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Abstract

Epilepsy and psychiatric comorbidities are frequently associated, but their common biological substrate is unknown.
We have previously reported altered structural elements and neurotrophins (NTs) expression in mesial temporal
lobe epilepsy (MTLE) patients with psychiatric comorbidities. NTs receptors can regulate neurotransmission and
promote neuroplasticity, being important candidates in the regulation and manifestation of psychopatological
states and seizure-related events. MTLE hippocampi of subjects without psychiatric history, MTLE +major depression,
MTLE + interictal psychosis derived from epilepsy surgery, and control necropsies were investigated for p75NTR, TrkB,
TrkA, and TrkC immunohistochemistry. Increased expression of p75NTR, decreased TrkA, unaltered TrkC, and complex
alterations involving TrkB expression were seen in MTLE groups. Increased TrkB expression in patients without
complete seizure remission and in those with secondarily generalized seizures was seen. Decreased p75NTR expression
associated with interictal psychosis, and increased TrkB in those with psychosis or major depression was also reported,
although their p75NTR/TrkB ratios were lower than in MTLE without psychiatric comorbidities. Our results provide
evidence of alterations in expression of NTs receptors in the epileptogenic hippocampus that are differentially
modulated in presence of psychiatric comorbidities. As already explored in animal models, even in chronic human
MTLE increased TrkB expression, among other NT receptors alterations, may play a major role in seizure type,
frequency and surgery outcome.
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Introduction
Psychiatric comorbidities are frequent in epileptic patients,
although the precise nature of this association is still mat-
ter of debate [1,2]. Mesial temporal lobe epilepsy (MTLE),
the most common cause of intractable epilepsy in adults,
usually shows hippocampal sclerosis (HS), neuronal loss,
gliosis and mossy fiber sprouting [3-6]. We have recently
shown neuropathological data suggesting that there is a
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structural basis for psychiatric symptoms in the hippocam-
pus of MTLE patients [7,8], and altered neurotrophin (NT)
expression in presence of psychiatric comorbidities [9].
Hippocampal NTs are upregulated in MTLE patients

[9,10] and in animal models of epilepsy [11-16]. NT recep-
tors have been shown to play important roles in epilepto-
genesis, especially tyrosine receptor kinase B (TrkB) and
p75 neurotrophic receptor (p75NTR) [17-19]. In human
MTLE, a qualitative study performed in the dentate gyrus
and Ammon’s horn showed increased p75NTR expression
in glia and remaining neurons, and few alterations in Trk
expression [20]. In animal models of epilepsy, increased
NT receptors expression has also been related to in-
creased excitability [21-25].
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In schizophrenia, decreased TrkB and TrkC expression
was reported in the prefrontal cortex [26-28], although
truncated forms of TrkB were elevated [29]. In hippo-
campus, decreased TrkA and TrkB expression has been
documented [27,30], as well as no change in TrkB [31].
Immunolabeling and mRNA levels of TrkA and TrkC
were decreased in the hippocampus of suicide subjects
with major depression when compared to normal subjects
and p75NTR was increased [32]. In post-mortem brain of
teenage suicide victims TrkB mRNA levels were decreased
in both prefrontal cortex and hippocampus [33].
Structural abnormalities, altered neuronal plasticity

and excitability have been described in epilepsy and psy-
chiatric disorders [for review please see [2,34]], and such
features are intrinsically regulated by NTs and their re-
ceptors [35,36]. Here we described NT receptors expres-
sion in subfields of the hippocampus, subicular complex
and entorhinal cortex in a series of MTLE patients with
and without comorbid major depression and interictal
psychosis. Finally, we investigated the possible correl-
ation between NT receptors expression, seizure type and
outcome, and further clinical characteristics.

Materials and methods
Patients
We analyzed the hippocampal formation from MTLE
specimens freshly collected in the operating room and
non-epileptic controls from necropsy, collected between
3.5-6 hours after death. A < 24 h postmortem time limit
allows comparison of necropsy tissue with freshly
collected surgical specimens for their protein levels,
cell morphology and tissue integrity [37,38]. This
study followed the principles of the Declaration of
Helsinki, was registered in Brazilian’s Health Ministry
and was approved by the Research Ethics Committee
of our institution, where this study was performed
(process HCRP #10180/2007). Written informed consent
was obtained from all patients used in this study, and
the Research Ethics Committee also approved the
Consent Term.
MTLE specimens were derived from 40 MTLE pa-

