P-HO-1231/26.08.2026

REVIEW
By Prof. Dr. Petar Marinov Marinov, MD

Regarding: dissertation for the award of the scientific and educational degree
"Doctor of Medicine”, field of higher education 7. "Education and Sport”,
professional field 7.1: Medicine, scientific specialty 03.01.20: "Psychiatry”

by Petar Stefanov Popov, full-time doctoral student at the Department of
Psychiatry and Medical Psychology at the Medical University - Plovdiv

on the topic: "NEGATIVE SYMPTOMS IN SCHIZOPHRENIA:
CLINICAL AND BIOLOGICAL MARKERS
FOR THE DIAGNOSIS"
Scientific supervisor:
Prof. Dr. Drozdstoy Stoyanov, MD, DMS
Scientific consultant: Prof. Dr. Michael Mes, MD, DMS

The review was prepared on the basis of Order No P- 4050/09.07.2026 of the
Rector of the Medical University of Plovdiv, Prof. Dr. A. Uchikov, MD, DMS

1.  Brief biographical data

Doctoral student Dr. Petar Stefanov Popov was born in 1989 in the city of Plovdiv, In 2008, he
graduated with honors from his secondary education at "St. St. Cyril and Methodius” - Plovdiv,
with a humanitarian profile and studies of Greek language.

In 2012, he obtained a Bachelor's degree in Biology at the Plovdiv University "Paisiy
Hilendarski". In 2019, he graduated with honors from the Medical University - Plovdiv.

In the period 20202021, he worked as a specialist doctor at the Center for Mental Health -
Plovdiv. In 2021, he was appointed to the position of specialist doctor at the Clinic of Psychiatry
of the University Hospital "St. George” - Plovdiv.

In 2021, is enrolled as a full-time doctoral student with the topic of the dissertation: "Negative

symptoms in schizophrenia: clinical and biological markers for the diagnosis”.
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In 2022, he won a competition for an assistant professor at the Depariment of Psychiatry and
Medical Psychology of the Medical University - Plovdiv, where he teaches in Bulgarian and

English and continues his professional activity 1o this day.
In 2024, he successfully passed the state exam for acquiring the specialty "Psychiatry™.

He speaks English and Greek at a very good written and spoken level,

Il. General characteristics of the dissertation work

The dissertation contains 142 pages. It includes 16 tables and 17 figures. The literature review
coviers 123 sources, all in English, 3 publications have been printed in connection with the
dissertation work. The literature review is within 27 pages. Hypotheses, goals and objectives
are on 3 pages, Material and methods are discussed within 9 pages. The results and discussion
of pmspﬁr;tivc study 1 are on 24 pages, retrospective study 2 occupy 17 pages. The Diagnostic
Algorithm proposed by the author is presented within one page. The conclusions are presented
on 2 pages, the contributions on one page. The bibliography occupies 8 pages, the appendices
30 pages of the entire volume of the work.

M. Literature review

Diagnostic polymorphism of schizophrenia: The author considers the concept of schizophrenia
as an independent mental illness in historical terms and inextricably linked with the creation of
the nosological classification of psychoses. A retrospective is made of the dichotomous
classification of the “endogenous psychoses™ of E. Kraepelin — “dementia praecox™, through
the primary “basic” disorder of Bleuler, the first-rank symptoms of K. Schneider. The concept
of John Hughlings Jackson, about the breakdown of higher, more differentiated levels of mental

activity and the release of lower, more primitive levels, is also examined.

The change in views on mental retardation over time is traced, schizophrenia is now considered
to be largely a functional, reversible condition. The concept of “dementia™ has been replaced
by the idea of a specific defect.

A critical review of the nosography of schizophrenia is made in retrospect after the introduction
of the International Statistical Classification of Diseases (1CD). ICD in 1948,



The author rightly notes the shortcomings of modemn classifications regarding the interpretation
of negative symptoms as present in different forms, e.g. Post-schizophrenic depression —
Residual schizophrenia - Ordinary (also known as simple) schizophrenia — “negative™ features

develop without being preceded by any manifest psvchotic symptoms.

