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ABSTRACT The relative abundance of alternatively
spliced long (g2L) and short (g2S) mRNAs of the g2 subunit
of the g-amino butyrate type A (GABAA) receptor was exam-
ined in dorsolateral prefrontal cortex of schizophrenics and
matched controls by using in situ hybridization histochemistry
and semiquantitative reverse transcription–PCR (RT-PCR)
amplification. A cRNA probe identifying both mRNAs showed
that the transcripts are normally expressed at moderately
high levels in the prefrontal cortex. Consistent with previous
studies, overall levels of g2 transcripts in prefrontal cortex of
brains from schizophrenics were reduced by 28.0%, although
this reduction did not reach statistical significance. RT-PCR,
performed under nonsaturating conditions on total RNA from
the same blocks of tissue used for in situ hybridization
histochemistry, revealed a marked reduction in the relative
proportion of g2S transcripts in schizophrenic brains com-
pared with controls. In schizophrenics, g2S transcripts had
fallen to 51.7% (67.9% SE; P < 0.0001) relative to control
levels. Levels of g2L transcripts showed only a small and
nonsignificant reduction of 16.9% (612.0% SE, P > 0.05).
These findings indicate differential transcriptional regulation
of two functionally distinct isoforms of one of the major
GABAA receptor subunits in the prefrontal cortex of schizo-
phrenics. The specific reduction in relative abundance of g2S
mRNAs and the associated relative increase in g2L mRNAs
should result in functionally less active GABAA receptors and
have severe consequences for cortical integrative function.

Deficits of cognitive function in schizophrenia (1) reflect
functional abnormality in interconnected prefrontal, tempo-
ral, and cingulate cortices (2). In the dorsolateral prefrontal
cortex, functional hypoactivity (3) in schizophrenia is associ-
ated with defects in a number of neurotransmitter systems
(4–11), including the inhibitory g-amino butyrate (GABA)er-
gic system. Glutamic acid decarboxylase (GAD) mRNA levels
are reduced in the prefrontal cortex of schizophrenics without
loss of neurons (9). Release and uptake of GABA at synaptic
terminals are reduced (12–14), and agonist binding to GABA
type A (GABAA) receptors is altered. Muscimol shows in-
creased binding in cingulate and prefrontal cortex of schizo-
phrenics (15, 16), whereas other agonists, particularly benzo-
diazepines, a class of drugs commonly used in the treatment of
schizophrenia, show decreased binding (17).

Benzodiazepine binding to GABAA receptors is modulated
by the g2 receptor subunit (18). g2 subunits, along with a1 and
b2 subunits, are the principal contributors to most native
GABAA receptors (19–23), including in the primate cerebral
cortex (24). a-Subunits are necessary for selectivity of the

receptor for benzodiazepines (25), whereas the g2 subunit is
essential for high-affinity benzodiazepine binding (18, 25–31).
g2 subunits exist in two isoforms, products of alternative
mRNA splicing: short (g2S) and long (g2L), the latter having
an 8-aa insert (32, 33). Both isoforms may be important for
benzodiazepine enhancement (30); g2L encodes an additional
phosphorylation site for protein kinase C (PKC; refs. 32 and
34) which, once phosphorylated, can alter channel function by
negatively modulating GABA-activated currents (35). Varying
levels of g2S and g2L occur in cerebral cortex (36–39).

Modest but statistically nonsignificant reductions of g2
transcripts were found in prefrontal cortex of schizophrenics
(40). This study did not, however, distinguish between the two
alternatively spliced g2 subunit mRNAs. In the present study,
semiquantitative reverse transcription–PCR (RT-PCR) shows
changes in relative levels of g2S and g2L mRNAs from
prefrontal cortex of schizophrenics and matched controls.

MATERIALS AND METHODS

Material came from five pairs of adult brains. One brain from
each pair was from a patient diagnosed with schizophrenia as
defined by the American Psychiatric Association Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-
IV) criteria; the other was from a control matched for age,
gender, and autolysis time (the time between death and
freezing of the brain; Table 1). All schizophrenics had a similar
duration of illness and had been treated with conventional
neuroleptics for a similar period of time. Subjects with a
history of drug abuse or neurological illness or brains with
evident Alzheimer pathology were excluded. Blocks, approx-
imately 2 cm2 in size, were cut from the middle third of the
superior frontal gyrus in frozen coronal slabs of each brain
(41). Blocks were divided into two halves, one designated for
histology and one for RNA extraction.