tients who underwent a standard en bloc anterior tem-
poral resection (including 3–4 cm of the hippocampus)
for medically intractable seizures. All had clinical neuro-
pathological confirmation of HS. They were divided into
3 groups: 14 MTLE patients without any history of psy-
chiatric disorder (MTLE group); 13 MTLE patients with
interictal psychosis (MTLE + P group); and 13 MTLE pa-
tients with a diagnosis of major depression (MTLE + D
group). A summary of clinical characteristics of all
groups is depicted in Table 1. According to Blümcke’s
HS categories [39], 17 patients had severe HS, 16 clas-
sical HS, 5 CA1 HS and 2 CA4 HS. No differences were
seen among MTLE groups regarding HS categories (for
details, please see neuropathological data in Table 2).
For comparison purposes, ten human non-epileptic con-
trol hippocampi from necropsies were processed and
analyzed in the same manner as the surgical cases.
Underlying diseases causing death were cardiomyopathy,
pulmonary infarct or renal-hepatic failure, with no history
of hypoxic episodes during agony, seizures or neurological
diseases. Furthermore, there was no evidence of brain
pathological abnormalities on clinical postmortem exam-
ination of the mesial temporal structures. MTLE and
control specimens were collected between 1996 and
2006. As discussed elsewhere [8], the number of
interictal psychosis cases (n = 13) collected within this
timeframe corresponds to almost the totality of interictal
psychosis cases operated in our Epilepsy Surgery Center
in this same period.

Clinical features of MTLE patients
All patients were referred for pre-surgical assessment
due to drug-resistant seizures as defined in the literature
[40]. Patients were evaluated at the Ribeirao Preto Epilepsy
Surgery Program using standardized protocols approved
by the institution’s Ethics Committee and a written con-
sent form was obtained from each patient. Pre-surgical
investigation at the Epilepsy Monitoring Unit included de-
tailed clinical history, neurological examination, interictal
and ictal scalp/sphenoidal electroencephalography (EEG),
neuropsychology evaluation, and intracarotid amobarbital
memory and language procedure whenever deemed clinic-
ally necessary.
Definition of MTLE followed Engel’s criteria [41]: (I)

Seizure semiology consistent with MTLE, usually with
epigastric/autonomic/psychic auras, followed by com-
plex partial seizures; (II) Pre-surgical investigation con-
firming seizure onset zone in the temporal lobe; (III)
Anterior and mesial temporal interictal spikes on EEG;
(IV) No lesions other than uni- or bilateral hippocampal
atrophy on high resolution magnetic resonance imaging
scans (reduced hippocampal dimensions and increased
T2 signal); (V) Clinical histopathological examination
compatible with HS; (VI) No evidence of dual pathology
identifiable by any of the assessment methods described
(clinical, electrophysiology, neuroimaging and histo-
pathology). Exclusion criteria were: (I) focal neurological
abnormalities on physical examination; (II) generalized
or extra-temporal EEG spikes; (III) marked cognitive im-
pairment indicating dysfunction beyond the temporal
regions.
Information regarding antecedent of an initial precipi-

tant injury, febrile seizures, seizure types, drug regimen
and estimated monthly frequency (within the two years
prior to surgery) were retrospectively collected from
medical records for each patient. Psychiatric evaluations
were conducted in all MTLE patients. Each diagnosis of



Table 1 Demographic and clinical data

MTLE MTLE + D MTLE + P Controls Statistics

Male (n) 8 5 7 4 No difference

Female (n) 6 8 6 6

IPI present (n) 9 8 7 n.a. No difference

IPI absent (n) 5 5 6 n.a.

Febrile seizure present in IPI (n) 5 3 5 n.a. No difference

Febrile seizure absent in IPI (n) 4 3 1 n.a.

Febrile seizure unknown (n) 0 2 1 n.a.

Age of first seizure (years) 3.0 ± 2.3 4.3 ± 5.5 6.8 ± 8.4 n.a. No difference

Age when seizures became recurrent or age of onset (years) 10.2 ± 6.4 13.0 ± 8.1 13.8 ± 8.4 n.a. No difference

Seizure type: CPS (n) 6 1 4 n.a. No differencetr

Seizure type: SGS (n) 8 12 9 n.a.

Seizure frequency (monthly) 12.7 ± 10.1 17.2 ± 15.6 11.7 ± 10.1 n.a. No difference

Right HS (n) 6 7 5 n.a. No difference

Left HS (n) 6 4 6 n.a.

Bilateral HS (n) 2 2 2 n.a.

