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Abstract 

 

Schizophrenia (Sz) is a widespread disorder of unknown aetiology but we have 

previously shown that muscarinic M4 receptor (CHRM4) expression is decreased in 

the hippocampus and caudate-putamen in subjects with the disorder, implicating the 

receptor in its pathophysiology. Our findings led us to determine whether variation in 

the CHRM4 gene sequence was associated with an altered risk of Sz by sequencing 

the CHRM4 gene in DNA from the brains of 76 people with schizophrenia and 74 

people with no history of psychiatric disorders.  In addition, because the CHRM4 is a 

potential target for antipsychotic drug development, we investigated whether 

variations in CHRM4 sequence were associated with differences final recorded doses 

of, and life-time exposure to, antipsychotic drugs. Gene sequencing identified 2 single 

nucleotide polymorphisms (SNP) in the CHRM4 gene and, for rs2067482, our data 

suggested that both at the level of genotype (give the genotype p=0.048) and alleltype 

(give the allele p=0.027) was associate with an ? increased / decreased risk of Sz.  

WHAT ABOUT BENZOS?  There was a trend towards an association between 

CHRM4 sequence and lifetime exposure to antipsychotic drugs, suggesting the 

polymorphism may have some relationship to the level of medication necessary to 

achieve a clinical response.  
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INTRODUCTION 

 

Schizophrenia (Sz) is a complex psychiatric disorder, the symptoms of which are 

categorized into three groups: positive (delusion, hallucinations), negative (emotional 

withdrawal, affective blunting, reduced speech) and cognitive symptoms (working 

memory dysfunction) {American Psychiatric Association, 2000 1591 /id}. Although 

numerous studies have attempted to elucidate the cause of this disorder, the aetiology 

and pathophysiology of Sz are still ambiguous, making it difficult to design optimal 

treatments. Current data strongly suggests that genetic influences play a significant 

role in the genesis of Sz {Carter, 2002 3223 /id}. Twin and adoption studies suggest 

that the single most powerful predictor of Sz are genetic factors, which are thought to 

account for up to 70% of the variance of liability for the disorder  {Gottesman, 1982 

3224 /id}.  The genetic liability is further demonstrated by the fact that people who 

have a single parent with a Sz spectrum disorder are 13 times more likely to develop 

Sz than the general population {Prescott, 1993 3225 /id}. This likelihood increases to 

46 times in people with 2 parents with the disorder {Gottesman, 1982 3224 /id} and 

monozygotic twins are almost 3 times more likely to be concordant for Sz than 

dizygotic twins {Gottesman, 1982 3224 /id}.  However, it should be noted that 

approximately 90% of adults with Sz do not have a parent with the disorder {Carter, 

2002 3223 /id}, reinforcing the concept that that genetic risk alone is not sufficient to 

account for the likelihood of developing Sz.  Studies such as these have lead to the 

concept that people who develop Sz have a genetic liability for the disorder but 

progression to a frank illness is dependent on an impact of as yet unknown 

environmental factors {Tsuang, 2000 1942 /id}.  Thus, in order to better understand 
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the epidemiology of the disorder a great effort has been put to identifings the genes 

that contribute to the genetic liability for Sz.   

 

Current antipsychotic agents are effective in a proportion of patients  but are not 

beneficial to many people with the disorder and cause unwanted side-effects {Tandon, 

2008 2250 /id}.  Hence, considerable efforts are being expended in developing new 

drugs to treat Sz and it is therefore significant that the muscarinic M4 receptors 

(CHRM4) is now viewed as a potential target for drugs that can provide antipsychotic 

effects by a different mechanism of action to currently prescribed drugs {Bymaster, 

2002 1238 /id}.  This theory has recently been boasted by a proof of principle drug 

trial that showed that xanomeline, a CHRM1/M4 preferring agonist {Shannon, 2000 

1909 /id}, reduced levels of psychotic symptoms in a group of treatment resistant 

people with Sz (ref).  Importantly, a number of pre-clinica studies {Salamone, 2001 

2529 /id}{Gomeza, 1999 1851 /id} {Tzavara, 2003 1644 /id} {Tzavara, 2004 1625 

/id}{Jeon, 2010 2933 /id} strongly support the hypothesis that the antipsychotic 

actions of xanomeline comes fro its ability to target the CHRM4.  Given these data, 

the discovery that muscarinic receptors have more than one potential drug binding site 

{Clark, 1976 2539 /id} has reinvigorated the development of drugs to these 

muscarinic receptors.   Importantly, the CHRM4 has an allosteric binding sites that 

has not been preserved across evolution {Langmead, 2008 2264 /id} and this sire 

gives the potential to generate compounds that specifically activate CHRM4.  

