personality  structure  of  the examined  individuals.
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The  MMPI-2  is  a  psychological  tool  used  in  the diagnostics
of  various  disorders,  which  is  also  helpful  in determin-
ing  the  mode  of  planned  psychotherapeutic  interventions.
When  applying  the MMPI-2  test  profilograph  during  an
assessment  of  depression  symptoms,  multiple  scales  and
subscales  for  disposal  are used,  which  are characterised
by  various  degrees  of  diagnostic  accuracy,  e.g. the  clinical
depression  scale  (D),  hypochondria  scale  (Hs)  and the hys-
teria  scale  (Hy).  The  depression,  hypochondria  and hysteria
scales  make  the ‘neurotic  triad’.22,23 High  scores  in all  the
three  scales  are  associated  with  excessive  concentration  on
somatic  health  status,  frequent  complaints  about  physical
ailments,  lack  of  energy,  sleep problems,  impaired  attention
and  concentration,  and  low self-esteem,  diffidence  and pes-
simism.  Subjects  in this  group  react  to  demanding  situations
with  strong  somatic  symptoms.  They are nervous,  impatient
and  live  under  constant  tension.24,25

HDRS  was  applied  at  the therapy  onset  (on admission)
and  after  8  weeks  of  its  continuation.  The  MMPI-2  test  was
applied  at  the  beginning  of  the  pharmacological  treatment.
All  the  patients  were  examined  on  admission,  i.e.  during  the
symptomatic  phase,  before  or  shortly  after  a modification  of
the  previous  antidepressant  drug  regime.  The  blood  used  to
conduct  genetic  analyses  was  collected  (in  volumes  of 5  ml)
on  the  day  of  admission  to  the  experiment.

Evaluation  of selected  genes expression  at  the
level of protein

Determining  protein  concentration

Total  protein  concentration  in blood  plasma  of  the  patients
was  determined  with  the  use  of Micro  BCATM Protein  Assay
Kit  (ThermoSCIENTIFIC)  based on  the  manufacturer’s  rec-
ommendations.  150 �l  of  the reaction  mixture  was  added
to  pits  containing  150 �l of  serum,  diluted  10  times  in
10  mM  of  phosphate  buffered  saline,  pH 7.4, and incu-
bated  (2  h,  37 ◦C).  An analytical  curve  for  serum  albumin
was  determined  in order  to  measure  protein  concentra-
tion.  Both  the  examined  samples  and  the  reference  samples
were  made  parallel  in three  repetitions.  Sample  absorbance
was  measured  using Multiskan  Ascent Microplate  Photometer
(Thermo  Labsystems)  at  �  =  570 nm  and  total  protein  concen-
tration  was  calculated  from  the standard  curve  equation.

Enzyme-linked  immunosorbent  assay (ELISA)

The  concentration  of proteins  IL-1,  IL-6, IL-10,  IL-12  in the
patients’  serum  was  determined  using  IL-1  Elisa  kit  (R&D
Systems,  Inc, Minneapolis,  MN,  USA),  Human  IL-6  Elisa kit
(R&D  Systems,  Inc,  Minneapolis,  MN,  USA),  Human  IL10  (R&D
Systems,  Inc,  Minneapolis,  MN,  USA),  IL-12  Elisa  kit  (Life-
Span  Biosciences,  Inc.,  Seattle,  WA, USA)  and  TNF-� Elisa
kit  (LifeSpan  Biosciences,  Inc.,  Seattle,  WA,  USA)  according
to  the  protocols  provided  by  the manufacturer.  �-actin  was
used  for  endogenous  control  of  protein  concentration  in the
samples  and  determined  with  the help  of  Human  Actin  Beta
(ACTb)  ELISA  Kit  (BMASSAY)  based  on  the manufacturer’s  rec-
ommendations.  100  �l of  serum  (�protein  = 0.5 mg/ml)  was
added  to  pits  coated  with  antibodies  specific  for  the  ana-
lysed  proteins  and  then  incubated  (1.5 h,  37 ◦C).  The  content
was  removed,  and  the  pits  were  rinsed  three  times  in 10  mM
of  phosphate  buffered  saline  and  incubated  (1 h, 37 ◦C)  with

100 �l of  biotinylated  antibodies  specific  for  the  analysed
proteins.  Then,  the  content  was  removed,  and the  pits  were
rinsed  three  times in 10  mM of  phosphate  buffered  saline  and
incubated  (30  min,  37 ◦C)  with  100  �l  of  ABC Working  Solu-
tion.  The  content  was  removed,  and  the pits  were rinsed  five
times  in  10  mM  of  phosphate  buffered  saline  and  incubated
(10 min,  37 ◦C) with  90 �l  of  TMB  substrate.  After adding
100  �l of  TMB  Stop  Solution,  the absorbance  of  the  samples
was  measured  using  Multiskan  Ascent  Microplate  Photome-
ter  (Thermo  Labsystems)  at �  =  450  nm.  Analytical  curves  for
the  analysed  proteins  were created  in order  to  determine
protein  concentration.