Right handedness (n) 12 11 13 n.a. No difference

Left handedness (n) 1 2 0 n.a.

Bilateral handedness (n) 1 0 0 n.a.

Memory in verbal tasks: average or above (n) 3 7 2 n.a. No difference

Memory in verbal tasks: below average (n) 11 6 11 n.a.

Memory in non-verbal tasks: average or above (n) 9 7 3 n.a. No differencetr

Memory in non-verbal tasks: below average (n) 5 6 10 n.a.

Full scale IQ 82.2 ± 7.9 84.3 ± 9.6 77.2 ± 7.3 n.a. No difference

Years at school 6.2 ± 3.0 5.1 ± 3.6 4.2 ± 2.6 n.a. No difference

Age at surgery (or at death for controls) (years) 36.1 ± 4.7 37.1 ± 5.4 38.0 ± 6.0 48.1 ± 18.9 No difference

Duration of epilepsy (years) 25.9 ± 6.4 24.1 ± 8.9 24.1 ± 8.6 n.a. No difference

Collected side: right (n) 7 8 6 6 No difference

Collected side: left (n) 7 5 7 4

Collected side: left (n) 7 9 6 4

Surgical outcome: complete remission of seizures (n) 8 2 4 n.a. Fisher’s Exact Test, p = 0.046:
MTLE × MTLE + D

Surgical outcome: only auras and/or fewer seizures (n) 6* 11* 9 n.a.

Values indicated as mean ± std. deviation when applicable. A statistical trend (tr: 0.05 ≤ p ≤ 0.07) was observed suggesting a higher proportion of MTLE + D
patients with SGS than MTLE, and a higher proportion of MTLE + P patients with worse performance in non-verbal memory tasks than MTLE.
*: Two patients in MTLE group; one patient in MTLE + D, and four patients in MTLE + P group presented with auras and seizures post-surgery; the remaining had
only auras, and the proportion was increased in the MTLE + D group. IPI: initial precipitant injury; CPS: complex partial seizure; SGS: secondarily generalized
seizures; HS: hippocampal sclerosis; n.a.: not applicable.
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major depression was independently established during
the presurgical evaluation by two psychiatrists with
experience in psychiatric disorders associated with epi-
lepsy, using the guidelines of the Diagnostic and Statistical
Manual of Mental Disorders, 4th edition. Once a consen-
sus on the classification of psychotic syndromes associated
with epilepsy was lacking at the time of patient evaluation
and tissue collection, and neither DSM-IV nor ICD-10
had addressed this issue specifically [see review in [34]],
the diagnosis of psychosis associated with MTLE was
established according to Sachdev [42], meaning that
patients with interictal psychosis did not experience
the following: psychotic disorder temporally associated
with seizures, changes in antiepileptic medications, epi-
leptic status, delirium, and psychosis for paradoxical
normalization. This group was defined by a prolonged
psychotic state that was not related to the epileptic sei-
zures. Typically, the psychotic states closely resemble
schizophrenia, with paranoid ideas which might become
systematized, ideas of influence, and auditory hallucina-
tions often of a menacing quality. The points of difference
are: common religious coloring of the paranoid ideas,



Table 2 Summary of neuropathological data

MTLE MTLE + D MTLE + P Controls

Neuronal density (#/mm3 × 103)

Granular layer 87.1 ± 30.5 87.7 ± 36.6 89.9 ± 34.0 171.5 ± 39.5

Hilus 4.8 ± 3.4 5.1 ± 4.3 5.6 ± 3.9 13.9 ± 5.9

CA4 10.6 ± 7.9 8.8 ± 7.5 7.9 ± 4.1 23.6 ± 8.2

CA3 15.1 ± 10.5 11.7 ± 9.4 14.8 ± 8.9 22.9 ± 6.4

CA2 17.7 ± 10.3 15.9 ± 5.4 11.9 ± 5.8 22.8 ± 8.2

CA1 7.9 ± 5.4 3.7 ± 2.5 2.9 ± 2.4 18.3 ± 8.1

Prosubiculum 11.4 ± 6.1 7.8 ± 4.2 6.2 ± 4.0 23.7 ± 6.2

Subiculum 21.5 ± 9.7 20.0 ± 12.6 16.0 ± 10.6 17.6 ± 7.4

Parasubiculum 17.3 ± 8.1 14.9 ± 8.3 15.3 ± 8.3 17.3 ± 5.6

Entorhinal cortex 27.4 ± 11.3 20.0 ± 8.5 20.8 ± 5.8 38.6 ± 8.6

HS classification (n)

Severe HS 7 5 5 n.a.

