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Abstract

The diagnosis and treatment of schizophrenic patients are inadequate and patients suffer

from a reduced life expectancy. The diagnostic methods of today are imprecise and

the mental disorder itself results in e.g. secondary cardiovascular diseases that are only

reinforced by the obligatory psychotropic medicine prescribed. In order to improve the

diagnosis, Thioredoxin-1 (Trx1) levels were measured in schizophrenic and bipolar patients

as well as a healthy control group consisting of individuals without any major mental

disorder. The Trx1 levels proved to be elevated in schizophrenic patients but because

of divergent overlaps between the control group and the patient group in the test, Trx1

will probably not funtion as a sole biomarker. Therefore, further studies on an additional

biomarker will be required. This needs to be done in order to reduce the risks of secondary

diseases and side effects from medication, hence prolonging the life expectancy of the

patients.
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Abbreviations

Trx1 Thioredoxin-1

ROS Reactive Oxygen Species

ELISA Enzyme-linked Immunosorbent Assay

OD Optical Density

Streptavidin-HRP Streptavidin Horseradish Peroxidase

PBST Phosphate Buffered Saline containing Tween 20

PBS Phosphate Buffered Saline

BSA Bovine Serum Albumin

RT Room Temperature

TMB 3,3’,5,5’-Tetramethylbenzidine
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1 Introduction

Individuals with major mental disorders live, on average, 20 to 30 years shorter than

the general population. In schizophrenic and bipolar patients this is primarily due to

cardiovascular diseases. The risk factors associated with cardiovascular diseases may

also be induced or exacerbated in patients with schizophrenia or bipolar disorder due

to psychotropic drugs. Patients with schizophrenia have a 40 % increased risk of death

from various other medical causes compared to the general population, some related to

antipsychotic treatment being hypertension, hyperglycaemia, diabetes and weight gain

[1]. Schizophrenia and bipolar disorder are also associated with increased oxidative and

inflammatory stress [2]. In order to prolong the life expectancy of these patients it is vital

to diagnose and treat the disorders early on in order to diminish the secondary diseases of

the disorders and the side effects of medications obligatory for the treatment of these.

Patients suffering from schizophrenia or bipolar disorder have an enlarged pervasiveness

for the development of key risk factors for cardiovascular diseases, e.g. obesity, smoking,

dyslipidemia, hypertension, type 2 diabetes mellitus etc. [1]. These secondary diseases,

however, are not sufficient and particularly not evident early enough to serve as biomarkers

in order to determine a diagnosis.

Schizophrenia is diagnosed by neuropsychological assessment, which is a performance-

based method to review the state of mental health in the patient [3]. The current diagnostic

methods have proven to be imprecise and due to the fact that previously mentioned mental

disorders are not detected early, the secondary diseases cannot consciously be prevented

by medical treatment and a healthy lifestyle. The diagnostic methods are also rather

uncertain and too dependent on factors such as whether the patient in question is answering

truthfully or not. Therefore, the importance of improved diagnostic methods cannot be

overrated. Sampling plasma from schizophrenic patients is an emotionally and physically

laborious process, posing an urgent reason for why improved and more sophisticated

diagnostic methods are required.
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A biomarker is a naturally occuring characteristic, gene or molecule that a specific

pathological or physiological process, such as a disease or a disorder, can be recognized by.

There are many areas of application regarding biomarkers, some examples are: diagnosis,

prognosis and the selection of targeted therapies. In order to locate biomarkers, the intensity

values, such as protein concentrations, are obtained. These values can be compared between

a group of patients with schizophrenia and a healthy control group in order to determine

the diagnostic ability of a specific biomarker [4].

Secretion of Thioredoxin-1 (Trx1) is inter alia a biological response to oxidative stress

and serves as an antioxidant protein molecule. Imbalance between toxic reactive oxygen

species (ROS) and antioxidant systems result in a condition of oxidative stress. It involves a

shift in balance from the normal reduced cellular environment to a state of disproportionate

reactive oxygen species generation, causing oxidative stress [5]. The different levels of

ROS may result in various cellular responses. Low levels mainly result in promoted cell

proliferation, intermediate levels result in permanent or temporary cellular growth arrest

while severe oxidative stress and ROS result in programmed cell death, i.e. apoptosis [6].