CHRM4 allosteric activators are now available and have been shown to be efficacious 

in a number of models used to predict antipsychotic activity, such as conditioned 

avoidance response {Leach, 2010 2930 /id}, prepulse inhibition {Chan, 2008 2309 

/id} and amphetamine-induced hyperlocomotion {Brady, 2008 2384 /id}.  Which is 
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adding more credibility to the notion that CHRM4 may be a viable drug target for the 

treatment of Sz and that it also may be involved in the pathophysiology of the 

disorder. 

 

The notion that CHRM4 is involved in the pathophysiology of Sz is supported by our 

data showing that levels of CHRM4s are decreased in the caudate-putamen {Dean, 

2000 1610 /id} and hippocampus {Scarr, 2007 2047 /id} from people with Sz. These 

data are the basis for our current study that is designed to determine if changes in the 

CHRM4 gene sequence may be associated with an altered risk of Sz.  In addition, 

given the potential of CHRM4s as a novel target for antipsychotic drug development, 

and its role in modulating dopaminergic activity (ref), we have challenged the 

hypothesis that changes in CHRM4 gene sequence may also affect responsiveness to 

antipsychotic drugsSz. We also interigated the data to determine if changes in 

CHRM4 gene sequence affected the likelihood of a person with Sz receiving 

anticholinergic drugs to control extra-pyramidal side effects.  Finally, we have 

reported that subjects who received benzodiazapines tended to have low levels of 

[3H]pirenzepine binding to muscarinic receptors {McLeod paper] and therefore we 

also determined if CHRM4 gene sequence could effect the frequency of such drugs 

being prescribed to people with Sz. 

 

MATERIALS and METHODS 

 

Tissue collection and donor information: 
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Approval for this study was obtained from both the Ethics Committee of the Victorian 

Institute of Forensic Medicine and the Mental Health Research and Ethics Committee 

of Melbourne Health. 

 

Cadavers were refrigerated within 5h of being found. CNS tissue was rapidly frozen 

to -70 ºC within 30 min of removal at autopsy. In cases where death was witnessed, 

the time between death and autopsy was taken as the post-mortem interval (PMI). If 

the death was not witnessed, PMI was taken as the interval midway between the 

donor last being seen alive and being found dead. The pH of the CNS tissue was 

measured as described previously {Kingsbury, 1995 15 /id}. Case history reviews 

were completed using the Diagnostic Instrument for Brain Studies, with a diagnostic 

consensus using DSM-IV {American Psychiatric Association, 2000 1591 /id} criteria 

being achieved. Following the case history review, duration of illness (DOI) was 

calculated as the time from first hospital admission to death. Age at onset was 

calculated by subtracting duration of illness from age at first hospital admission. A 

comprehensive medication history was obtained for each subject and the most recent 

prescribed dosages of antipsychotic drugs were converted to chlorpromazine 

equivalents {Atkins, 1997 2596 /id}{Woods, 2003 1836 /id}. An estimate of life time 

exposure to antipsychotic mediation was obtained by multiplying the chlorpromazine 

equivalent by the number of years of treatment and dividing these by a constant, in 

this case, 1000 (See Table One).  

 

DNA Extraction and Sequencing 
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The DNA used for this study was originally extracted for studies determining 

polymorphisms in the CHRM1 {Scarr, 2009 2206 /id}.  In brief, approximately 

200mg of cerebellar tissue were excised from 78 subjects who had Sz. Tissue was 

also collected from the same regions from 74 subjects with no history of psychiatric 

illness (controls) and DNA extracted using an established technique {Strauss, 1999 

1907 /id}. 