Classical HS 5 6 5 n.a.

CA1 HS 1 2 2 n.a.

CA4 HS 1 0 1 n.a.

p75NTR IR area (μm2 × 102)

Granular layer 3974.2 ± 1425.8 2945.2 ± 1254.1 3064.6 ± 1135.7 1586.7 ± 623.4

Hilus 1961.7 ± 585.5 1708.5 ± 532.3 1721.9 ± 558.6 1115.7 ± 359.1

CA4 2570.1 ± 743.2 1853.3 ± 702.5 2350.2 ± 619.5 1224.4 ± 418.1

CA3 2950.6 ± 693.7 3816.7 ± 1342.0 2756.6 ± 791.6 1964.5 ± 786.6

CA2 4189.7 ± 924.4 3817.4 ± 1085.0 3598.5 ± 726.5 2242.7 ± 910.7

CA1 2941.2 ± 916.4 2660.8 ± 663.0 2583.7 ± 260.7 1572.0 ± 692.3

Prosubiculum 2747.7 ± 896.4 2243.4 ± 568.8 2278.7 ± 529.2 1652.9 ± 810.6

Subiculum 3372.1 ± 1178.8 2549.5 ± 717.1 2342.2 ± 726.0 1275.5 ± 567.6

Parasubiculum 3752.4 ± 1026.5 3349.3 ± 916.4 2704.0 ± 497.6 1397.5 ± 580.2

Entorhinal cortex 3303.6 ± 564.7 3044.3 ± 552.3 3436.0 ± 536.8 1265.0 ± 622.2

TrkB IR area (μm2 × 102)

Granular layer 1970.3 ± 651.6 3883.8 ± 1442.6 4307.5 ± 1039.8 2591.0 ± 539.0

Hilus 1490.4 ± 551.2 2214.4 ± 712.8 2693.6 ± 838.0 1937.9 ± 510.2

CA4 1369.0 ± 602.3 2590.7 ± 1105.6 2861.6 ± 458.0 2911.2 ± 839.6

CA3 1857.9 ± 436.3 2124.1 ± 703.8 3050.8 ± 646.0 3892.2 ± 958.6

CA2 2311.3 ± 700.8 3276.0 ± 1078.4 3182.0 ± 593.3 3732.2 ± 956.4

CA1 1513.3 ± 442.5 1729.8 ± 540.6 1931.2 ± 596.6 2888.2 ± 585.8

Prosubiculum 1454.7 ± 445.4 1427.5 ± 434.1 2224.4 ± 679.7 2694.9 ± 956.7

Subiculum 1649.9 ± 415.1 2776.0 ± 806.4 2843.5 ± 977.7 2531.9 ± 622.9

Parasubiculum 1689.4 ± 425.3 2833.3 ± 499.8 2778.9 ± 412.3 3000.3 ± 1086.8

Entorhinal cortex 1893.1 ± 302.0 2808.3 ± 509.2 2870.6 ± 588.5 2930.0 ± 857.8

TrkA IR area (μm2 × 102)

Granular layer 1757.7 ± 646.3 2155.8 ± 721.3 1444.2 ± 289.9 2181.6 ± 889.4

Hilus 1213.1 ± 549.7 1252.2 ± 479.1 1183.7 ± 378.9 1960.9 ± 716.8

CA4 1441.1 ± 553.3 1441.1 ± 470.7 1322.1 ± 291.9 1802.1 ± 570.2

CA3 1473.9 ± 333.1 1643.2 ± 487.0 1193.3 ± 267.3 2614.6 ± 918.1

CA2 1820.7 ± 587.9 2097.6 ± 607.7 1675.1 ± 421.3 2463.7 ± 768.1
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Table 2 Summary of neuropathological data (Continued)

CA1 1157.7 ± 350.1 1042.9 ± 291.3 1179.6 ± 462.2 2169.7 ± 637.2

Prosubiculum 1202.9 ± 345.8 1017.0 ± 380.5 1279.3 ± 295.0 1888.3 ± 566.8

Subiculum 1515.8 ± 360.7 1662.1 ± 456.6 1456.9 ± 375.2 1780.5 ± 555.8

Parasubiculum 1733.4 ± 391.2 1524.4 ± 252.6 1572.3 ± 391.2 1834.7 ± 600.3

Entorhinal cortex 1779.4 ± 641.3 1135.7 ± 429.9 1464.5 ± 295.9 1693.8 ± 383.6

TrkC IR area (μm2 × 102)