Unlike DSM IV, DSM V eliminates the separate forms of schizophrenia and attempts to
up-n:ml:iunﬁlim the disease based on common characteristics, but maintaining a descriptive or
phenomenclogical approach. These classifications place negative symptoms as one of the basic
5 necessary for diagnosis, but by no means mandatory (1 of 5). ICID 11 in its Psychiatric section,
Chapter 06 describes Memntal, behavioral and newrological disorders of neurodevelopment. Like

DSM 5, there are no forms of schizophrenia, there is also no operationalization and clear

diagnostic criteria regarding negative symptoms.

Schizophrenia Deficit Clinical Assessment of Negative Symptoms: A brief critical review of
the more well-known diagnostic scales is provided. The SCI-PANSS scale demonstrates the
greatest criterion-relatedness and predictive validity, drug sensitivity, and is wseful for both
typological and dimensional assessment. Assessment 15 also performed using functional IVMRI]
tools - signal detection theory (SDT), the Stroop effect, Luria’s test, and the like.

The author summarizes in his review the most important results from the application of
Functional Magnetic Resonance Imaging (IMRI) as the most widely used method for imaging
brain function.

IMEI data have been used to identify biomarkers of schizophrenia correlating with the severity
of negative svmptoms. Structural neuroimaging has found a reduction in mean cortical

thickness in different brain regions, regardless of the severity of negative symploms.

Symptoms such as anhedonia and apathy are associated with morphometric abnormalities in
two brain regions involved in reward and motivation, the orbitofrontal cortex (OFC) and the
siriatum. Reduced connectivity in the precuneus and insula has been found in patients with

schizophrenia,

MRI is wsed to help investigate biological markers of psychiatric disorders such as
schizophrenia, major depressive disorder, and bipolar depression. Functional connectivity (FC)
and amplitude of low-frequency fluctuations (LFF) are most imporiant in paticnts with
schizophrenia and bipolar depression.



Brain structures such as the default mode network (DMM) and the executive control network
{ECN) are abnormal in schizophrenic patients.

Cognitive impairment may be a predictor of functional outcomes, Resting-state fMRI data have
found reduced functional connectivity between the prefrontal cortex and the thalamus. There is
a correlation between cognitive deficits and age-related changes in white matter in
schizophrenic patients.

Biomarkers in Major Newrocognitive Psychosis (MNP) It is emphasized that the
cticrpathugcmsis of schizophrenia is more "holistic” in nature and is closely related to systemic
processes leading to neurotoxicity - increased intestinal permeability, increased immune-
inflammatory stress, oxidative stress and nitrosative stress. According to the concept of M.
Maes, there are two tvpes of qualitatively differemt classes in schizophrenia, ie. Major
Meurocognitive Psychosis (MNF) with a predominance of clinically sigmificant negative
symptoms and Simple Neurocognitive Psychosis (SNP). MNP is accompanied by more severe
neurccognitive deficits and symptoms, activated immune-inflammatory processes and

oxidative stress, induction of tryptophan catabolite (TRYCAT), increased levels of quinolinic
acid ((QA) and decreased levels of kynurenic acid (KA).

3 separate tables clearly illustrate the differences between Major and Simple neurocognitive
paychosis (schizophrenia), in terms of biomarkers, cognition and clinical symploms.

IV.  Study hvpotheses
The hypotheses of the study, consisting of two studies, are clearly formulated:

Hypothesis regarding a prospective study [: Using functional magnetic resonance imaging
(IMRI), 1o obtain data on disorders in certain brain structures in patients with negative type
schizophrenia compared to healthy controls

Hypothesis regarding a retrospective study 1I: To confirm the role of immune-mediated

mechanisms as a significant factor in the etiopathogenesis of schizophrenia, compared with data
from previous studies

V.  Aim and objectives of the study
The aims of the dissertation work cover two studies:

* Prospective Study [: Investigation of the diagnostic value of neuroimaging markers in patients
with schizophrenia and healthy controls;



» Retrospective Study 11: Investigation of the diagnostic value of peripheral biological markers
in patients with negative schizophrenia (Major and Simple neurocognitive psychosis) and
healthy controls.

The tasks of prospective study | are grouped into 4 points:

I. Implementation of a paradigm that allows the activation of working memory and cognitive

interference using functional magnetic resonance imaging (fMRI).