 

Primers were synthesized by GeneWorks (Thebarton, SA, Australia) to cover whole 

sequence of CHRM4 in two amplicons, designed against GenBank accession number 

NM_ 000741.2: primer set A (primers: M4-A-F 5´- ccagagaatgtccctctgtca and M4-A-

R 5´- ctgagctggactcattggaag) and primer set B (M4-B-F 5´- tcctcaagagcccactaatga and 

M4-B-R 5´- tccagatgtccattcttccag). 100 ng of DNA was amplified in 50 uL volume 

with 25 pmol of each primer, 10 nmol of dNTP, 1.5 U of Platinum Taq DNA 

Polymerase (Life Technologies, Mulgrave, VIC, Australia), 1.5 mM MgCl2 and 5 μ L 

of 10X buffer. The PCR program was as follows: 5 min at 94 ˚C, followed by 30 

cycles of 30 s at 94 ˚C, 30 s at 60 ˚C and 30 s at 72 ˚C, with a 7 min at 72 ˚C final 

extension. Products were validated by agarose electrophoresis, and cleaned up with 2 

μL of Exo SAP-IT (Millennium Science Pty Ltd, Surrey Hills, VIC, Australia) as per 

manufacturer’s instructions. The Exo-Sap treated product was sequenced with 1.0 μL 

of BigDye® Terminator v3.1 Ready Reaction Mix (Life Technologies, Mulgrave, 

VIC, Australia) as per manufacturer’s instructions, with forward and reverse primers. 

Unincorporated dye and primer from this sequencing reaction was cleaned up using 

Qiagen DyeEx2.0 Spin Kit/DyeEx96 Kit, dehydrated, re-suspended in 20 uL 

formamide, denatured for 5 min. at 95˚C and sequenced on a 3130xl genetic analyser 

with POP7 polymer (Life Technologies, Mulgrave, VIC, Australia). 
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Statistical analyses 

 

Categorical data were analysed using 2test and Fisher’s extract test as appropriate. 

Differences of continuous variables between two cohorts were evaluated using 

Students’ t-test or where the data did not meet the criteria for normal distribution, the 

Mann-Whitney U test. Differences of continuous variables between genotypes were 

evaluated using an ANOVA or where the data either did not meet the criteria for 

normal distribution, the Kruskal-Wallis test, or were mixed the General Linear Model 

(GLM).  The criterion for significance was set at p<0.05 for all of the tests. With the 

exception of the GLMs which were performed using Minitab 15 (Minitab, ), all 

analyses were carried out using GraphPad Prism version 5.0 for Windows (GraphPad 

Software Inc., San Diego, CA, USA). Data are presented as mean ± S.E.M. 

 

RESULTS 

 

CHRM4 sequencing 

 

CHRM4 sequencing failed to give conclusive results in two two subjects with Sz and 

hence this study was completed using DNA from 76 people with Sz and 74 controls. 

Eight SNPs have been predicted in CHRM4 (rs35646260, rs7107481, rs16938505, 

rs16938502, rs2229163, rs2067482, rs11823766, rs72910092) but only two fo these 

polymorphisms at rs2067482 (NC_000011.9:g.46406767G>A c.1341C>T) and 

rs72910092 (NC_000011.9:g.46406493C>T c.???? C>T) in our cohorts. For 

rs2067482, the frequencies of the C/C homozygote, C/T heterozygote and T/T 
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homozygote were 72 %, 25 % and 3 % (high – unusual for homozygotes to be more 

frequent than hets – suggest T is not good), respectively. For rs72910092, the 

frequencies of the C/C homozygote and C/T heterozygote were 97 % and 3 %, 

respectively.  

 

Disease frequency 

The genotype and allele distributions of the CHRM4 polymorphisms in the 

schizophrenic patients and control subjects are shown in table 2. The distribution of 

the rs72910092 genotypes were not in Hardy-Weinberg equilibrium (25% : 50%: 25% 

= equilibrium)(Rodriguez, Gaunt et al. 2009). Neither genotype ( = 0.0002, d.f = 1, 

p=0.99) or alleltype ( =0.0002, d.f = 1, p=0.99) at rs72910092 altered association 

with Sz.   The low incidence of genetic variation at this SNP in our cohorts meant that 

it was not possible to investigate the association of this polymorphism with any of the 

potential confounding factors related to the collection or demographics of the cohort. 