Granular layer 1295.3 ± 416.3 1194.4 ± 402.4 1106.0 ± 300.0 1103.5 ± 477.8

Hilus 1120.3 ± 313.4 1114.3 ± 303.8 1076.2 ± 411.7 1427.1 ± 395.4

CA4 1188.5 ± 297.0 1270.0 ± 483.5 1387.8 ± 468.6 1316.9 ± 184.6

CA3 1512.1 ± 425.0 1333.3 ± 787.3 1742.3 ± 608.3 2323.6 ± 772.3

CA2 2076.8 ± 485.9 1630.9 ± 473.3 1808.3 ± 859.2 2012.1 ± 789.9

CA1 1133.3 ± 378.9 1284.6 ± 432.1 1069.6 ± 415.5 1092.8 ± 313.6

Prosubiculum 1200.4 ± 193.7 1069.7 ± 336.3 1083.7 ± 404.3 1117.1 ± 634.2

Subiculum 1261.1 ± 361.2 1158.1 ± 308.1 1172.9 ± 468.8 942.9 ± 154.2

Parasubiculum 1375.7 ± 306.1 1282.1 ± 385.6 1155.6 ± 453.2 1204.2 ± 538.7

Entorhinal cortex 1610.7 ± 438.8 1523.6 ± 522.5 1535.5 ± 598.0 958.1 ± 399.1

Values indicated as mean ± std. deviation or as number of patients (n), when indicated. n.a.: not applicable.
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tendency of the affect to remain warm and appropriate,
and no typical deterioration to the hebephrenic state [43].
Patients had no history of previous psychiatric disorders
(prior to seizure onset) or of substance dependence at any
time. Global IQ was calculated after neuropsychological
tests (complete WAIS-III or WAIS-R protocol).

Tissue collection and immunohistochemical processing
Hippocampal body specimens were segmented into 1 cm
blocks transversely oriented to the hippocampal long axis
and were placed in buffered paraformaldehyde (Sigma, St
Louis, MO, USA). After 48–96 hours specimens were proc-
essed and paraffin embedded for immunohistochemistry.
Immunohistochemistry was performed with antibodies

that identified immunoreactivity for Neu-N, a nuclear
protein found in the nuclei of mature neurons (1:1000
dilution; Chemicon-Millipore, Billerica, MA, USA), and
for the NT receptors: p75NTR, TrkB, TrkA and TrkC (all
diluted 1:30; Santa Cruz Biotechnology, Santa Cruz, CA,
USA). According to the manufacturers and as already
verified in selected references [18,44-48], these anti-
bodies recognize a single band in western blot and show
no cross-reactivity with other NT receptors. Briefly, par-
affin embedded MTLE and control hippocampi were
processed together for each antibody as described in
Kandratavicius et al. [7], with overnight incubation at
room temperature and developed simultaneously for
10 min in 0.05% 3,3’-diaminobenzidine tetrahydrochloride
(Pierce, Rockford, USA) and 0.01% hydrogen peroxide
(Merck, Darmstadt, Germany). After sufficient colori-
zation, reaction was halted by washing in several rinses of
distilled water, dehydrated through graded ethanol to
xylene (Merck, Darmstadt, Germany), and cover slipped
with Krystalon (EM Science, Gibbstown, NJ, USA). Adja-
cent sections were hematoxilin-eosin stained and examined
for tissue integrity. Control sections without the primary
antisera did not reveal staining (data not shown).

Cell count
Neuronal counting for MTLE and control hippocampi
was performed based on Lorente de No’s classification
[49], including fascia dentata granular and subgranular
cells, polymorphic hilar neurons (limited to a region
between stratum granulosum and CA4 pyramidal cells,
being at least 50 μm from the stratum granulosum and
100 μm from CA4), as well as pyramidal cells in CA4
(the portion of Ammon’s horn that permeates the inner
part of the dentate gyrus), CA3, CA2, CA1, prosubiculum,
subiculum, parasubiculum, and entorhinal cortex layer III.
Cell densities (neurons per cubic millimeter) were esti-
mated in 8 μm Neu-N stained slices at 400x magnification
with a morphometric grid methodology using Abercrom-
bie’s correction [50] as previously described and well
established in the literature for surgical hippocampal frag-
ments [3,5-7,51-55].