2. Analysis of BOLD activations during the performance of a task that activates attention and

short-term memaory.

3. Identification of potential brain structures related o the etiopathogenesis of Negative

schizophrenia.
4. Intergroup analvsis of residual activations in the two studied groups.
The tasks of the retrospective study 11 are formulated as follows:

I. study and comparison of the levels of basic immunological and inflammatory biomarkers in
patients with MNP, SNP and healthy conirols.

2. study the role of the [L-6/11.-23/Th1 7 axis in the pathogenesis of negative tvpe schizophrenia.

3. analysis of the relationships between immunological indicators, neurocognitive deficit and

the severity of negative symptoms.

4. assessment of the possibility of distinguishing patients with MNP, SNP and healthy controls

based on molecular biomarkers and indicators of cognitive functioning.

5. assessment of the applicability of a combination of clinical, cognitive and immunobiological
indicators for building an integrative model for phenotyping patients with schizoplrenia.

V1.  Materials and Methods

Participants in Prospective Study 1: The study was a prospective descriptive study in adults
meeting DSM 3/1CD 10 entena for schizophremia, with a PANSS score = 20 on the negative
symptoms subscale. The study included 17 patients meeting DSM 5/1CD 10 eriteria for
schizophrenia and 34 healthy controls.

Methods of Prospective Study I: Functional Magnetic Resonance Imaging (fMRI)



Participants were examined on a 3T MRI system with 3 different MR sequences, described in
detail by the author. The paradigm consisted of 16 active blocks, During the active blocks, oval
or square-shaped figures (Fig. 1) selected from the International Affective Picture System
(IAPS), which is a validated imaging system for studying emotional responses, are presented.

Statistical processing was performed using the SPM 12 methodology on the MATLAB platform
in erder to examine the activity of brain structures during a task examining short-term memory
and attention under the influence of emotional distractors.

Materials and methods of retrospective study 11

Participants in study 1I: The study is retrospective with a specified diagnosis of schizophrenia
and 40 healthy controls. Part of the methodology and data presented in this retrospective study
Il have been previously published in an article by the author

Research methods of retrospective study 11

Clinical methods - A total of 15 diagnostic scales and questionnaires were used, described in
detail by the dissertationist - BPRS, PANSS, HAM-D, HAM-A, MINI, SDS, BACS, LLT, Digit
Sequencing Task . Category Instances , Controlled Word Association, Symbol Coding test,
Tower of London and Token Motor Task.

Laboratory methods - The concentration of interleukin-6 (IL-6), interleukin-10 (IL-10),
interleukin-17 (IL-17), interleukin-21,2223 (IL 21,22,23), TNF-u, granulocyte colony
stimulating factor (G-CSF) and interleukin (IL-1[) in serum were determined using ELISA kits.

The precision of the analysis is with a coefficient of variation of less than 10% for all analyses.

Statistical methods:

» A classical siatistical analysis, one-way ANOVA, was applied to examine the variations in the
individual scales between the three study groups. Principal component analysis (PCA)
including biomarkers, neuropsychological test resulis and symptom domains in all study
participanis.

* Support Vector Machine (SVM) method - a 10-fold cross-validation procedure for building
SVM models with a linear kernel (linear SVM), as well as with a radial basis function (RBF
SVM) kernel.

* Linear Discriminant Analysis (LLDA) - the quality of LDA models was assessed by analyzing

the confusion matrix and calculating the classification accuracy. These indicators reflect the



ability of the model to correctly distinguish between individual diagnostic groups and minimize

classification errors.

* Soft Independent Modelling of Class Analogy (SIMCA) - The SIMCA method is a modeling
and classification approach based on Principal Component Analyvsis (PCA), which allows the
construction of independent models for each individual diagnostic class.

» The results were visualized using: 8180 versus Hi diagram, representing the class boundaries
at @ = 0.05 and the relationship between the distance to the model and the mean values:
discrimination plot, illustrating the contribution of individual variables to the differentiation of

diagnostic classes.

