
SummarySummary There is evidence thattheThere is evidence thatthe

superior temporalgyrus and Heschl’ssuperior temporalgyrus and Heschl’s

gyruswithin it are implicated in schizo-gyruswithin it are implicated in schizo-

phrenia.Weinvestigatedneuronal andglialphrenia.We investigatedneuronal andglial

cell density and cortical thicknesswithincell density and cortical thicknesswithin

Heschl’sgyrus, using the optical disectorHeschl’sgyrus, using the optical disector

to estimate cell densitywithin corticalto estimate cell density within cortical

layers 3 and 5 intissue derivedpost-layers 3 and 5 in tissue derivedpost-

mortemfrompeoplewith diagnoses ofmortemfrompeoplewith diagnoses of

majordepressive disorder, schizophreniamajordepressive disorder, schizophrenia

and bipolardisorder, comparedwithandbipolardisorder, comparedwith

normalnormal controls (controls (nn¼15 pergroup).No15 pergroup).No

significantdifferenceinneuronalorglialcellsignificantdifferenceinneuronalorglialcell

densityor in cortical thicknesswasdensityor in cortical thicknesswas

observedobserved betweenthe groups; our find-betweenthe groups; our find-

ings therefore provide no support for theings therefore provideno support for the

presence of cellular pathologywithinpresence of cellular pathologywithin

Heschl’sgyrus in schizophrenia.Heschl’sgyrus in schizophrenia.
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Heschl’s gyrus is located on the dorsal sur-Heschl’s gyrus is located on the dorsal sur-

face of the superior temporal gyrus andface of the superior temporal gyrus and

forms part of the primary auditory cortex.forms part of the primary auditory cortex.

In schizophrenia the volume of the superiorIn schizophrenia the volume of the superior

temporal gyrus and its posterior section, thetemporal gyrus and its posterior section, the

planum temporale, are reduced (Bartaplanum temporale, are reduced (Barta et alet al,,

1997) and both regions show activation1997) and both regions show activation

during auditory hallucinations (Shergillduring auditory hallucinations (Shergill etet

alal, 2000). However, although Heschl’s, 2000). However, although Heschl’s

gyrus forms the anterior border of thegyrus forms the anterior border of the

planum temporale and is functionally con-planum temporale and is functionally con-

nected with it, few neuroimaging studiesnected with it, few neuroimaging studies

have focused on this gyrus and consistenthave focused on this gyrus and consistent

changes have not been observed (Sumichchanges have not been observed (Sumich

et alet al, 2002). There has been no quantitative, 2002). There has been no quantitative

neuropathological study of this region inneuropathological study of this region in

schizophrenia (Harrison, 1999). Therefore,schizophrenia (Harrison, 1999). Therefore,

we proposed to characterise neuronal andwe proposed to characterise neuronal and

glial cell density and cortical thicknessglial cell density and cortical thickness

within Heschl’s gyrus in people withwithin Heschl’s gyrus in people with

schizophrenia, major depressive disorderschizophrenia, major depressive disorder

and bipolar disorder. We focused on layersand bipolar disorder. We focused on layers

3 and 5 of this region because previous3 and 5 of this region because previous

investigations have indicated that the pyra-investigations have indicated that the pyra-

midal neurons of these layers (Pierrimidal neurons of these layers (Pierri et alet al,,

2001) might be particularly vulnerable in2001) might be particularly vulnerable in

schizophrenia.schizophrenia.

METHODMETHOD

Human brain specimens were obtainedHuman brain specimens were obtained

from the Stanley Foundation Brain Consor-from the Stanley Foundation Brain Consor-

tium. The specimens were derived from 60tium. The specimens were derived from 60

individuals: 15 were normal controls, 15individuals: 15 were normal controls, 15

had had a diagnosis of schizophrenia, 15had had a diagnosis of schizophrenia, 15

of bipolar disorder and 15 of major depres-of bipolar disorder and 15 of major depres-

sive disorder. Demographic, clinical andsive disorder. Demographic, clinical and

histological information relating to thishistological information relating to this

sample is given by Torreysample is given by Torrey et alet al (2000).(2000).