Semi-quantitative analysis of immunohistochemistry
Adjacent slides to those examined for neuronal density
were analyzed for NT receptors expression. In brief, all
digitized images were analyzed with Image J software,
following the same criteria: (I) the software identifies the
gray value distribution of a subfield’s digital image (total
area image for each subfield = 313.7 μm × 235.3 μm);
(II) the immunoreactive (IR) area is selected (i.e. positive
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stained pixels), limited to a threshold range; and (III) the
threshold range is pre-settled based on control group sec-
tions, to exclude the low intensity gray value of back-
ground staining from the analysis. A similar approach was
used by our group elsewhere [6]. Results for granular layer
included granular cell layer per se and proximal molecular
layer. Analyses were conducted by one investigator (LK),
blind to hippocampal pathology and group classification.

Data analysis
Data were analyzed using the statistical program PAWS
(version 18.0) and SigmaPlot (version 11.0). Groups were
compared using analysis of variance (ANOVA one way,
with Bonferroni post-hoc test) or unpaired t test for vari-
ables with normal distribution, and Kruskal-Wallis One
Way Analysis of Variance on Ranks (with Dunn post hoc
test) or Mann–Whitney Rank Sum Test for variables
without normal distribution. Fisher Exact test was applied
for comparison of relative frequencies of clinical variables
between groups. Other statistical tests included two-way
ANOVA with Holm-Sidak post-hoc test, Pearson correl-
ation analyses and analysis of covariance (ANCOVA).
Statistical significance was set at p < 0.05 and values pre-
sented as mean ± SD. Depicted p values in all ANOVA
analysis refer to p values after post-hoc tests.

Results
Clinical profiles
The four patients groups did not show significant differ-
ences in gender, age or collected side (Table 1). Clinical
variables such as presence of an initial precipitant injury
and febrile seizures, age of first seizure and seizure on-
set, seizure frequency and epilepsy duration, HS side,
handedness, IQ, years at school and performance in ver-
bal memory tests were homogeneously distributed
among MTLE groups. MTLE + D patients exhibited a
trend (0.05 ≤ p ≤ 0.07) to increased proportion of patients
with secondarily generalized seizures (SGS) when com-
pared to patients without psychiatric comorbidities, and
MTLE + P patients exhibited a trend to worse perform-
ance in non-verbal memory tasks.
Two patients in MTLE group, one patient in MTLE +

D, and four patients in MTLE + P group presented with
auras and seizures post-surgery, although frequency was
decreased if compared with pre-surgery period. The re-
maining of patients without complete remission had only
auras, and the proportion of patients with this outcome
was higher in the group with history of major depression
when compared to MTLE without psychiatric comorbidi-
ties (Fisher’s Exact Test, p = 0.046).
All epileptic patients were on antiepileptic drugs (carba-

mazepine, oxcarbazepine, phenobarbital, and/or phenytoin).
In addition, patients were also taking benzodiazepines
(MTLE group: 8 of 14; MTLE +D: 10 of 13; MTLE + P
group 10 of 13), fluoxetine (MTLE +D: 4 of 13) and halo-
peridol (MTLE + P group: 10 of 13). No differences in
neuronal density, or NT receptors expression were seen
between patients taking or not taking benzodiazepines.
No differences in neuropsychological tests between pa-
tients taking or not taking benzodiazepines, fluoxetine or
haloperidol were seen. Possible influence of fluoxetine and
haloperidol in NT receptors expression will be explored
on the next sections.

Neuropathological characterization: neuronal density
Evaluation of epileptogenic and control hippocampal for-
mation showed reduced neuron density in the granular
layer, hilus, CA4, CA1 and prosubiculum of all MTLE
groups when compared to control (Figure 1, asterisks). In
addition, we found significant neuron density reduction in
the entorhinal cortex of MTLE patients with major depres-
sion and interictal psychosis when compared to controls
and a trend to decreased neuronal density in CA2 of
MTLE + P specimens. More details on neuronal density
and its relation with clinical features can be found in our
previous study on NTs expression [9], since we used here
the same specimens’ series. Results of neuronal densities
were showed here again because given the differences
among the groups, an important question was whether the
statistical differences in NT receptors expression for the
four groups could be accounted for by changes in neuronal
densities. We therefore performed an analysis of covari-
ance (ANCOVA) comparing groups and neuronal densities
with NT receptors IR area and the results are shown in
Table 3. As depicted, difference between groups in NT re-
ceptors expression remained significant in all subfields for
TrkB, five subfields for p75NTR and two subfields for TrkA
after cell count correction (Table 3, boldfaced values).
These results indicate that the groups showed significant
differences in NT receptors expression levels that were not
influenced by changes in neuronal densities.

