Grant et al. - Gene expression in schizotypy


Materials and Methods

Sample


The initial sample consisted of 86 healthy male individuals of Caucasian ethnicity, most of whom were psychology, medical or sports sciences students at Justus-Liebig-University Giessen, Germany (JLU), or JLU-fellows. All participants were fully debriefed and gave written consent forms regarding their participation in this study (records on file). The project was approved by the ethics committee of the psychological faculty at JLU.


Due to methodological problems (i. e., unacceptable expression levels of more than two of five housekeeping genes) only 67 samples could be used. Of these, 9 participants failed to hand in complete O-LIFE data so that, even after follow-up, only 58 cases could be used for correlation analyses between UnEx and gene expression. This sample size, however, can still be considered substantially larger than in most studies examining gene expression in the schizophrenia-spectrum, wherein sample sizes are often smaller than n=20 [13]. 

Participants were screened via self-report for acute and chronic medical and psychological conditions before final invitations were given, wherefore the whole sample consisted of currently healthy individuals. Additionally, alcohol and drug use (including smoking status) was assessed as well as current use of prescription-pharmaceuticals. Due to potential circadian changes in expression levels of some of the target genes, data acquisition was performed during 14:00 and 17:00. 


Participants were asked to fill in the German O-LIFE either beforehand using an online platform or directly in paper-pencil form. Participants were rewarded for their participation with € 10.-.

Oxford-Liverpool Inventory of Feelings and Experiences (O-LIFE)

The Unusual Experiences-scale (UnEx) of the German O-LIFE was used to assess psychosis-proneness, since it is currently the most commonly used measure of the fully-dimensional schizotypy model. The O-LIFE consists of four scales, named Unusual Experiences (UnEx, capturing positive schizotypy), Cognitive Disorganisation (CogDis, capturing cognitive aspects of schizotypy), Introvertive Anhedonia (IntAn, capturing negative schizotypy) and Impulsive Nonconformity (ImpNon, capturing antisocial and impulsive traits associated with the schizophrenia-spectrum). Norms for the English version can be read in [16] and preliminary norms for the German version in [8].


The entire inventory has 104 items given in a dichotomous (i. e., "yes" and "no") format and also includes short scales, which were, however, not significantly correlated differently to the expression levels than the full scales, wherefore they shall not be presented within the scope of this study.
Blood sampling


Heart rate and blood pressure were assessed prior to taking of a small sample (3.7 ml) of peripheral venous blood from the median cubital vein. Blood was collected in heparinised collection tubes (Sarstedt, Germany) and immediately placed in ice-water to reduces the enzymatic activity of endogenous RNases. Within less than 5 minutes after venipuncture, blood was taken to the lab and stabilised in RNAprotect animal blood tubes (Qiagen, Germany), according to the protocol from the manufacturer. It should be noted, that the manufacturer explicitly allows for the use of the RNA protect animal blood system also for human samples, which was chosen, since the human equivalent has certification for clinical diagnostics and is therefore (in case of this study) unnecessarily more costly.


The method used in this study, including using peripheral whole blood as a surrogate as well as the fast blood-stabilisation and ensuing RNA quality control (q.v., next paragraph), therefore eliminates many of the limitations usually found in analyses of gene expression regarding the schizophrenia-spectrum from post mortem brains [13]. Peripheral blood has been found to be an acceptable alternative to brain tissue regarding gene expression [5], with researchers reporting an average correlation for approx. 33,700 genes of r=0.5 between blood and brain [23]. Many of the genes examined in our study and related to schizophrenia were found to be expressed at similarly high (i.e., COMT, DRD2, DRD5, SLC18A2) or low levels (i.e., DRD1, DRD3, DRD4, TH) in both tissues. For specific genes (among them DRD3 and DRD4) correlations between levels of expression in blood and brain were reported as high as r=0.98 [19]. Studies report the usefulness of changes in blood gene expression as a mirrors of altered biological processes and pathologies of the brain [18; 24], whereby a review [13] specifically suggest that - also in schizophrenia - gene expression changes in the blood reflect an altered state of the brain. It can be therefore concluded that, especially for most of the genes chosen for this study, levels of expression are highly indicative of respective gene activity in the brain.