Evaluation  of selected  genes expression  at the
level of mRNA

Total  RNA  isolation

Peripheral  blood  was  used  as  a  material  in  the genotype
study  (in  volumes  of 5 ml on  EDTA).  Total  RNA  isolation  from
the  patients’  blood  samples  using TRIZOL  (Invitrogen  Life
Technologies)  ---  an RNA  extraction  reagent  ---  according  to
the  standard  acid-guanidinium-phenol-chloroform  method,
was  performed  using  Chomczyński’s  modified  method.26 The
absorbance  of  isolated  RNA  was  measured  using  a spec-
trophotometer  (Picodrop)  at �  =  260  nm  with  the aim  of
determining  total  RNA  concentration.  Isolated  RNA was
stored  at  a  temperature  of  −70 ◦C.

Quality  analysis  of  isolated  RNA

The  quality  of  total  RNA  was  checked  with  Agilent  RNA  6000
Nano  Kit  (Agilent  Technologies)  in accordance  with  the man-
ufacturer’s  recommendations.  1 �l  of  RNA  6000  Nano  dye
was  added  to a test  tube  containing  65  �l of  Agilent  RNA  6000
Nano  gel  matrix,  and then  centrifuged  (10 min,  13,000×g).
The  gel-fluorescent  dye  mixture  was  applied  on  the surface
of  a Nano  chip  placed  in a workstation.  Then,  5 �l  of  RNA
Nano  marker  were added  to  selected  pits.  Isolated  samples
of  RNA and  RNA  size  marker  were  subject  to  denaturation
(2  min,  70 ◦C),  and then  1 �l of  the sample  was  pipetted to
selected  pits  of  the Nano  chip,  and  mixed  (1 min,  2400  rpm).
The  quality  of  isolated  RNA  was  checked  using  2100  Bioan-
alyzer  (Agilent  Technologies).  The  level  of  degradation  of
total  RNA  was  determined  with  the use  of  an  electrophore-
togram  and  the RIN  values  recorded.  Only  the samples  with
RIN  value  >7  were  subject  to  further  analysis.

RT-PCR  reverse  transcription

An  RT reaction  was  carried  out  using  TaqMan
®

RNA  Reverse
Transcription  Kit  (Applied  Biosystems)  based  on  the  manu-
facturer’s  recommendations.  The  samples  were incubated
(30  min,  16 ◦C and  30  min,  42 ◦C) in a thermocycler  (Biome-
tra). Reverse  transcriptase  was  inactivated  (5 min,  85 ◦C)
and the obtained  cDNA  was  stored  at  a temperature  of
−20 ◦C.

Real-time  PCR  reaction

A real-time  PCR  reaction  was  conducted  using  TaqMan
®

Universal  PCR  Master  Mix,  No  UNG  (Applied  Biosystems),
according  to  the protocol  provided  by  the manufacturer,
delivered  by  Applied  Biosystems.  To  calculate  relative
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Table  1  Participants’  demographic  and  clinical  features.

Age  (years)  All  subjects  N  =  77  ED-I  N  = 25  rDE  N  =  52  ED-I  vs  rDE

Male/female  (%)  46/31  (59.75/40.25)  14/11  (56/34)  32/20  (61.54/38.56)  �2 =  0.215  0.641

Age M(SD)  47.96  (11.23)  43.23  (12.01)  50.23  (10.19)  Z  = −2.451  0.011*

HDRS-I  M(SD)  23.6  (7.12)  22.96  (7.67)  23.94  (6.89)  Z  = −0.201  0.841

HDRS-II M(SD)  6.61  (3.9)  5.87  (3.48)  6.94  (4.19)  Z  = −0.704  0.481

Number of  depression  episodes  M(SD)  ---  --- 7.35  (4.3) ---  ---

ED-I --- first episode of  depression; rDE --- recurrent depression episodes; HDRS-I --- Hamilton Depression Rating Scale at the onset of
therapy; HDRS-II --- Hamilton Depression Rating Scale after pharmacological treatment; M  --- mean; SD --- standard deviation.