Tissue was available from one hemi-Tissue was available from one hemi-

sphere of each brain. Hemispheres weresphere of each brain. Hemispheres were

fixed in 10% phosphate buffered formalin,fixed in 10% phosphate buffered formalin,

and the temporal lobes and superior tem-and the temporal lobes and superior tem-

poral gyrus were dissected into a seriesporal gyrus were dissected into a series

of 1 cm-thick blocks. Each block wasof 1 cm-thick blocks. Each block was

embedded in paraffin wax and tissueembedded in paraffin wax and tissue

sections of 25sections of 25 mmm thickness were cut; onem thickness were cut; one

of these was randomly selected and stainedof these was randomly selected and stained

with cresyl violet. This series of tissuewith cresyl violet. This series of tissue

sections, spanning the rostrocaudal extentsections, spanning the rostrocaudal extent

of the superior temporal gyrus, wasof the superior temporal gyrus, was

examined and sections containing Heschl’sexamined and sections containing Heschl’s

gyrus (Brodmann area 41) were identified.gyrus (Brodmann area 41) were identified.

Where more than one gyrus was present,Where more than one gyrus was present,

only the most anterior was categorised asonly the most anterior was categorised as

the Heschl’s gyrus. Four tissue sections thatthe Heschl’s gyrus. Four tissue sections that

included Heschl’s gyrus were selected forincluded Heschl’s gyrus were selected for

examination from the specimens derivedexamination from the specimens derived

from each individual.from each individual.

Neurons and glial cells within corticalNeurons and glial cells within cortical

layers 3 and 5 were identified by standardlayers 3 and 5 were identified by standard

criteria and stereologically based quantita-criteria and stereologically based quantita-

tion was undertaken as described for ation was undertaken as described for a

previous study of this brain series (Cotterprevious study of this brain series (Cotter

et alet al, 2001). We used an optical disector, 2001). We used an optical disector

of depth 10of depth 10 mmm with guard depths abovem with guard depths above

and below of 3and below of 3 mmm. Cell density estimationsm. Cell density estimations

were made with the aid of image analysiswere made with the aid of image analysis

software (Kinetic Imaging version 5.0 forsoftware (Kinetic Imaging version 5.0 for

Windows, HistoWindows, Histometrix, Liverpool, UK)metrix, Liverpool, UK)

according to the stereological optical disec-according to the stereological optical disec-

tor method. The dimensions of the disectortor method. The dimensions of the disector

used were 50.5used were 50.5 mmmm6637.537.5 mmm in them in the xx andand yy

axes. We defined the cortical layers of inter-axes. We defined the cortical layers of inter-

est by tracing the layer borders atest by tracing the layer borders at 662020

magnification, and a systematic randommagnification, and a systematic random

sampling strategy was employed withinsampling strategy was employed within

these. An average of 75 fields were countedthese. An average of 75 fields were counted

per layer per case for neuronal and glialper layer per case for neuronal and glial

estimations, and an average of 169 neuronsestimations, and an average of 169 neurons

and 215 glia were counted in each layer ofand 215 glia were counted in each layer of

each case. Values for the coefficient of erroreach case. Values for the coefficient of error

of the density estimates were all lessof the density estimates were all less

than 5%. Neuronal and glial cell densitiesthan 5%. Neuronal and glial cell densities

are expressed as cellsare expressed as cells66101033 per mmper mm33. The. The

width of each cortical layer was assessedwidth of each cortical layer was assessed

using an image analysis system (Image-Prousing an image analysis system (Image-Pro

Plus 4.0 for Windows, Media Cybernetics,Plus 4.0 for Windows, Media Cybernetics,

Silver Spring, Maryland, USA) and methodsSilver Spring, Maryland, USA) and methods

described by Chanadescribed by Chana et alet al (2003).(2003).