Trx1 is essential for the regulation of many cellular processes, for example: apoptosis,

cell growth, regulation of the redox state and plasma membrane receptor signalling [5].

Oxidative stress is believed to be increased in patients suffering from schizophrenia as a

part of the pathophysiology of the disease [7]. The increased oxidative stress in bipolar

and schizophrenic patients results in elevated levels of Trx1 [2]. The concentration of Trx1

varies from person to person and recent studies show that patients experiencing the first

episode of psychosis had Trx1 levels of 1.5± 1.0 ng/ml in the blood plasma. Long-term

schizophrenic patients had a Trx1 concentration of 1.5± 0.7 ng/ml. A control population

had lower levels of Trx1, reaching only 0.8± 0.6 ng/ml. This indicates that the Trx1 levels

are elevated due to oxidative stress as a result of mental disorder and psychosis. The

study cautioned that the Trx1 level varies in individuals regardless of mental health and

that this might cause the Trx1 levels of the control group and patient group to overlap.

This means that Trx1 cannot be used as a biomarker in a clinical setting. However, the
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aforementioned study notes that only the reduced Trx1 was able to be distinguished and

the oxidized Trx1 in the plasma was disregarded. Another study has to be made where

both kinds or Trx1 are assessed [8]. However, other diseases such as cancer and diabetes

are associated with elevated levels of Trx1 as well, which means that the levels of Trx1

has to be significantly elevated in order for Trx1 to operate solely as a biomarker [6].

In this study the total levels of Trx1 were measured in samples from both healthy

individuals and schizophrenic or bipolar patients, the latter being a blind test. Hereafter,

the data was compared in order to establish whether Trx1, both reduced and oxidized,

can be used as a biomarker for major mental diseases such as schizophrenia and bipolar

disorder [8].

2 Method

The ELISA (Enzyme-linked Immunosorbent Assay) technique involves analysing samples

by identifying the optical density of a specific sample. Initially, known concentrations

are mixed and analysed in order to achieve a standard curve that shows the correlation

between the optical density (OD) and the concentration of the substances. Hereafter, the

equation of the linear regression of the standard curve can be applied to the attained OD

values from samples and the concentrations of the samples can be calculated. An R-value

of the equation was also calculated. The ELISA technique is based on the change of colour

in a liquid due to the reaction between antibodies, antigens and Streptavidin-HRP as

shown in Figure 1. All products used in this study are from MabTech AB.

A high protein binding Maxisorp ELISA plate was coated with the antibody Clone

17. Clone 17 was diluted to 2 µg/ml in natrium carbonate buffer (pH 7.4), by adding

100 µl/well before the addition to the wells. The ELISA plate was incubated overnight

at 4− 8◦C. Hereafter, the ELISA plate was washed twice with PBST (400 µl/well) and

blocked by the addition of 200 µl/well of PBS with 0.05 % Tween 20 containing 0.1 %

BSA (incubation buffer). The ELISA plate was incubated at room temperature (RT) for
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Figure 1: Reaction between Antibody, Antigen and Streptavidin-HRP [9].

one hour. Afterwards, the ELISA plate was washed five times with PBST. Standards

with the concentrations of 10 000 pg/ml, 7 500 pg/ml, 5 000 pg/ml, 2 500 pg/ml, 1 000

pg/ml, 100 pg/ml, 10 pg/ml and 0 pg/ml were mixed from Assay Buffer and antigenic

recombinant human Trx1. The blood plasma samples from patients and the blood plasma

control samples were added to Assay Buffer at the same time in order to participate in the

same ELISA screening. The ELISA plate was incubated for two hours at RT. Hereafter,

the ELISA plate was washed five times with 400 µl/well of PBS containing 0.05 % of

Tween 20. Then the secondary antibody, Clone 13-biotin, was diluted with Assay Buffer

and added for detection at a final concentration of 0.0125 µg/ml. The ELISA plate was

washed as previously mentioned. An amount of 100 µl Streptavidin-HRP was added per

well and the ELISA plate was incubated for one hour at RT. Hereafter, the ELISA plate

was washed five times as previously mentioned and 100 µl/well of TMB substrate solution

was added. This resulted in a colour change due to the binding structure as displayed

in Figure 1. Twenty minutes post addition of TMB substrate solution, 100 µl/well of

H2SO4 (1 M) was added to stop the reaction. A final ELISA ”screening” was made at a

wavelength of 450 nm.
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3 Results

The Trx1 levels of the patients were calculated from the standard curve and equation seen

in Appendix A. These concentrations varied from 1075− 8883 pg/ml with a mean value

of approximately 5507 pg/ml. For patient specific data, see Table 1.