NT receptors expression
Strong p75NTR immunoreactivity was detected in all hip-
pocampal formation subfields (Figure 2, a-t). In MTLE
specimens, glial staining was evident, while in controls
only neurons were immunoreactive (IR). In subiculum,
increased staining was seen in MTLE specimens, and less
in MTLE with psychosis and controls (Figure 3, a-d).
p75NTR IR area was lower in controls (Figure 3e, asterisks)
and independent of neuronal density in CA4, CA1, subi-
culum, parasubiculum and entorhinal cortex (Table 3).
Among MTLE groups, patients with interictal psychosis
showed decreased p75NTR expression in subiculum and
parasubiculum (Figure 3e, hash signs).
Patients with SGS showed decreased p75NTR expres-

sion in all hippocampal formation subfields when com-
pared to those with complex partial seizures (CPS), and



Figure 1 Neuronal density in human hippocampal formation subfields. Neuronal density values from MTLE (black bars), MTLE + D
(gray bars), MTLE + P (light gray bars) and from non-epileptic controls (white bars) are indicated as mean ± std. deviation. Double asterisk indicate
significant statistical difference (p < 0.001) between epileptics and control group. Neuronal loss was observed in the granular layer, hilus, CA4,
CA1, prosubiculum and entorhinal cortex. A statistical trend (tr: 0.05≤ p≤ 0.07) to decreased neuronal density in MTLE + P CA2 when compared
to control can also be seen.
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the difference was statistically significant in the granular
layer (SGS: 3030.8 ± 1232.7 × 102 μm2 versus CPS: 4200.1 ±
1271.1 × 102 μm2, t (38) = 2.51, p = 0.02), CA4 (SGS:
2073.3 ± 693.0 × 102 μm2 versus CPS: 2723.7 ± 664.9 ×
102 μm2, t (35) = 2.25, p = 0.03), and CA2 (SGS: 3611.0 ±
833.5 × 102 μm2 versus CPS: 4631.6 ± 725.9 × 102 μm2,
Table 3 Analysis of Covariance (ANCOVA) comparing patients
receptors IR area

Subfield p75NTR (counts as covariable) TrKA (counts as cov

Granular layer

2.748/0.060 1.369/0.275

Hilus

2.618/0.075 1.087/0.375

CA4

5.551/0.006 0.119/0.948

CA3

3.333/0.056 2.426/0.116

CA2

2.531/0.090 1.248/0.333

CA1

3.281/0.037 7.080/0.002

Prosubiculum

1.454/0.259 3.798/0.026

Subiculum

6.252/0.002 2.162/0.117

Parasubiculum

10.676/0.000 2.877/0.058

Entorhinal cortex

8.094/0.003 1.377/0.297

Data are presented as F values/p values, and significant results are indicated in bold
t (32) = 2.82, p = 0.01). No interaction between psychi-
atric status and seizure type was seen (p = 0.875). No ef-
fects of fluoxetine or haloperidol were seen on p75NTR

expression.
TrkB expression in neurons and dendritic processes was

detected in all subfields of the hippocampal formation
’ categories and neuronal density (counts), with NT

ariable) TrkB (counts as covariable) TrkC (counts as covariable)

12.234/0.000 0.778/0.516

4.305/0.013 0.320/0.811

4.864/0.010 0.058/0.981

9.452/0.001 1.616/0.238

3.693/0.033 0.757/0.534

6.741/0.002 0.077/0.972

3.946/0.022 0.826/0.497

5.724/0.003 1.346/0.282

7.286/0.001 0.368/0.777

6.030/0.010 2.399/0.119

faced type.



Figure 2 p75NTR expression in the human hippocampal formation. Increased expression can be seen in MTLE neurons and glial-like cells,
while in control only neurons are stained. GL: granular layer; HIL: hilus; PRO: prosubiculum; SUB: subiculum; PAR: parasubiculum; ENT: entorhinal
cortex. Scale bar (a-t): 50 μm.
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(Figure 4, a-s). In CA3, increased TrkB IR was seen in
MTLE + P and controls when compared to MTLE and
MTLE +D (Figure 5, a-d). Among MTLE groups, MTLE
without psychiatric comorbidities showed consistently
lower TrkB expression (Figure 5e, hash signs), with excep-
tion of CA2 and CA1, where differences did not reach
statistical significance. In the granular layer, CA4, subicu-
lum, parasubiculum and entorhinal cortex both MTLE +
D and MTLE + P presented with increased TrkB expres-
sion when compared to MTLE without psychiatric comor-
bidities. Controls showed higher TrkB expression than
MTLE in the entire Ammon’s horn, prosubiculum, para-
subiculum and entorhinal cortex (Figure 5e, asterisks).
Interestingly, TrkB expression in patients with SGS