For in situ hybridization, each block was raised to 4°C over
20 min, fixed in cold 4% paraformaldehyde in 0.1 M phosphate
buffer for '24 hr at 4°C and infiltrated with 30% sucrose,
refrozen in dry ice, and sectioned serially at 40 mm on a
freezing microtome. Free-floating sections were treated as
described (40) and hybridized with 1 3 106 cpmyml of
[a-33P]UTP-labeled antisense (or sense) riboprobes tran-
scribed from a linearized g2 cDNA template (see below).
Matched pairs were processed simultaneously. cRNA probe
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concentration and specific activity were approximately the
same in each case.

After hybridization, the sections were exposed to b-max
autoradiographic film (Amersham) for 10 days. After film
development, slides were dipped in Kodak NTB2 photographic
emulsion, exposed at 4°C for 6 weeks, developed in Kodak D19
developer, fixed with Kodak rapid fixer, and counterstained
with cresyl violet acetate.

To quantify mRNA levels, optical density measurements
were taken in repeated, nonoverlapping scans of defined width
across the layers of the dorsolateral prefrontal cortex from pial
surface into white matter 200 mm deep to layer VI of the
cortex. Measurements, made on at least three sections from
each brain, were converted to units of radioactivity per unit
weight by reference to 14C standards (Amersham) exposed on
the same sheet of film. All measurements were performed
blind, and statistical significance was determined by unpaired
Student’s t tests (STATVIEW 4.1, SAS Institute, Cary, NC) for
the matched pairs, and by Kruskal–Wallis nonparametric
ANOVA tests (INSTAT 2.03; GraphPad, San Diego) for aver-
aged results comparing schizophrenics and controls.

Subcloning and characterization of the monkey-specific
cDNA template used for cRNA probe generation has been
described (24). Synthetic oligonucleotide primers targeted to
the cytoplasmic loop of the g2 subunit were designed to flank
a 477-bp region of the heterogeneous amino-terminal domain
corresponding to bases 590–1,067 of the cDNA sequence of
the g2 subunit of the human GABAA receptor (25). Total
RNA was isolated and reverse transcribed from monkey
cerebral cortex, amplified by PCR, gel-fractionated, and sub-
cloned into the pBS transcription vector (Stratagene). 33P-
labeled antisense cRNA probes were generated by in vitro
transcription of PvuII linearized templates using T3 RNA
polymerase (Stratagene) and ethanol-precipitated. Sense
probes for controls were generated by using T7 RNA poly-
merase.

The second of the two frozen blocks from each brain was
homogenized, and the total RNA was extracted by using the
Molecular Research Center (Cincinnati) Tri Reagent single-
step method (42). Aliquots of 50 ng of total RNA were
converted to cDNA by using pd(N)6 random primers and
transcribed with 100 units of Moloney murine leukemia virus
reverse transcriptase (Pharmacia LKB) for first-strand cDNA
synthesis. The forward primer for both g2S and g2L was 20 bp
in length (59-GCTCTGGTGGAGTATGGCAC-39), and the
reverse primer was 19 bp in length (59-GGCACAGTCCTT-
GCCGTCC-39); both oligonucleotide sequences were identi-
cal to the published human cDNA sequence (25) and spanned
the 24-bp, alternatively spliced insert of g2L (ref. 32; Fig. 1A).
Primers for the endogenous mRNA, glyceraldehyde 3-phos-
phate dehydrogenase (G3PDH; CLONTECH), used as a
standard for quantification were derived from exon 3 for the
forward primer (59-TATTGGGCGCCTGGTCACCA-39) and
were complementary to exon 4 for the reverse primer (59-