* --- p statistically significant.

expression  of  miRNA  genes,  the Ct  comparative  method  was
used.27,28

Statistical  analysis

A  statistical  analysis  of  the material  was  performed  with
the  use  of  both  descriptive  and  inferential  statistics.  A
two-tailed  critical  region  was  employed  in the  testing  of
the  statistical  hypothesis.  The  qualitative  characteristics  of
the  groups  were  expressed  as  frequencies  and shown  as
percentages.  An  arithmetical  mean  (M)  was  calculated  to
characterise  the  average  values  of  quantitative  features.

Distributions  were  measured  with  the use  of  the
Shapiro---Wilk  test. The  hypothesis  referring  to  the  normal-
ity  of  distribution  was  rejected.  The  following  tests  were
applied  in  the  comparison  of  nonparametric  variables  in the
test  groups:  the  Pearson  �2 for  qualitative  variables,  the
Wilcoxon  signed-rank  test  for two  related  groups  for  quan-
titative  variables,  and the  Mann---Whitney  U  test  for  two
independent  groups  to determine  the coincidence  of  dis-
tributions.  Spearman’s  R rank order  correlation  coefficients
were  estimated,  the  aim  of  which  was  to  evaluate the
relationships  between  the  analysed  variables.  Statistical  sig-
nificance  was  defined  as  p < 0.0529 in each analysis.  All the
analyses  were  conducted  using  STATISTICA  PL,  version  12.

Results

The  social  and demographic  characteristics  of  the examined
individuals  and  the information  regarding  the  course  of  the
disease  are  presented  in  Table 1.

Course  of  the  disease

Table  1  shows  that  disease  intensification  on  the  day of
admission  and after  treatment  completion  was  similar  in the
two  groups  compared.  Statistically  significant  differences
were  observed  in both  examined  groups  in terms  of  the
intensity  of  depression  symptoms  measured  at the  onset  of
pharmacotherapy  and  after  8  weeks.  A significant  improve-
ment  of  the patients’  mental  status  was  achieved (Z  =  4.281,
p  < 0.001  for the  ED-I  group;  Z  =  6.261,  p < 0.001 for  the  rDE
group,  respectively).

Descriptive  statistics  of the  analysed  variables

Statistically  significant  differences  in the  intensity  of  symp-
toms  measured  with  the  neurotic  triad  and  the Welsh  anxiety
scale  for  the  MMPI-2  test were  confirmed  between  the  ana-
lysed  groups.  Significantly  higher  scores  were  recorded  by
the subjects  hospitalized  due  to  a  recurrent  depression
episode  (Table  2) as  compared  to  the  individuals  treated
with  antidepressant  pharmacotherapy  for  the  first  time.  No
differences  were  found in the  expression  at  the mRNA  and
protein  level for the  analysed  variables  in the examined
groups  (Table  2).

Correlations

Spearman’s  rank correlation  coefficient  analysis  did  not
reveal  any statistically  significant  relationship  between  the
expression  at the mRNA and  protein  level  for  IL-1,  IL-6,  IL-10
and  TNF-� for  the  entire  group analysed  (N = 77).  Significant
positive dependence  was  observed  in the entire  group  exam-
ined  with  reference  to  the  intensity  of  symptoms  on  the
Welsh  anxiety  scale  and  expression  at the  mRNA  and  protein
level  for  the  IL-12 gene  (p  <  0.05).

Results  of  statistically  significant  analyses,  conducted
separately  for the ED-I  and  rDE  groups,  are  presented  in
Table  3.

Discussion

Personality  can  be defined  as  interpersonal  behaviour,  sub-
jective reactions,  feelings  and  objectives  we  strive  after,
typical  of each  person.30 Based  on  the theory  of  personal-
ity  development  continuity  in time,  it  is  assumed  that  the
main  traits  are relatively  constant  beginning  from  the age of
three.  The  traits  present  in childhood  become  more  intensi-
fied  at later  stages  of  development  (e.g.  self-conscious  and
behaviourally  inhibited  children  are more  exposed  to  the
reinforcement  of  anxiety  disorder  symptoms,  with  numer-
ous  avoidance  strategies,  in  adolescence  and  adulthood).31

The  quality  of  development  processes  decides  about  the
functioning  of a  given  person  in  terms  of  motivation  to  act,
adaptation  processes,  and  experiencing  oneself  in relations
with  others.32

Mainly  limbic  structures  with  the amygdala  and  the
hippocampus,  and  the prefrontal  cortex,  as  well  as  the
effectiveness  of  connections  between  them,  have particu-
lar  relevance  in the process  of  personality  shaping.33 The
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Table  2  Descriptive  statistics  for  the  analysed  variables  as divided  into  examined  groups  (N  =  77).