Table 1: Patient Trx1-levels

Patient C [pg/ml] Mean OD [nm]
48 1075 0.3783
49 8884 1.9401
50 4944 1.1521
51 6984 1.5601
52 5649 1.2931

The Trx1 levels of the controls were calculated from the standard curve and equation

seen in Appendix A. These concentrations varied from 705− 2976.5 pg/ml and the mean

value was approximately 2215 pg/ml. Control specific data is visible in Table 2.

Table 2: Control Trx-levels

Control C [pg/ml] Mean OD [nm]
36 705.00 0.3043
37 2531.5 0.6696
38 Not Detectable 0.1526
39 2649.0 0.6931
40 2976.5 0.7586

4 Discussion

The secretion of Trx1 was elevated in all of the recieved patient samples except for one.

The Trx1-levels of Patient 48 was found to be in the lower interval of the healthy control

samples. The low level of Trx1 could depend on the type of mental disorder. Since the

patient samples were a blinded test, ergo the disorder of the patient was unknown, it
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could be a patient suffering from bipolar disorder and not schizophrenia. Bipolar disorder

is expected to generate lower values of Trx1 than schizophrenia. The value of Patient 48

may have generated a lower mean value of the patient group than otherwise expected.

The levels of Trx1 were mainly elevated to a level of approximately 5000− 9000 pg/ml

with the exception of aforementioned. The control samples were lower, the highest Trx1

concentration reaching a level of 3000 pg/ml. This indicates that oxidized and reduced

Trx1 could participate in the diagnosis of schizophrenia as a biomarker.

The uncertainty of the achieved data is dependent on the linear regression, hence the

equation of the standard curve seen in Appendix A. The R-value was, however, close to

one which implies that the achieved data can be relied on. The R-value is displayed in

Appendix A.

The importance of a correct diagnosis is too indispensable to merely rely on Trx1 as

a biomarker, partly because of the discrepant value of Patient 48 and because various

other diseases affect and increase the expression of Trx1. Further, large scale experiments

would need to be performed in order to officially approve of Trx1 as a biomarker even

though measurements of both reduced and oxidized Trx1 resulted in higher levels of

Trx1 compared to previous studies mentioned in Introduction [8]. Other biomarkers are

needed to cooperate with Trx1 in order to establish a definite diagnosis. These biomarkers

should preferably be microbiological since traits of secondary diseases of schizophrenia

and bipolar disorder such as obesity, cannot function preventively and hence, not prolong

the life expectancy of the patient. Future research can be done where the state of health

in the control samples is furtherly discussed, which would give a more correct interval

between disordered and healthy Trx1 levels. In this study, the individuals donating the

blood plasma for the control samples may suffer from other diseases that elevate the

Trx1 concentration. This must be taken into consideration in future studies because some

control samples may have attained higher Trx1 concentrations than otherwise realistic.

This would, however, lead to a complicated diagnostical process where a number of diseases,

both physical and mental, would have to be examined. In case of a schizophrenic patient,
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this would be a laborious diagnostical process to complete due to the main characteristics

of the disorder. Future research needs to be targeted on simplifying and enhancing the

certainty of the diagnostical process and diagnosis.

Trx1 will in all likelihood serve as a biomarker for schizophrenia because of the elevated

values of this protein but it would not suffice alone. Early detection of schizophrenia

by the use of microbiological biomarkers, inter alia Trx1, will result in treatment and

prevention of the secondary diseases and side effects of psychotropic obligatory drugs and

major mental disorders, hence prolonging the life expectancy of the schizophrenic patient.
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A Standard Curve Determination

The values used for determination of the standard curve and linear regression are visible

in Figure 2. The equation and R-value are derived from the linear regression, these are

displayed below.

Figure 2: Standard Curve of Trx1 Values.

y = 0.0002x+ 0.1633

R = 0.94056
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