AGATGGTGATGGGATTTCCA-39) yielding a 135-bp prod-
uct. cDNAs, reverse transcribed from each schizophrenic and
control pair, were subjected to 30 cycles of PCR amplification
using 20 pmol of specific oligonucleotide primer pairs, 13
reaction buffers (GIBCOyBRL), 15 mM MgCl2, 200 mM
mixed nucleotides (dNTPs), and 2.5 units of Taq DNA poly-
merase (GIBCOyBRL) in a Gene Amp 480 thermal cycler
(Perkin–ElmeryCetus). The forward primers for both the g2
subunit and G3PDH cDNAs were labeled by inclusion of 20
units of T4 polynucleotide kinase (GIBCOyBRL) with '5 3
105 cpm of 32P-labeled forward primer. From all samples of
prefrontal cortex RNA, both g2S and g2L transcripts were
identified and characterized based on size and restriction
mapping of products on 8% polyacrylamide gels after every 30
cycles of PCR amplification (Fig. 1 B and C). The resultant
cDNAs were 201 and 225 bp in length, corresponded to g2S
and g2L, respectively, and when digested with 10 units of
HaeIII, the endogenous site created by the insertion at the 39
end of g2L was cut specifically (Fig. 1 B and C). In addition,
individual products of g2S and g2L were isolated on an 8%
agarose gel, electroeluted (Spectra-pore, Los Angeles),
blunted with T4 DNA polymerase, and subcloned into the
SmaI restriction site of Stratagene pBSII SK(1) with T4 DNA
ligase and the SmaI restriction enzyme (Stratagene). After
transformation into 71y18 competent cells (Stratagene) mini-
preps were gel-purified and sequenced by the dideoxy chain-
termination method (43) by using the SEQUENASE 2.0 version
sequencing system (United States Biochemicals).

Relative mRNA abundance was determined from the rela-
tive amounts of radioactivity in each gel band by phosphorim-
ager analysis using IMAGE-QUANT Version 3.0 (Molecular
Dynamics) after exposure to autoradiographic film (Duponty
NEN) for 1 hr at room temperature.

Table 1. Characteristics of matched schizophrenic and control
brain pairs

Pair Brain nos. Diagnosis
Age,
years Sex

Autolysis
time, hr

1 2043 Schizophrenic 55 M 21.15
1901 Control 51 M 21.5

2 2045 Schizophrenic 23 M 11
2168 Control 21 M 15

3 2232 Schizophrenic 61 F 15
1756 Control 57 F 16.45

4 2086 Schizophrenic 75 F 27.25
2065 Control 85 F 21.5

5 2326 Schizophrenic 40 M 13.5
2338 Control 41 M 18

FIG. 1. Scheme illustrating primers used to amplify and to verify
the identity of g2S and g2L mRNAs. (A) The amplified region of g2S
and g2L occurred between the third and fourth transmembrane
regions (TM III and TM IV), with the kinase-added 59 forward primer
indicated by p. (B) Ethidium bromide-stained polyacrylamide gel of
amplified g2S and g2L cDNAs from a control brain at the predicted
molecular weights of 201 and 225 bp (arrows in lane 1). Lane 2, same
products digested with HaeIII, isolating the g2L cDNA product. Lane
3, HaeIII-digested pBS to show molecular-weight markers. (C) Film
autoradiogram of same gel showing the uncut, forward-primed 201-
and 225-bp radiolabeled products in lane 1 (arrows) and forward-
primed 201-bp fragment of g2S (upper band) and the HaeIII-digested
108-bp fragment of g2L in lane 2.
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RESULTS

Laminar Patterns of g2 Transcripts. cRNA probes specific
for g2 subunit mRNA showed labeling of all six layers of the
prefrontal cortex of controls and schizophrenics (Figs. 2 B and
D) as described (40). Hybridization levels peaked in layer II,
deep layer III, and layer IV. Labeling was weaker in layer VI
and weakest in layers I and V (Fig. 2D). Sense controls
revealed only nonspecific background labeling.

Hybridization levels of g2 transcripts were always lower in
the prefrontal cortex of brains from schizophrenics (Fig. 2E).
In prefrontal cortex of control brains, mean levels of mRNA
for the g2 subunit were 217.9 nCiygm (1 Ci 5 37 GBq) in layer
I, 628.7 nCiygm in layer II, 663.5 nCiygm in layer III, 668.3

nCiygm in layer IV, 469.9 nCiygm in layer V, and 439.9 nCiygm
in layer VI. In prefrontal cortex of schizophrenic brains, mean
levels were 171.9 nCiygm in layer I, 409.2 nCiygm in layer II,
444.3 nCiygm in layer III, 466.7 nCiygm in layer IV, 322.9
nCiygm in layer V, and 309.0 nCiygm in layer VI. In the
schizophrenic cohort, there was a 21% decrease in layer I (P 5
0.510), a 34% decrease in layer II (P 5 0.046), a 33% decrease
in layer III (P 5 0.040), a 29% decrease in layer IV (P 5 0.089),
a 31% decrease in layer V (P 5 0.080), and a 29% decrease in
layer VI (P 5 0.112). As indicated in parentheses, these
differences reached a level of significance for layers II and III
but did not reach significance for layers I, IV, V, or VI.