Statistical analysisStatistical analysis

Neuronal and glial cell density in layers 3Neuronal and glial cell density in layers 3

and 5, and the thickness of each of the sixand 5, and the thickness of each of the six

cortical layers, were analysed using thecortical layers, were analysed using the

same statistical methods applied in our pre-same statistical methods applied in our pre-

vious study of this brain series (Cottervious study of this brain series (Cotter et alet al,,

2001). A forward selection procedure with2001). A forward selection procedure with

10% inclusion threshold was used to iden-10% inclusion threshold was used to iden-

tify demographic and histological variablestify demographic and histological variables

predicting outcome. Group comparisonspredicting outcome. Group comparisons

of cell densities and layer thickness wereof cell densities and layer thickness were

adjusted for potential confounders andadjusted for potential confounders and

empirical predictors. For cortical thicknessempirical predictors. For cortical thickness

the Bonferroni-adjusted significance levelthe Bonferroni-adjusted significance level

was 0.05/6was 0.05/6¼0.0083, and for cell density0.0083, and for cell density

the adjusted significance level wasthe adjusted significance level was

0.05/20.05/2¼0.025. For the analysis of cell den-0.025. For the analysis of cell den-

sity we used Poisson modelling to comparesity we used Poisson modelling to compare

densities between groups. The random-densities between groups. The random-

effects Poisson models were fitted usingeffects Poisson models were fitted using

the procedure GLMM in the statisticalthe procedure GLMM in the statistical

package Genstat 5 (for Windows; VSN In-package Genstat 5 (for Windows; VSN In-

ternational Ltd), which employs Schall’sternational Ltd), which employs Schall’s

method to fit a generalised linear mixedmethod to fit a generalised linear mixed

model. Accumulated analysis of deviancemodel. Accumulated analysis of deviance

using the experimental method was usedusing the experimental method was used

to test for differences between the patientto test for differences between the patient

groups and the control group. Standardgroups and the control group. Standard

multiple regression models were used tomultiple regression models were used to

assess group differences in layer thickness.assess group differences in layer thickness.

All layer thickness analyses were carriedAll layer thickness analyses were carried

out in the Statistical Package for theout in the Statistical Package for the

Social Sciences, version 11 for Windows.Social Sciences, version 11 for Windows.

Cortical thickness data are summarisedCortical thickness data are summarised

by their means, and densities by theirby their means, and densities by their

medians.medians.
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RESULTSRESULTS

All modelling of layer thickness and cellAll modelling of layer thickness and cell

density was adjusted for gender, post-density was adjusted for gender, post-

mortem interval and fixation time.mortem interval and fixation time.

Cortical layer thicknessCortical layer thickness
The forward selection procedure identifiedThe forward selection procedure identified

age as a predictor of total cortical layerage as a predictor of total cortical layer

thickness (thickness (FF(1,55)(1,55)¼4.3,4.3, PP¼0.044), with0.044), with

thickness estimated to decrease by 71.3thickness estimated to decrease by 71.3 mmmm

with every additional 10 years of age atwith every additional 10 years of age at

death. Hence, layer-wise group compari-death. Hence, layer-wise group compari-

sons were also adjusted for age. No groupsons were also adjusted for age. No group

difference in layer-wise cortical thicknessdifference in layer-wise cortical thickness

was observed, other than an increase inwas observed, other than an increase in

layer 4 in major depressive disorderlayer 4 in major depressive disorder

((PP¼0.047), but this effect could not be0.047), but this effect could not be

maintained after adjusting for multiplemaintained after adjusting for multiple

layer-wise comparisons (data presented aslayer-wise comparisons (data presented as

a data supplement to the online version ofa data supplement to the online version of

this paper and available from the authorsthis paper and available from the authors

on request).on request).