Variable  M(SD) All  subjects  N  =  77  ED-I  N  = 25  rDE  N  =  52  ED-I  vs rDE

Hypochondria  scale  (Hd)  High  scores  reflect  undefined

physical  problems,  concern  for

own health,  concentration  on

invented  somatic  problems,

lack of  energy,  dissatisfaction,

sleep  problems,  complaining,

claiming  attitude

71.481  (14.22)  66.241  (13.88)  74  (13.82)  −2.165*

Depression  scale  (D)  High  scores  reflect  depressive

mood,  low  self-esteem  and  the

feeling  of  being  inappropriate,

worrying,  dissatisfaction  with

life  status,  withdrawal

76.416  (12.33)  70.921  (11.32)  79.058  (12.02)  −2.720*

Hysteria  scale  (Hy)  High  scores  mean  little  insight

into  life  problems  and

emotions,  numerous  somatic

fears,  sleep  problems,

negation,  claiming  approach,

self-concentration

71.494  (14.22)  66.481  (15.64)  73.904  (13.24)  −2.029*

Welsh  anxiety  Anxiety  intensification  as a

constant  personality  trait

73.001  (10.66)  68.913  (11.14)  74.918  (9.98)  −2.488*

IL-1  mRNA  (2−��ct) 0.683  (0.09)  0.679  (0.09)  0.684  (0.08)  −0.179

IL-1 protein  (pg/ml)  11.373  (1.46)  11.292  (1.62)  11.412  (1.39)  −0.179

IL-6 mRNA  (2−��ct) 0.329  (0.05)  0.336  (0.05)  0.326  (0.05)  0.680

IL-6 protein  (ng/ml)  5.462  (0.84)  5.584  (0.78)  5.404  (0.86)  0.843

IL-10 mRNA  (2−��ct)  0.377  (0.05)  0.384  (0.06)  0.373  (0.05)  0.533

IL-10 protein  (ng/ml)  6.257  (0.87)  6.348  (0.97)  6.213  (0.83)  0.386

IL-12 mRNA  (2−��ct)  0.932  (0.18)  0.910  (0.19)  0.943  (0.17)  −0.740

IL-12 protein  (ng/ml)  15.542  (2.95)  15.172  (3.18)  15.719  (2.86)  −0.783

TNF-� mRNA  (2−��ct)  0.676  (0.09)  0.670  (0.09)  0.679  (0.09)  −0.294

TNF-� protein  (ng/ml) 11.157  (1.42)  11.052  (1.33)  11.208  (1.48)  −0.479

ED-I --- first depression episode; rDE --- recurrent depression episodes; M  --- mean; SD --- standard deviation.
* --- p statistically significant.

Table  3  Results  of  Spearman’s  rank  correlation  for  the  variables  analysed  separately  for  the  ED-I  group  and  the  rDE  group.

R  Spearman  p

ED-I

IL-1  mRNA  (2−��ct) &  Depression 0.402  0.04*

IL-1  protein  (pg/ml)  0.401  0.04*

IL-10  mRNA  (2−��ct) &  Depression 0.423  0.03*

IL-10  protein  (pg/ml)  0.414  0.04*

IL-10  mRNA  (2−��ct) &  Hysteria 0.453  0.02*

IL-10  protein  (pg/ml)  0.439  0.02*

rDE

IL-12  mRNA  (2−��ct) &  Depression 0.265  0.05*

IL-12  protein  (pg/ml)  0.273  0.05*

IL-12  mRNA  (2−��ct) &  Welsh  anxiety 0.392  0.005*

IL-12  protein  (pg/ml)  0.403  0.004*

ED-I --- first depression episode; rDE --- recurrent depression episodes.
* --- p statistically significant.