Relative Abundance of g2S and g2L mRNAs. To quantify
g2S and g2L transcript abundance, RT-PCR was performed

FIG. 2. (A–D) Photomicrographs from Nissl-stained sections (A and C) and from film autoradiograms (B and D) of adjacent sections through
the dorsolateral prefrontal cortex of a control brain (A and B) and from a schizophrenic brain (C and D), hybridized with a radiolabeled g2-specific
cRNA probe. These show the pattern of distribution of g2 mRNA transcripts across all six cortical layers. Sections from both schizophrenics and
matched pairs were processed in the same hybridization medium and exposed for 10 days on the same sheet of film. (Bar 5 0.3 mm.) (E and F)
Histograms comparing levels of radiolabeled g2 transcripts across cortical layers of the matched pair illustrated in A–D (E) and averages of transcript
levels from the five pairs of brains examined (F). Data are shown as the mean of individual scans. Reductions in schizophrenics (open bars) in
comparison with matched controls (shaded bars) do not reach statistical significance, except marginally in layers II and III.
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under nonsaturating amplification conditions (Fig. 3). The
linear range of amplification was determined in a 30-cycle
RT-PCR amplification of reverse transcribed, randomly
primed cDNAs, with increasing amounts (0–400 ng) of starting
total RNA obtained from one schizophrenic brain (Fig. 3A).
The linear range was estimated to lie between 25 and 100 ng
of starting RNA (Fig. 3B), and all subsequent reactions were
carried out by using 50 ng of starting RNA.

32P-end labeled primers targeted to the cytoplasmic loop of
the g2 subunit amplified both short and long (g2S and g2L)
subunit mRNAs from both control and schizophrenic prefron-
tal cortex (Fig. 4A). Controls showed similar levels of amplified
g2S and g2L mRNAs (Fig. 4A, odd-numbered lanes). g2S and
g2L mRNA levels, as a percentage of total g2 mRNA, were
estimated by phosphorimager analysis (Fig. 5 A and B). In
controls, g2S and g2L mRNAs were of approximately equal
abundance. g2L comprised 53.7% of the total mRNA content
and g2S 46.3% 6 1.28% (SE; all values reported are 6SE; P ,
0.001).

By contrast, RT-PCR-amplified g2S and g2L mRNAs from
schizophrenic prefrontal cortex showed a significant reduction
in g2S transcripts in all five brain samples (Fig. 4A, even-
numbered lanes). On average, g2S mRNAs from all schizo-
phrenic brain samples constituted only 33.15% 6 3.19% (P ,
0.0001) of total g2 mRNA (Fig. 5B).

Abundance of g2S and g2L mRNAs. Measurements of g2S
and g2L mRNAs obtained from phosphorimager analysis
were normalized to levels of G3PDH mRNA obtained from
PCR amplification of G3PDH in the same reverse transcrip-
tion reaction (Fig. 4). Transcription levels of G3PDH mRNA
do not change in response to altered activity or to other
inducing agents. All values for g2S and g2L mRNA amplified
from schizophrenic prefrontal cortex were normalized to
percentage levels of amplified G3PDH mRNAs obtained
from the schizophrenic versus the control brain samples.
These semiquantitative estimates (Fig. 5 C and D), the re-

sults of five separate RT-PCR amplification experiments, are
shown as histograms of the percent difference of g2S and
g2L levels in prefrontal cortex of each schizophrenic com-
pared with levels obtained from the matched control, which
was set at 100%. In all schizophrenic brain samples, levels of
g2S transcripts were reduced on average by 51.7% 6 7.9%
(P , 0.001) compared with levels of g2S transcripts in the
matched controls (Fig. 5C). There was a small reduction
(16.9% 6 12%) in g2L mRNA in the same samples of
prefrontal cortex from schizophrenics (Fig. 5D), but this was
not significant (P . 0.05).