Cell densityCell density
Summaries of the neuronal and glial densi-Summaries of the neuronal and glial densi-

ties and the results of the statistical compar-ties and the results of the statistical compar-

isons are shown in Table 1. Tissue pH wasisons are shown in Table 1. Tissue pH was

found to be an empirical predictor offound to be an empirical predictor of

neuronal density (Wald testneuronal density (Wald test ww22(1)(1)¼12.1,12.1,

PP¼0.0005) and glial density (Wald test0.0005) and glial density (Wald test

ww22(1)(1)¼18.4,18.4, PP550.0001). Hence, the layer-0.0001). Hence, the layer-

wise group comparisons were also adjustedwise group comparisons were also adjusted

for tissue pH. There was no significantfor tissue pH. There was no significant

group difference in neuronal densities. Wegroup difference in neuronal densities. We

detected decreased glial density in majordetected decreased glial density in major

depressive disorder relative to controls indepressive disorder relative to controls in

layer 3 (layer 3 (PP¼0.038), but this finding did not0.038), but this finding did not

remain significant after adjusting for tworemain significant after adjusting for two

layer-wise comparisons.layer-wise comparisons.

DISCUSSIONDISCUSSION

Our main findings are that cortical thick-Our main findings are that cortical thick-

ness and neuronal and glial cell densitiesness and neuronal and glial cell densities

in cortical layers 3 and 5 of Heschl’s gyrusin cortical layers 3 and 5 of Heschl’s gyrus

are unaltered in schizophrenia and affec-are unaltered in schizophrenia and affec-

tive disorders. These are importanttive disorders. These are important

negative findings for schizophrenia, as thisnegative findings for schizophrenia, as this

region has been implicated in these dis-region has been implicated in these dis-

orders by neuroimaging investigations butorders by neuroimaging investigations but

has not yet been assessed using cyto-has not yet been assessed using cyto-

architectural morphometric methods. Wearchitectural morphometric methods. We

now demonstrate that there is no overtnow demonstrate that there is no overt

cellular abnormality within these corticalcellular abnormality within these cortical

layers in this region in schizophrenia.layers in this region in schizophrenia.

Previous morphometric studies ofPrevious morphometric studies of

bipolar disorder and major depressionbipolar disorder and major depression

within prefrontal cortical regions havewithin prefrontal cortical regions have

demonstrated deficits in glial cell densitiesdemonstrated deficits in glial cell densities

and counts (Rajkowskaand counts (Rajkowska et alet al, 1999;, 1999;

CotterCotter et alet al, 2001). Our negative cell, 2001). Our negative cell

counting data on Heschl’s gyrus in thesecounting data on Heschl’s gyrus in these

disorders suggest that glial cell deficit indisorders suggest that glial cell deficit in

affective disorders might be localised toaffective disorders might be localised to

prefrontal cortical association regions,prefrontal cortical association regions,

sparing primary sensory cortical regions.sparing primary sensory cortical regions.

Taken together, these findings indicate thatTaken together, these findings indicate that

the cellular neuropathology of majorthe cellular neuropathology of major

psychiatric disorders demonstrates regionalpsychiatric disorders demonstrates regional

vulnerability. A current challenge is tovulnerability. A current challenge is to

determine the basis of such regionaldetermine the basis of such regional

vulnerabilities.vulnerabilities.
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Table 1Table 1 Comparison of neuronal and glial cell densities between the control group and patient groups,Comparison of neuronal and glial cell densities between the control group and patient groups,

adjusted for gender, fixation time, post-mortem interval and tissue pHadjusted for gender, fixation time, post-mortem interval and tissue pH

PatientPatient CorticalCortical NeuronsNeurons Glial cellsGlial cells

groupgroup layerlayer
Density, 10Density, 1033/mm/mm33 TestTest11 Density, 10Density, 1033/mm/mm33 TestTest11

Median (range)Median (range) FF(1,51)(1,51) PP Median (range)Median (range) FF(1,51)(1,51) PP

ControlControl
33 118.6118.6 (111.4^132.9)(111.4^132.9) 147.6147.6 (141.8^160)(141.8^160)

55 106.3106.3 (100.4^118.4)(100.4^118.4) 158.4158.4 (141.8^172.5)(141.8^172.5)

SCZSCZ
33 118.8118.8 (108.6^130.3)(108.6^130.3) 0.010.01 0.940.94 147.9147.9 (125.5^157.5)(125.5^157.5) 1.831.83 0.180.18