VII. Resulis
Results of prospective study 1:

Demographic indicators: The present study included 51 participants — 17 patients with
schizophrenia and 34 healthy controls, The gender distribution shows that in the healthy control
group, women predominate (67.6%), while men are 32.4%. In patients with schizophrenia, there

was also a higher proportion of women (58.8%) than men (41.2%). In the total sample, women
wiere 58.8% and men were 41.2%.

Independent t-test analysis showed statistically significant differences between groups in terms
of education and Montgomery-Asberg Depression Rating Scale (MADRS) scores (p < 0.001),
Healthy controls had an average of approximately 3.8 years more education than patients with
schizophrenia. No statistically significant differences were found in terms of age (p > 0.05).

A statistically significant difference was found between groups (t(49) = 2,02, p = 0.049), with
patients with schizophrenia showing a lower percentage of correct responses to the paradigm
compared to healthy controls.

The mean value of the PANSS scale for the schizophrenia group is 88.29 (£3.81), which
cormresponds to “moderately ill” on the CGI — § scale. The mean value of the SANS scale is
29.41 (£1.26) indicating a moderate level of severity of negative symptoms.

In patients with schizophrenia, residual activations with statistical significance at the cluster
level compared to healthy controls p < 0,05 with FWE correction were found in the following
regions: « lefi: occipital pole, calcarine and right: superior oceipital gyrus, precuneus, lingual

gyrus, calearine gyrus, occipital pole.



Al the intergroup level, statistically significant hypoactivation (at the cluster level with p < 0.05
FWE) was found in patients with schizophrenia compared to healthy controls in the following
regions: left: orbital gyrus (anterior, medial, lateral), medial, frontal cortex, pallidum, thalamus,

putamen, caudate. nucleus accumbens, anterior cingulate cortex.

In the presented study at the intergroup level, when contrasting negative > neutral distractors,
hyperactivation was found in the following brain structures: right: temporal gyrus (superior,
middle, transverse), operculum (central, parietal), insula (anterior and posterior), planum
temporale, supramarginal gyrus, angular gyrus, in paticnts with schizophrenia compared 1o
healthy controls.

Discussion of results of a prospective study |

The main results of the prospective study show that in a task examining short-term memory and
attention in the presence or absence of emotional distractors, activity is observed in brain
structures associated with both the processing of visual stimuli and higher cognitive functions
such as: memory, attention, decision-making, ete. in both studied groups.

The hypoactivation in the orbital gyrus identified by the author is a finding concordant with the
available literature data. Such an example is a task assessing the decision-making process with
a condition in which points can be eamed in the presence of a risk factor or an ambiguity factor.
In this case, reduced activity of the left lateral orbitofrontal cortex is observed in patients with
schizophrenia compared to healthy controls. This finding illustrates the existing deficits in
decision-making processes in this disease. Meta-analytic data show a reduced volume of the
medial orbitofrontal cortex in patients with pronounced negative symptoms. Given the key role
of this structure not only in processes such as decision-making, but also in processes of sensory
integration and reward processing, it can be assumed that the hypoactivation of this structure in
the sample can be interpreted as a sign of negative symptoms in schizophrenia, This is also
supported by data on the existing correlation between the reduced volume of the striatum and
orbitofrontal cortex on the one hand and anhedonia and apathy, which are the core of clinically
expressed negative symptoms, on the other hand.

An important result of the study is the reduced activation in the area of the nucleus accumbens,
a compenent of the basal ganglia. This key brain area is associated with the experience of

pleasure, experience and goal pursuit.



This activation is probably associated with structural or functional changes in the temporal lobe,
Other studies emphasize the importance of the temporal gyrus in patients with predominantly
negative symptoms. It can be summarized that in patients with chronic schizophrenia, with
predominantly expressed negative symptoms, there is an abnormality in the tempaoral structures.
These findings confirm the temporal lobe as an important structure in the study of the disease

schizophrenia,

Another result described is the increased activation in the insula, as well as the activation in the
supramarginal gyrus, which is pant of the parietal lobe (Brodmann's 40th field). The altered
activation in this area, in urn, can be associated with negative symptoms, such as social
withdrawal and lack of motivation. The hyperactivation found by the author in this part of the

brain in a large part of the studied patients can be associated with pronounced negative
.'E»j-'l!l]]:l-lﬂ'l't'lﬁ.