RNA-extraction and quality control


After stabilisation of the peripheral blood, tubes were gently inverted 10 times,  then incubated at room temperature (RT) for 24 hours and afterwards stored at -20°C until further use. RNA extraction was performed according to the protocol from the manufacturer, using the RNA protect animal blood system (Qiagen, Germany). The system uses silica-membrane columns which bind nucleic acid at high ionic-concentrations and allow eluation with buffers of low ionic-concentrations and, additionally, incorporates digestion-steps with proteinase K and DNAse (for the elimination of proteins and gDNA, respectively, so that only cDNA of the respective RNAs is amplified during the downstream PCR). Prior to all steps, surfaces, gloves and instruments were treated with the chaotropic compound RNase Zap (Sigma-Aldrich, Germany) in order to eliminate RNases. Storage vessels for buffers and RNase-free water were treated with a RNase-free water solution containing 4% formaldehyde, which fixes and thereby eliminates RNases.


Due to the low concentration of RNAs in peripheral blood, elution-buffer volume was uses in the lowest amount alowed by the manufacturer (14 l), whereafter the eluate was reapplied to the column and the elution-process was repeated once. Extracted RNA was quantified and checked for protein-contamination using a nano-photometer PEARL (Implen, Germany). The latter was assessed through the ratio of absorption between 260 and 280 nanometer wavelengths (A260/280). All samples had A260/280-values within the range of 1.8-2.0, which is considered optimal for RNA.


Initially and later (after the method was considered established in the lab) irregularly, RNA-integrity was checked using a denaturing formaldehyde/3-(N-morpholino)propanesulfonic acid (FA/MOPS)-gel under RNase-free conditions [q.v., 6]. All RNAs were considered of optimal integrity. Additionally, the control-wells given in the RT2-profiler systems (see below) are also sensitive to RNA-degradation, wherefore RNA-integrity can be viewed upon as doubly controlled for.

First-strand synthesis (FSS) and quantitative real-time reverse transcription polymerase chain reaction (qRT-PCR)


FSS and qRT-PCR were performed using the RT2-profiler system (SABioscience/Qiagen, Germany), using a 96-well custom RT2-profiler array in an Eppendorf Mastercycler realpex epgradient S (Eppendorf, Germany). Initially and according to the manual of the manufacturer, RNA-volumes diluted before FSS, so that a standard amount of 500 ng of RNA was used per array-plate. After the first trials, however, this RNA-amount was shown to be insufficient, wherefore for the most part, the maximum volume of RNA (above a critical concentration estimated by us as 83 ng/l) was used for FSS. This explains the high number of negative calls regarding the housekeeping genes and the final sample-size of only 67 of an initial 86.


RNA-expression was operationalised through individual templates' Ct-values (cycle of crossing-threshold), which are inversely related to mRNA-amount (i. e., the higher the amount of mRNA-template in a given sample, the lower the respective Ct-value). Ct-values are defined as the cycle in which the fluorescence signal of the amplicon exceeds the background-fluorescence. The background-fluorescence was ascertained beforehand using an RT2-profiler calibration kit and was therefore immediately reckoned by the cycler-software. Additionally, the RT2-profiler array contains a number of control wells for PCR-function, FSS-function and gDNA-contamination. All control-values were considered to be good, and inter-assay variability due to, i.a., pipetting errors was minimal.


Ct-values for the template-genes were imported into the Statistical Package for the Social Sciences (SPSS, version 15.0), which was used for statistical analyses. Template-Ct-values were normalised using the sample samples Ct-values for endogenous reference (housekeeping) genes. Due to recommendations [25; 22], 5 housekeeping genes were chosen (i. e., DECR1, FARP1, TRAP1, FPGS and RPL13A). Before normalisation, however, these housekeeping genes were closely examined regarding their correlation with RNA-concentration, their average Ct-values, their inter-correlations and their standard deviations. We are currently examining the optimal use of these housekeeping genes further (article in preparation), but chose (according to the criteria mentioned above) to use the geometric mean of the Ct-values of only the genes DECR1, TRAP1 and RPL13A for normalisation. For this, Ct-values of individual templates were divided by the geometric mean of the aforementioned 3 housekeeping genes. 