55 104.2104.2 (96.5^119.9)(96.5^119.9) 0.230.23 0.630.63 145.8145.8 (141^155.4)(141^155.4) 1.961.96 0.170.17

BPDBPD
33 126.4126.4 (114^135.7)(114^135.7) 0.790.79 0.380.38 151.4 (123.1^173.3)151.4 (123.1^173.3) 0.860.86 0.360.36

55 109.3 (105.1^126)109.3 (105.1^126) 2.042.04 0.160.16 151.8 (138.6^181)151.8 (138.6^181) 0.020.02 0.90.9

MDDMDD
33 122122 (110.9^133)(110.9^133) 0.020.02 0.90.9 131.1131.1 (106.4^154.8)(106.4^154.8) 4.724.72 0.0340.034

55 110110 (99.2^120.8)(99.2^120.8) 0.90.9 0.350.35 135.9135.9 (126.6^151.5)(126.6^151.5) 3.693.69 0.060.06

BPD, bipolar disorder; MDD, major depressive disorder; SCZ, schizophrenia.BPD, bipolar disorder; MDD, major depressive disorder; SCZ, schizophrenia.
1. Approximate1. Approximate FF tests for comparison of cell densities between the control and patient groups from accumulatedtests for comparison of cell densities between the control and patient groups from accumulated
analysis of deviance.analysis of deviance.
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Data supplement 1Data supplement 1 Comparison of cortical layer thicknesses between the control group andpatient groups, adjusted for gender, fixation time, post-mortem intervalComparison of cortical layer thicknesses between the control group andpatient groups, adjusted for gender, fixation time, post-mortem interval

and ageand age

GroupGroup Cortical layerCortical layer Cortical thickness (Cortical thickness (mmm)m)

Mean (s.d.)Mean (s.d.)

tt(52)(52) PP

ControlControl 11 267.6 (35.1)267.6 (35.1)

22 254.4 (39.2)254.4 (39.2)

33 740.2 (66.3)740.2 (66.3)

44 353.5 (40.9)353.5 (40.9)

55 702 (82.9)702 (82.9)

66 487.5 (82.1)487.5 (82.1)

SchizophreniaSchizophrenia 11 246.4 (60.5)246.4 (60.5) 770.540.54 0.590.59

22 248.6 (53)248.6 (53) 770.130.13 0.90.9

33 721.7 (148.8)721.7 (148.8) 770.530.53 0.60.6

44 356.4 (70.9)356.4 (70.9) 0.180.18 0.860.86

55 724.6 (134.7)724.6 (134.7) 0.080.08 0.930.93

66 476.5 (93.1)476.5 (93.1) 770.860.86 0.40.4

Bipolar disorderBipolar disorder 11 246.4 (21.2)246.4 (21.2) 770.660.66 0.520.52

22 259.7 (30)259.7 (30) 0.450.45 0.660.66

33 746.9 (64.2)746.9 (64.2) 770.080.08 0.940.94

44 363.5 (52.7)363.5 (52.7) 0.340.34 0.730.73

55 708 (108.5)708 (108.5) 770.360.36 0.720.72

66 508 (78)508 (78) 770.080.08 0.940.94

Major depressive disorderMajor depressive disorder 11 254.4 (25.9)254.4 (25.9) 770.810.81 0.420.42

22 264.4 (23.5)264.4 (23.5) 0.660.66 0.510.51

33 753.7 (76.7)753.7 (76.7) 0.250.25 0.80.8

44 394.7 (43.3)394.7 (43.3) 2.042.04 0.0470.047

55 786.5 (118.5)786.5 (118.5) 1.781.78 0.080.08

66 527.9 (101.3)527.9 (101.3) 0.910.91 0.370.37

DATA SUPPLEMENT TODATA SUPPLEMENT TO BRITISH JOURNALOF PSYCHIATRYBRITISHJOURNALOF PSYCHIATRY (2004),(2004),185185, 258^259, 258^259
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