DISCUSSION

In a previous report on the dorsolateral prefrontal cortex of
schizophrenics and matched controls (40), quantitative den-
sitometry revealed consistently modest reductions in mRNA
levels, including g2 transcripts, in schizophrenic brains, but
these changes did not reach statistical significance. In the
present study, consistent with the previous findings, g2 tran-
script expression was highest in layer II, deep layer III, and
layer IV, with slightly lower levels in other layers. There was
a modest, yet again nonsignificant, reduction of g2 transcripts
in four of the six layers of the same cortex in schizophrenics
when compared with matched controls.

Using semiquantitative RT-PCR, total RNA isolated from
the same tissue blocks used for in situ hybridization histochem-
istry was reverse transcribed and amplified using primers
recognizing both g2S and g2L mRNAs. 32P-end labeled prod-
ucts were normalized to amplified levels of the ubiquitously
expressed G3PDH. Overall, the percentage of g2S mRNA was
only slightly lower than g2L in the control samples, with a
g2Syg2L ratio of 46.3%:54.6% 6 1.28%(P , 0.001). In all of
the schizophrenic brains, levels of g2S mRNA were signifi-
cantly reduced in comparison with g2L mRNA (g2Syg2L ratio
33.15%:66.85% 6 3.19% in schizophrenics; P , 0.0001). There
was a 51.7% 6 7.9% reduction (P , 0.001) of g2S mRNA in
schizophrenic brains versus matched controls, but only a slight
overall reduction (16.9% 6 12.0%; P . 0.05) of g2L mRNA,
suggesting that the two alternatively spliced transcripts are
differentially regulated in the prefrontal cortex in schizophre-
nia. A decrease in the nonspliced g2S GABAA receptor
subunit has been reported in the aging brain (39, 44), but this
was not evident in the present study. Most of the controls, even
the oldest, showed close to a 50:50 ratio of the short to long
forms of g2 mRNAs (Fig. 4A, brain 2065; Table 1).

FIG. 3. Determination of linear range of amplification detectable
with 30-cycle RT-PCR. (A) Serial dilutions (1:2) of total RNA were
prepared and reverse-transcribed to generate g2S and g2L cDNA
products, which were separated on an 8% polyacrylamide gel. Total
RNA is shown in ng amounts above each lane, and the lane number
is indicated below. (B) Phosphorimager quantification of vacuum-
dried gel shown in A. p and 7 indicate the amount of starting RNA
within the linear amplification range in which differences between
schizophrenics and matched pairs should be accurately quantifiable.

FIG. 4. Digitized film autoradiograms of an 8% polyacrylamide gel
from a typical RT-PCR experiment showing (A) amplified products
from 50 ng of reverse transcribed total RNA from control (odd-
numbered lanes) and schizophrenic cortex (even-numbered lanes). In
every case, primers specifically amplified the 201-bp and 225-bp
products g2S and g2L. Numbers above each pair are brain numbers for
identification purposes. (B) PCR-amplified products for G3PDH from
the same RT-reaction confirm first-strand synthesis efficiencies and
enable semiquantification of expression levels.
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Reduced g2 Subunit Transcripts in Prefrontal Cortex of
Schizophrenics May Reflect Reduced Inhibitory Capacity.
Decreases in g2 subunit transcript levels of the kind reported
here and marked decreases in benzodiazepine binding (17)
indicate that a major component of the cortical inhibitory
neurotransmitter system is affected in schizophrenics. Because
g2 subunits are essential for high-affinity benzodiazepine
binding (22, 25–31, 45), especially for binding of flunitrazepam
(18, 28), reduction in g2 protein resulting from reduced
transcript levels provides a basis for the decrease in 3H-
flunitrazepam binding in schizophrenics.