 

By contrast, the distribution of the rs2067482 genotypes were in Hardy-Weinberg 

equilibrium (are they?). There was a significant difference in both genotype ( = 6.07, 

d.f = 2, p=0.048; see Figure 1a) and alleltype ( = 3.47, d.f = 1, p=0.021; see Figure 

1b) with diagnoses due to (we need to find this out ? CHAD). 

 

Demographic data 

 

Despite no a priori matching, analyses of age, PMI, brain pH, brain weight and ratio 

of males to females revealed no significant differences between the control group and 

people with Sz (p = 0.64, 0.88, 0.12, 0.75 and 0.45 respectively; see Table 1). Having 
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found no differences between the diagnostic groups, variation in these measures with 

genotype were then assessed in the full cohort. There were no significant differences 

in age (K = 0.798, p= 0.67), PMI (F = 0.588, df = 2, p= 0.56), brain pH (F = 1.41, df 

=2,147, p= 0.25), brain weight (F = 2.69, df = 2, p= 0.072) or gender (2 = 2.25, df = 

2, p = 0.33) associated with genotype. Within the Sz cohort, only two people with Sz 

had the T/T genotype, thus, due to the small sample size they were not included in the 

genotype comparisons.  There were no differences genotype (2= 0.17, d.f. = 2 p = 

0.92) or allelic (Fisher’s exact test, p= 0.30) frequencies with suicide, duration of 

illness (Mann-Whitney U = 299.5, p= 0.22, medians; C/C = 15.0, C/T = 10.0) or age 

at onset (Mann-Whitney U =365.5, p= 0.80, medians; C/C = 23.0, C/T = 24.0).  

 

Antipsychotic Drug Exposure:  [OK – I am confused between what is genotype 

analyses and what is allelic analyses – I think this needs to be made plainer] 

 

The low frequency of T/T at rs2067482 precluded  genotype analyses at the level of 

drug exposure (chlorpromazine equivalents; 300 and 1750 mg per day respectively).  

The D'Agostino & Pearson omnibus normality test showed that the final recorded 

drug does were highly skewed and did not pass the test for normality in either 

genotype (C/C; K2 = 28.2, p<0.0001, C/T; K2 = 14.9, p<0.001).  A subsequent 

analysis of chlorpromazine equivalents between genotype revealed no significant 

differences between groups (Mann Whitney U = 214, p = 0.115, medians; C/C = 

500.0, C/T = 200.0; see Figure 2a). However, the analysis of the lifetime exposure to 

antipsychotic drugs found a trend tpward differences between the groups (Mann 

Whitney U = 198, p = 0.08, medians; C/C = 6.4, C/T = 2.4; see Figure 2b).  A 

subsequent power analyses ?.  There was no association of anticholinergic 
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prescription with allele (Fisher’s exact test, p=1.0). However, there was a difference 

in frequency of prescription of benzodiazepines (Fisher’s exact test, p=0.03); people 

with who carried the C allele were prescribed benzodiazepines more often than those 

who carried the T allele (see Figure 2c). 

 

 

Discussion 

 

In this study we examined the association of CHRM4 polymorphisms with Sz 

susceptibility and antipsychotic treatment. In our cohort, we found altered sequences 

at 2 of the reported SNPs in the CHRM4 sequence; rs2067482 

(NC_000011.9:g.46406767G>A c.1341C>T) and rs72910092 

(NC_000011.9:g.46406493C>T c.???? C>T).  The frequencies of the genotypes at 

rs72910092 were not different between subjects with Sz or control subjects. By 

contrast we found that there was a significant difference in genotype distribution for 

rs2067482 between schizophrenic patients and normal controls, suggesting the 

CHRM4 c.1341C>T polymorphism could contribute towards susceptibility for 

developing Sz. Interestingly, the difference in frequency was due to a lower incidence 

of the heterozygote in subjects with Sz, suggesting that variations in the sequence 

have a weaker association with the disorder.  Since this is a small sample size, any 

associations have to be taken as preliminary until confirmed in a larger study.   A 

recent genome wide association study reported that whilst none of their markers 

achieved significance, a significant proportion of their most altered SNPs were 

located within the region of chromosome 11 that includes the CHRM4 gene.  

Although none of the genes they reported as being altered in a follow-up cohort 
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mapped to CHRM4 {Rietschel, 2011 3232 /id}, the region was reported as being in 

linkage disequilibrium leaving open the possibility that variations in CHRM4 do 

contribute to disease susceptibility. 