Results of a retrospective study [1

The study included 90 patients, divided into 3 groups — patients with simple neurocognitive
psychosis, major neurocognitive psychosis and healthy controls

Regarding demographic data, statistically significant differences were found only for education
(p = 0.001) and family history (p < 0.001). Regarding clinical characteristics, statistically
significant differences were observed for the following indicators: psychosis, hostility,
agitation, mannerisms, psychomotor retardation, formal thinking disorders. Significant
differences were also found for the total scores on the Brief Psychiatric Rating Scale (BPRS),
the Hamilton Depression Scale (HAM-D), the Hamilton Anxiety Scale (HAM-A), as well as
the total scores on the Positive and Negative Symptom Scales (PANSS) and Negative
Sympltoms Scales (SANS).

The resulis obtained show that patients with major neurocognitive psychosis (MNP) show the
lowest results in all cognitive tests, which supports the hypothesis that this phenotype is
characterized by more severe and generalized neurocognitive impairment.

Overall, the results of the studied immunoinflammatory markers show that the group of patients
with major neurccognitive psychosis (MNP) is characterized by the highest levels of
immuneinflammatory markers, which is associated with more severe neurocognitive deficit and

15 consistent with the model of immune-mediated neurotoxicity in schizophrenia.



Distinguishing schizophrenic patients from controls SIMCA analysis shows a distance of
146.1682 between the model of healthy controls and the model of patients with schizophrenia,
which indicates a clear and statistically significant distinction between the two classes,

The analysis included three inflammatory biomarker indices — the immune-inflammatory
system index (IRS), the M1 macrophage activation index and the Th17 axis index — as well as
cight neurocognitive test scores: BACS total score, Digit Sequencing Task, List Leaming Test,
Controlled Word Association, Category Instances, Tower of Londoen, Symbol Coding and Token
Motor Task

Based on neurocognitive assessment and the IL-6/1L-23/Th-17 axis, the presented study found
that major neurocognitive psychosis (MNP) and simple neurocognitive psychosis (SNP) are
qualitatively different classes. The author’s analysis revealed that the class models for simple
neurocognitive psychosis (SNP) and major neurocognitive psychosis (MNP) are distributed in
separate subspaces based on the assessment of neurocognitive and biomarker data. Using
SIMCA analysis, statistically significant differences were found between the models describing
patients with psychosis and those from the control group.

The results obtained are consistent with data from previous studies, according to which major
neurocognitive psychosis (MNP) and simple neurocognitive psychosis (SNP) are classified
differently in relation to the levels of neurotoxic tryptophan catabolites (TRYCATs) and

indicators of neurocognitive assessments

In the present study, the distance between the models of major neurocognitive psychosis (MNP)
and simple neurocognitive psychosis (SNP) is 16.13, which is a significantly higher value
within the same analytical approach, This confirms the greater importance of the Th17 axis
among the characteristics of the major neurocognitive psychosis class than the role of
tryptophan catabolites (TRYCATs). Immune-related neurotoxicity was increased in the major
neurocognitive psychosis class compared to simple nevrocognitive psychosis and controls, as
demonstrated by analysis of the IL-6/IL-23/Th17 axis. Therefore, the results indicate that major
neurocognitive psychosis (MNP} is characterized by immune-related neurotoxicity with a focus
on Th17 and active involvement of tryptophan catabolites (TRYCATs).

There was a statistically significant difference of 146.1682 between the schizophrenia and
control groups. Therefore, the [L-6/11.-23/Th-17 axis may have a greater impact on MNP than

previously reported.



VIII.  Dhscossion

The use of IMRI by the doctoral candidate Dr. Petar Popov makes a significant contribution to
the diagnosis of schizophrenia, this approach offers a potentially reliable assessment of
neurobiological markers, possible early diagnosis, personalized treatment and definition of
causal relationships between structural changes and clinical manifestations.