moment  of  maturation  of  those  structures  is  convergent  with
the  periods  critical  for the shaping  of  permanent  personal-
ity  traits  of  a  human  being.  The  hippocampal  region  reaches
maturity  close  to  that  of  an adult person  between  week
13  and  20  of  pregnancy.34 Subsequent  essential  structural
changes  take  place  during  the first year  of life,  espe-

cially  in the dentate  gyrus  and  in  the entorhinal  cortex.  At
subsequent  ages,  a  growth  in  size  was  noted  in all  com-
ponents  of  the hippocampal  formation.35 Frontal lobes
‘‘mature’’  gradually  as  late  as  at the age  of 20---25,36 reach-
ing  the  highest  specialisation  in this  period.  Referring  to  the
functional  model  in the  aetiology  of  depression,  which  can
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be  also  referred  to  a shaping  personality,37,38 hyperactivity  in
the  limbic  area  (the  amygdala,  hippocampus,  anterior  cin-
gulate  cortex)  is  not  sufficiently  controlled  by  the medial
cortex  of  the frontal  lobe  in  response  to  emotional  stimuli
of  a  negative  charge.39 On the other  hand,  positive  stimuli
cause  excessive  inhibition  in the frontal  cortex.40

Personality  shaping  is  also  affected  by  both  genetic  and
environmental  factors,  which  indicate  the  direction  of  the
structural  and  functional  development  of  the  brain.  They
may  affect  either negatively  or  positively  each of  the pre-
viously  mentioned  developmental  stages;  hence,  reduce
or  increase  our  resistance  and  coping  skills.41 The  first
signal  of  a disease  that affects  functions  of  the brain  usu-
ally  include  subtle  changes  in behaviour,42 irrespective  of
whether  we  are  dealing  with  personality  disorders,  mood
disorders,  anxiety  disorders,  psychosis,  or  dementia.  Estab-
lished  personality  traits  in  the form  of  anxiety  attitude  are,
on  the  other  hand,  a  source  of  constant  pro-inflammatory
activity  of  the  immune  system  by  means  of  dysregulating
the  HPA  axis.43 Through  excessive  production  of  neurotoxic
compounds  (especially  the so-called  tryptophan  Catabolites,
TRYCATs),  this  cascade  of  mutual  feedback  loops  leads  grad-
ually  to  neurodegenerative  processes,  which are  revealed
among  others  in the form  of  depression.44---46

The  epigenetic  mechanisms  described  in  the papers  dedi-
cated  to the  aetiology  of  depression  (e.g.  miRNA  expression,
DNA  methylation  and  histone  modifications)  have  a per-
manent  impact  on  gene expression  without  modifying  the
genetic  code.  They  may  be  the missing  link  between  biologi-
cal  and  environmental  factors  and  permanent  structural  and
functional  changes  taking  place  in  the human  brain,  which
lead  to  the  occurrence  of depression.47,48

The  results  obtained  by  us,  which  indicate  that  the scales
of  the  MMPI-2  test  associated  with  the  intensification  of
anxiety  symptoms  correlate  positively  with  the expression
of  both  pro-inflammatory  and  anti-inflammatory  cytokines,
correspond  with  the phenomena  described  above.  Golim-
bet  et  al.49 (IL-10  and  Il-4  were  analysed),  Sutin et al.50

(IL-6),  and  Elliot  et  al.51 recorded  results  that  are similar
with  the  results  obtained  by us.  Interestingly,  this relation-
ship  is  observed  amongst  members  of  Western  cultures,  but
not  amongst  the people  who  live  in  the  East.52 An  increased
level  of  neuroticism  ---  as  a personality  trait ---  combined
with  low  conscientiousness  and  openness  to  experiences  is
linked  not  only  with  an  elevated  risk  of attempting  suicide,53

but  also  with  a rise  in  the following  indicators  of an active
inflammatory  process:  interleukin  6  (Il-6),  C-reactive  protein
(CRP).50,54---56 A  tendency  to  experiencing  often  the feeling
of  anger  and  hostility  is  accompanied  by  an increase  in  the
level  of  CRP57 and TNF-�.58,59 Furthermore,  a  tendency  to
having  an  anxious  approach  when  evaluating  reality  corre-
lates  positively  with  the level  of CRP  and negatively  with
the  level  of  self-control.60 Additionally,  it  turns out  that  a
high  level  of  neuroticism  is a common  feature  for  the people
susceptible  to  depressive  disorders  and dementia,61 while
personality  changes  in the form  of  intensive  fear  ---  as  a
permanent  personality  trait  ---  turn  out to  be  a predictor  of
dementia.62 Table 4 presents  collectively  the results  of  the
most  important  research  studies  conducted.

We  also  showed  that the  level  of  intensification  of
an  anxiety  feature  significantly  differentiates  people  with

Table  4 Inflammatory  process  indicators  versus  personality

traits.