 

There were no associations between genotype or allele and any of the factors related 

to the collection or demographics of the cohort used for this study.  Although we 

didn't find any significant difference between genotypes for final recorded 

antipsychotic doses, when the lifetime exposure to antipsychotic drugs is considered, 

it can be seen that overall the subjects with the 1341C/T genotype had a lower 

exposure to antipsychotic drugs than those with the 1341C/C genotype (medians; C/C 

= 6.4, T/T = 2.4). This difference failed to achieve significance because of the 

exposure to antipsychotic drugs for 1 individual with the 1341C/T genotype (full data 

set; Mann Whitney U = 198, p = 0.083, medians; C/C = 6.4, C/T = 2.4; without this 

individual; Mann Whitney U = 146.5, p = 0.023, medians; C/C = 6.4, C/T = 2.25).  

This difference is not due simply to the types of drugs the groups received, the 

number who were prescribed second generation antipsychotics was low; only 5 

subjects overall, 4 of whom had the 1341C/C genotype and 1 who was 1341C/T.  

Whilst the potential for the 1341C/T variation to be associated with lower levels of 

antipsychotic drug exposure is of interest, confirmation in a much larger dataset is 

required. However, the fact that CHRM4 agonists are being developed as potential 

therapeutic agents for Sz {Leach, 2010 2930 /id;Chan, 2008 2309 /id;Brady, 2008 

2384 /id}, raises the possibility that variation at this locus may prove useful in 

predicting response to such therapeutics.  Although variations in CHRM4 did not 

show any associations with the 21 response phenotypes identified in CATIE {Need, 

2009 2875 /id}, it should be noted that after “correcting for poor quality SNPs” there 
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were no tags for CHRM4 according to the HapMap CEU (Utah residents with 

Northern and Western European ancestry from the CEPH (Centre d'Etude du 

Polymorphisme Humain ) collection) cohort, thus only the response phenotypes from 

study participants with CHRM4 SNPs similar to those of the Yoruba in Ibadan, 

Nigeria were taken into account in the study (supplemental methods{Need, 2009 2875 

/id}).  Finally, benzodiazepines were prescribed more frequently to people with Sz 

who carried the 1341C allele than to those who carried the 1341T allele.  Clinically, 

benzodiazepines are prescribed to people with Sz for a variety of reasons, to control 

acute behavioural disturbances, to compensate for a poor response to antipsychotic 

medication or because they are thought to allow a lower dose of antipsychotic 

medication to be prescribed {Paton, 2000 3233 /id}.  The latter reason does not hold 

true in our cohort, where the patients who were prescribed benzodiazepine’s at a 

higher rate (1341C allele), also tended to have a greater lifetime exposure to 

antipsychotic drugs.  Thus, these data suggest that the patients who do not carry the T 

allele may have a worse clinical presentation than those who do, resulting in greater 

pharmacological attempts being made to control their disorder.  Further, larger studies 

are required to determine whether polymorphisms at c.1341C>T may have an effect 

on either response to antipsychotic treatment or be associated with disease severity as 

well as having a modest contribution to Sz susceptibility.  The c.1341C>T variant is a 

synonymous mutation and thus doesn’t affect the amino acid sequence, therefore the 

association with Sz may be due to the influence the polymorphism has on the 

structure of DNA, affecting the availability of the gene for transcription or the 

stability of the RNA affecting translation to protein.  
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Future studies, designed to identify associations of the c.1341C>T polymorphism 

with susceptibility to Sz, the clinical phenotype of people with Sz who have this 

variant and their response to antipsychotic treatment are warranted to fully understand 

the role of the CHRM4 in the pathophysiology and treatment of the Sz syndrome. 

 

 

Figure legends: 

 

1. A) frequency of c.1341C>T polymorphism in people with schizophrenia and 

control subjects.  B) Frequencies of the C and T alleles in people with 

schizophrenia and control subjects. 

 

2.  A) Final recorded doses of antipsychotic drugs prescribed to people with 

schizophrenia, separated by genotype. B) Life time exposure to antipsychotic 

medication for people with schizophrenia, separated by allele at c.1341C>T. C) 

Frequency of benzodiazepine prescription to people with schizophrenia, separated by 

allele at c.1341C>T.
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Table1 

A summary of the demographic data (mean ± s.e.m.) for the brain collection used in sequencing of CHRM4.  The data is presented both by 

diagnosis and genotype at rs2067482.  Data is not presented for  rs72910092 because of its low frequency in this cohort. 