The future application of IMRI in psychiatry is associated with the identification of early
biomarkers for psychosis and the prediction of schizophrenia by analyzing disorders in cortico-
striatal-thalamo-cortical connections. The method successfully elucidates the neurobiological
mechanisms behind cognitive deficits affecting working memory, attention and executive
functions. In addition, fMRI has the potential to differentiate the individual subtypes of
schizophrenia, as well as to distinguish it from major depressive disorder and bipolar disorder.
Future studies should focus on structural and functional abnormalities in the connectome,
particularly in the central executive network, the default mode network (DMN), and the salience

network.

Compared with healthy controls, schizophrenia patients show deficits in the integration of
higher executive functions and sensory processing, duc to an imbalance between fromial
regulatory systems and occipitotemporal areas, Hyperactivation is observed in structures of the
salience metwork and temporoparietal association areas (insula, operculum, temporal and
panietal gyri), signaling an altered assessmem of the significance of external stimuli and
emotional information. The disease is also characterized by significant changes in immune-
nflammatory biomarkers along the I[L-6/1L-23/Th17 axis, supporting the role of
neurcimmunoloxicity in its etiopathogenesis. The integration of these nearoimaging,
neurocognitive, and immunological indicators through a nomothetic network approach
provides a more comprehensive characterization of schizophrenia compared to conventional
symptom-oriented systems. The present study demonstrates that Major Neurocognitive
Psychosis (MNF) is a biologically more severe phenotype with more pronounced cognitive
deficits and stronger immune activation compared to Simple Neurocognitive Psychosis (SNP),
The implementation of these multimodal biomarkers is key to the development of precise,
biologically based diagnostic algorithms.

The results of the retrospective study 11 are consistent with previous studies, according to which
major neurocognitive psychosis (MNP) and simple neurocognitive psychosis (SNP) are
classified differently in relation to the levels of neurotoxic tryptophan catabolites (TRYCATs)



and indicators of neurocogmitive assessments of schizophrenia. All these changes related to
tryptophan catabolites (TRYCATS) and in particular neuroprogressive effects may be a trigger
factor influencing neurodevelopmental processes and contributing to the development of
schizophrenia later in life. In most patienis with deficiency schizophrenia, there is a
significantly increased immunoglobulin A (IgA) response not only to tryptophan catabolites
{(TRYCATs), but also to metabolites such as picolinic, xanthurenic and quinolinic acid. The
quinolinic/kynurenic acid ratio was found to be significantly increased in patients with major
neurocogmitive psychosis (MNP) compared to simple neurocognitive psychosis (SN,

reflecting more pronounced neurotoxic activity and more severe neurocognitive impairment,

The study focuses on the role of neurotoxic chemokines and cytokines such as monocyte
chemoattractant protein 1 (CCL-2), eotaxin-1 (CCL-11), which influence the functional
organization of brain networks through various neuroimmune mechanisms that ultimately affect

neurocognition.

A number of researchers have also analyzed the relationship between the levels of the above-
mentioned chemokines and cytokines and newrocognitive scores assessed by the Brief
Assessment of Cogmition in Schizophrenia (BACE) scale, as well as the aforementioned
symptom domain including: psychosis, hostility, agitation, mannerisms, and negative
symptoms (PHEMN symptoms). The present study successfully differentiated the major
neurccognitive psychosis (MNP) group from the healthy control group based on these factors,
establishing a SIMCA difference of 19.3 between the models representing the healthy control
class and the MNP class, This again indicates a significamt difference between the models
constructed for these two groups.

Increased levels of interleukin-23 (IL-23) and interleukin-6 (IL-6) are associated with the
activation of the Th17 immune response. This in turn emphasizes the key role that these
mediators have in maintaining the Th17 mediated pathological phenotype. Differences in the
activity of these inflammatory pathways between MNP and SNP are associated with cognitive
deficits and the severity of the schizophrenia phenotype. Undoubtedly, many neurotoxic effects
are due to the influence of proinflammatory mediators such as tumor necrosis factor-a (TNF-
) and interleukin-6 (IL-6) which can significantly explain the phenomenology and cognitive
impairment in schizophrenia. Neurotoxicity is associated with the involvement of nuclear
processes such as neurogenesis, neuroplasticity, pre- and postsynaptic neuronal connectivity
and a number of others. In this context, immune-mediated mechanisms appear o be of essential

importance in the etiopathogenesis of schizophrenia and related cognitive disorders.