The g2 subunit is one of the most highly expressed and
widely distributed GABAA receptor subunits in the mamma-
lian central nervous system, including the developing and adult
cerebral cortex (19–21, 24, 25, 46–49). It is normally colocal-
ized with two other highly expressed subunits, a1 and b2 (20,
21, 24), suggesting that g2, along with a1 and b2 subunits are
fundamental components of the major subtype of GABAA
receptors in the mammalian brain (19–21, 45, 47, 50). The
pathophysiology of schizophrenia likely involves multiple de-
fects of neurotransmitter function (11), including defects in the
GABAergic system (51). In addition to alterations in receptor
binding in schizophrenic cortex, there are also reductions in
presynaptic turnover of GABA (12–14). Reduced GAD activ-
ity (14, 52) and reduced levels of GAD mRNA in schizophren-
ics without loss of neurons (9) indicates that down-regulation
of GAD gene expression and thus of GABA production is an
accompaniment of altered GABAA receptor function.
Whether the defective GABAergic system is a primary ele-
ment in the schizophrenic process or is secondary to other
pathology, such as an altered pattern of cortical connections,
remains unknown. However, many of the symptoms of schizo-
phrenia may be attributable to alterations in the balance of
intracortical excitation and inhibition.

Consequences of Differential Regulation of g2S and g2L
Subunit Isoforms. There was a considerable (51.7%) decrease
in the abundance of g2S mRNA in prefrontal cortex of
schizophrenics. Because the accompanying reduction in g2L
mRNA was relatively minor, the alternatively spliced g2L
isoform is now the predominant g2 GABAA receptor subunit
in a compromised GABAergic transmitter system.

In the GABAergic system, phosphorylation of GABAA
receptor subunits by a number of protein kinases is recognized
as a potential mechanism for regulating inhibitory synaptic
function (53, 54). For both g2 subunits, phosphorylation by
PKC occurs at Ser-327, but the g2L isoform possesses an
additional phosphorylation site at Ser-343 (34) within the 8-aa
insert (32, 33). Phosphorylation negatively modulates GABAA
receptors by reducing the amplitude of GABA-activated cur-
rents (35, 55). This reduction in GABA-mediated chloride
currents is more severe for receptor subtypes containing more
g2L subunits relative to g2S subunits because of the presence
of the additional PKC site at Ser-343 (35). When coupled with
already reduced g2 mRNA levels, the overrepresentation of
g2L subunits should result in a functionally less active form of
the GABAA receptor in the dorsolateral prefrontal cortex of
schizophrenic brains.

The major changes detected in the present study are subtle,
and the small decreases in overall g2 mRNA would have been
regarded as insignificant in the absence of knowledge of the
changes in relative levels of g2S and g2L transcripts. There is
a parallel effect on gene expression for N-methyl-D-aspartate
receptor subunit mRNAs in the dorsolateral prefrontal cortex
of schizophrenics: the NR2D subunit, which is normally ex-
pressed at low levels, is increased at the expense of other
N-methyl-D-aspartate receptor transcripts, but without much
change in overall transcript levels (10). The change was not
found in brains from neuroleptic-treated nonschizophrenic
controls. We have not yet confirmed that the change in g2
subunit mRNAs is also unaffected by neuroleptic treatment,
because all but one of the schizophrenic subjects in this study
had been treated with neuroleptics. The change in NR2D
receptor gene expression, like the change in relative propor-
tions of g2S and g2L GABAA receptor subunits, should be
accompanied by radically altered function at the N-methyl-D-
aspartate receptor because recombinant receptors made up of
NR1 and NR2D subunits are associated with prolonged decay
times of glutamate-induced ion currents and a lower threshold
for Mg21 blockade in comparison with receptors assembled
from NR1 and NR2A or NR2B subunits (56). The net effect
should be to produce a receptor that is more ‘‘excitable’’ than
normal, in the same cortex in which GABAA receptors are

FIG. 5. Histograms from phosphorimager analysis showing relative levels of g2S and g2L transcripts in dorsolateral prefrontal cortex of
schizophrenics and control brains as quantified from five separate RT-PCR amplification experiments. (A and B) The abundance of g2S mRNA
(solid bars) compared as a percentage of total g2 mRNA in control-brain cortical samples (A) and in schizophrenic-brain cortical samples (B).
(C and D) The relative abundance of levels of g2S (C) and g2L (D) mRNAs normalized to G3PDH-amplified transcripts in all of the schizophrenic
brain samples, compared with normalized levels obtained from their matched controls set at 100%.
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likely to be hypoactive. These are but two examples of changes
in major cortical neurotransmitter systems in schizophrenia
that should have profound consequences for cortical integra-
tive function. The challenge is to determine to what extent
these are primary defects or secondary, activity-dependent
responses to a circuitry that is compromised by other under-
lying pathology.
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