 Control Schiz p Control genotypes (rs2067482) Schizophrenia genotypes (rs2067482) 

C/C C/T T/T p C/C C/T T/T p 

Age  

(years) 

45.6±2.0 

(n=74) 

44.7±1.9 

(n=78) 

0.728 44.6±2.

4 

(n=46) 

47.8±3.

4 

(n=25) 

42.3±12

.8  

(n=3) 

0.65 46.03±2

.2 

(n=63) 

40.15±4

.2 

(n=13) 

34.0±11

.0 

(n=2) 

0.39 

PMI  

(h) 

40.88±1.6 

(n=74) 

40.9±1.5 

(n=77) 

0.977 40.5±2.

2 

(n=46) 

42.1±2.

5 

(n=25) 

36.2±6.

1 

(n=3) 

0.61 40.06±1

.6 

(n=62) 

42.81±3

.6 

(n=13) 

55.25±1

2.8 

(n=2) 

0.29 

Brain weight  

(g) 

1415±17.4 

(n=65) 

1414±18.9 

(n=67) 

0.953 1380±2

0.3 

(n=40) 

1464±3

1.8 

(n=22) 

1532±2

9.1 

(n=3) 

<0.01 1407±2

2.0 

(n=54) 

1436±4

1.7 

(n=11) 

1473±1

32.5 

(n=2) 

0.84 

Brain pH 6.3±0.02 

(n=74) 

6.2±0.03 

(n=78) 

0.091 6.3±0.0

3 

(n=46) 

6.3±0.0

4 

(n=25) 

6.3±0.1

4 

(n=3) 

0.32 6.3±0.0

3 

(n=63) 

6.2±0.0

6 

(n=13) 

6.4±0.0

4 

(n=2) 

0.10 
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Sex  

(M/F) 

58/16 

(n=74) 

56/22 

(n=78) 

 32/14 

(n=46) 

23/2 

(n=25) 

3/0 

(n=3) 

 46/16 

(n=63) 

8/6 

(n=13) 

2/0 

(n=2) 

0.33 

Suicide / Non-

suicide 

0/74 38/40  NA NA NA  29/34 

(n=63) 

7/6 

(n=13) 

2/0 

(n=2) 

 

0.30 

Duration of 

Illness (years) 

NA 18.22±1.6 

(n=75) 

 NA NA NA  19.4±1.

9 

(n=60) 

14.4±3.

0 

(n=13) 

9.0±3.0 

(n=2) 

0.32 

Age at onset NA 26.1±1.1 

(n=77) 

     26.3±1.

2 

(n=62) 

25.4±2.

2 

(n=13) 

25.0±8 

(n=2) 

0.94 

            

Final recorded 

dose of 

antipsychotic in 

chlorpromazine 

equivalents*   

 

 618±67 

(n=68) 

     656±74 

(n=56) 

312±76 

(n=10) 

1025±7

25 

(n=2) 

0.10 

Atypical 

/typical 

antipsychotics 

 5/68      4/56 1/10 0/2 1.0 

Anticholinergic/

non-

anticholinergic 

 29/49 

(n=78) 

     23/35 

(n=58) 

5/8 

(n=13) 

1/1 

(n=2) 

1.0 

Benzodiazepine

s/non-

benzodiazepines 

 26/52      24/34 

(n=58) 

2/11 

(n=13) 

0/2 

(n=2) 

0.03 

* Final dose of antipsychotic drugs was not recorded for 8 subjects 
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Table 2. Genotype and allele frequency for rs2067482 and rs72910092 in controls and people with schizophrenia. 

Rs2067482 

Genotype    Allele  

C/C C/T T/T HWP Total p C T p 

Control 46 25 3 0.03 74  117 31  

Schizophrenia 61 13 2 1.57 76 0.048 135 17 0.027 

Rs72910092 C/C C/T T/T HWP Total p C T p 

Control 71 2 0  73  144 2  

Schizophrenia 72 2 0  74 0.99 146 2 0.99 
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