IX. Conclusions

1. Functional impairments in cognitive control: In patients with schizophrenia, hypoactivation
of the orbitofrontal, anterior cingulate and medial frontal cortex, as well as the fronto-striato-
thalamic circuits (including the thalamus, caudate nucleus, putamen, pallidum and nucleus
accumbens), is found, which impairs the regulation of attention.

2. Deficit in sensory integration: The impaired balance between the frontal regulatory systems
and the occipito-temporal areas refleets a systemic deficit in the integration between higher

executive functions and sensory processing processes.

3. Hyperactivation and altered perception: Increased activation is observed in structures of the
salient network and temporoparietal association areas (insula, operculum, temporal and parietal
gyri), which signals an altered assessment of the significance of external stimuli and emotional

information.

4. Neuroimmune mechanisms: Significant changes in immune-inflammatory biomarkers along
the [L-6/1L-23/Th17 axis support the role of neuroimmunotoxicity processes in the

etiopathogenesis of the disease, in line with modern neuroimmunological models,

5. Validation of the nomothetic approach: Multimodal analysis of neuroimaging, neurocognitive
and immunological indicators proves the advantage of the nomothetic network approach for a
more comprehensive characterization of schizophrenia compared to conventional symptom-
oriented svstems.

6. Ditferentiation of phenotypes: The present study classifies Major Neurocognitive Psychosis
(MNP) as a biologically more severe phenotype, characterized by more pronounced cognitive

deficits and stronger immune activation compared to Simple Neurocognitive Psychosis (SNP).

7. Clinical application: The integration of the studied biomarkers is key for the development of
precise diagnostic algorithms and for the future introduction of objective, biologically based
approaches in psychiatric practice.

X, More significant contributions

Scientific and theoretical contributions

I. Experimental model of cognitive control: Use is a research paradigm for assessing cognitive
functions under the influence of emotional distractors in negative type schizophrenia, which
has translational potential.



2. Pathogenesis of cognitive deficit: The relationship between cognitive-affective dysregulation
in the prefrontal-limbic circuits and cognitive deficit has been proven, defining it as pant of the
neurobiological basis of deficit schizophrenia.

3. Interdisciplinary concepiualization: Through a multidisciplinary approach, new data have
been acquired on the etiological factors and pathogenetic mechanisms supporting the
schizophrenic process.

Scientific and applied contributions

. Nomothetic diagnostic algorithm: A clinical algorithm for the diagnosis of negative
schizophremia has been developed, based on nomothetic networks, allowing for precise

integration of clinical, neuroimaging and laboratory data,

2, Neuroimaging biomarkers: Specific areas with residual activation (supramarginal, angular
and temporal gyri, parietal and central operculum, insula and planum temporale) have been
identified as potential fIMRI biomarkers for subsequent validation.

3. Immunobiological profiling: Potential peripheral immunological markers have been defined.
serving as the basis for future studics on the immune-mediated etiopathogenesis of the disease.

Xl Recommendations
1. The following directions should be considered for further study:

* To expand the scope of the IMRI study with schizophrenic patients with the possibility of
prospective longitudinal follow-up

* To consider forming a control group of patients with Bipolar Disorder

XI1l.  Conclusion

The dissertation "Megative sympioms in schizophrenia: clinical and biological markers for
diagnosis" contains scientific and applied results that have an original contribution to science
and meet all the requirements of the Act on the Development of Academic Staff in the Republic
of Bulgaria (ADSRB), the Regulations for the implementation of the ADSRB and the
Regulations of the Medical University - Plovdiv. The presented materials and dissertation
results comply with the specific requirements adopted in connection with the Regulations of
the Medical University - Plovdiv for the implementation of the ADSRB.



The dissertation shows that D, Petar Stefanov Popov possesses in-depth theoretical knowledge
and professional skills in the scientific specialty, demonstrating qualities and skills for

independent conduct of scientific research.

Due to the above, | give my positive assessment of the condueted research presented in the
dissertation and propose 1o the esteemed scientific jury 10 award the educational and scientific
degree "doctor” to Dr. Petar Stefanov Popov.
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