↑  IL-6  ↑ Neuroticism50,55

↓ Conscientiousness50

↓ Openness  to  experience54

↑ Impulsiveness53

↑  CRP  ↑ Neuroticism50

↓ Conscientiousness50

↓ Openness  to  experience  [Luchetti  et  al.,  2014]

↑ Hostility57

↑ Impulsiveness53

↑ Anxious  attitude  in reality  evaluation60

↓ Self-control60

↑  TNF-�  ↑ Hostility58,59

the first  and with  recurrent  episodes  of  depression.
The  results  recorded  are  also  confirmed  in  studies  and
experiments  conducted  by other  centres.63 Kuznetsova
et  al.64 mention  interrelations  between  neuroticism  and
the intensification  of  depression  symptoms  in a  group  of
students,  while  Smith  et  al.65 confirm  the same  among  ado-
lescents.  However,  this dependence  is not  typical  for  young
adults.  It  is  also  observed  in the  case  of  individuals  in mid-
dle age66,67 and in the  elderly  suffering from  depressive
disorders.68,61 Moreover,  an initially  high  neuroticism  fea-
ture  increases  the  risk  of attempting  a  suicide61 and  the
risk  of disease  recurrence.16,69 In their  deliberations,  Yoneda
et  al.70 went  one  step further  and  treated  a more  inten-
sive  neurotic  tone  of  personality  in  older  respondents  as  an
earlier  marker  of dementia.

Interesting  results  of  studies  conducted  on  a group  of  133
healthy  participants  were  presented  by  a  team  of  Italian
scientists.71 It  turned  out that  the  5HTTLPR  s/s genotype
was  linked  with  neuroticism  and tension/anxiety  symptoms,
cognitive  anxiety,  and emotional  arousal  control.  What  is
more,  neuroticism  mediates  the association  between  the
5HTTLPR  polymorphism  and  symptoms  of  cognitive  anxiety
and  emotional  arousal  control.  Gao  et  al. recorded  compa-
rable  results  to  the  ones  presented  herein  for  the following
genes:  OXTR,  RORA, GRM8,  CHRNA4,  IL-1A,  CRHR1,  MTHFR,
DRD2,  APOE.72

The  structure  of patients’  personality  in the  presented
paper  was  evaluated  only before  the  start  of  pharmacothe-
rapy,  i.e. during the period  of  the highest  intensification  of
symptoms.  Therefore,  a  question  should  be asked  whether
depression  psychopathology  itself  could  have  an impact  on
fear  intensification  as  a  situational  state.  In compliance
with  the previously  mentioned  theory  of  the  permanent
nature  of  personality  traits,31 the  main  foundation  of  per-
sonality  does  not  change  during  subsequent  years  of our
lives.  According  to  Lopez-Castroman  et  al.,73 axis  II diag-
noses  in  acutely  depressed  patients,  reassessed  after  3
months,  are often  stable  and  not associated  with  remis-
sion  of  or  improvement  in major  depression.  A diagnosis
of  personality  disorders  (mainly  border-line  disorders  and
obsessive-compulsive  personality  disorders)  reduced  signifi-
cantly  the period  of  remission  after  a clinical  improvement
had  been  achieved  in  the patients  suffering  from  a  major
depressive  disorder  (MDD).74,75



Personality,  inflammation  in depression  69

To  sum  up,  it is  justified  to  once  again  refer  to  the  phe-
nomenon  of  epigenetics  and  underline  the results  obtained
by  us,  which  indicate  a connection  between  anxiety  as  a
constant  personality  trait  with  changes  in  the expression  of
genes  of  pro-inflammatory  and  anti-inflammatory  cytokines.

Conclusions

1.  The  intensity  of  depression  episode  symptoms,  measured
using  the  neurotic  triad  and  the Welsh  anxiety  scale  for
the  MMPI-2  test,  correlate  significantly  with  the expres-
sion  at  the mRNA  and  protein  level  for  the genes  of
pro-inflammatory  and anti-inflammatory  cytokines.

2.  Anxiety  as  a  personality  trait may  be  a  significant  marker
of  inflammation  during  a  depression  episode.

Limitations

Age differences  between  the examined  groups  may  be
treated  as  a  limitation  of the study.  However,  irrespective  of
the  age  differences  between  the  examined  groups,  statisti-
cally  significant  dependence  was  confirmed  for  each  group
separately.

It  is  also  worth  repeating  the  protocol  of  the experiment
with  reference  to  more  numerus  groups  of  subjects.  It must
also  be  noted  that  the research  study  had an  explorational
rather  than  clinical  nature.
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