was higher than in patients with CPS in all hippocampal
formation subfields, being statistically significant in CA4
(SGS: 2487.0 ± 961.9 × 102 μm2 versus CPS: 1640.5 ±
835.7 × 102 μm2, t (35) = −2.29, p = 0.03). No interaction
between psychiatric status and seizure type was seen
(p = 0.711) suggesting that increased TrkB expression
levels seen in specimens from patients with a psychiatric
diagnosis as well as on those with SGS are independent
findings. Moreover, complete seizure remission post-sur-
gery was achieved by the ones with lower hippocampal
TrkB expression. Difference between groups was signi-
ficant in the granular layer (Remission: 2768.2 ± 1086.5 ×
102 μm2 versus No-remission: 4418.1 ± 1864.7 × 102 μm2,
t (38) = 2.89, p = 0.008) and prosubiculum (Remission:
1533.1 ± 456.0 × 102 μm2 versus No-remission: 2179.9 ±
688.4 × 102 μm2, t (36) = 2.61, p = 0.02). Psychiatric status
and seizure outcome exhibited a significant interaction
(p = 0.016), probably due to an increased proportion of
patients without complete seizure remission and with a
psychiatric diagnosis. In fact, differences in TrkB expres-
sion between remission versus no-remission patients
were evident in MTLE with psychiatric comorbidities
(p < 0.007) but not on those without psychiatric comor-
bidities (p = 0.717). Also, a trend to a direct correlation
between seizure frequency and TrkB expression in the
granular layer was noted (Pearson’s R = +0.35, p = 0.05).
No effects of fluoxetine or haloperidol were seen on TrkB
expression.
TrkA expression was predominantly neuronal (Figure 6,

a-d) and decreased in epileptic groups when compared
to controls in the hilus, CA3, CA1 and prosubiculum
(Figure 6e, asterisks). When corrected for neuronal den-
sities differences between MTLE groups and control, CA1
and prosubiculum remained significant (Table 3). No
differences among MTLE groups or in seizure type and
outcome were seen regarding TrkA levels. In MTLE +D
group, patients taking fluoxetine showed increased TrkA
expression in CA4 (1804.1 ± 366.8 × 102 μm2 versus
1088.8 ± 309.6 × 102 μm2, t (10) = 2.81, p = 0.04) and CA2
(2601.7 ± 583.0 × 102 μm2 versus 1719.5 ± 259.2 × 102 μm2,
t (9) = 2.75, p = 0.04). In MTLE + P group, patients taking
haloperidol showed decreased TrkA expression in CA4



Figure 3 p75NTR expression in MTLE specimens with and without psychiatric comorbidities and in non-epileptic controls. MTLE
subiculum (a) exhibited increased p75NTR expression when compared to MTLE + D (b), MTLE + P (c) and control group (d). We found p75NTR

immunoreactive area values (e) higher epileptic groups than in controls (double asterisk, p < 0.01; single asterisk, p < 0.05), and differences among
MTLE groups (single hash sign, p < 0.05). Values from MTLE (black bars), MTLE + D (gray bars), MTLE + P (light gray bars) and from non-epileptic
controls (white bars) are indicated as mean ± std. deviation. Scale bar (a-d): 50 μm.
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(1155.7 ± 164.9 × 102 μm2 versus 1654.9 ± 153.7 × 102 μm2,
t (11) = −4.36, p = 0.003).
TrkC expression was also predominantly neuronal

(Figure 7, a-d) but no differences among groups were
found (Figure 7e). In MTLE + D group, patients taking
fluoxetine showed increased TrkC expression in CA4
(1741.8 ± 88.7 × 102 μm2 versus 1034.0 ± 405.3 × 102 μm2,
t (11) = 3.51, p = 0.03). In order to examine whether there
was an imbalance in the expression of TrkA, B, and C in
relation to p75NTR expression, we determined the expres-
sion ratios of p75NTR versus TrkA, TrkB, and TrkC. As
shown in Table 4, we observed significant increase in
expression ratios of p75NTR versus TrkA in all subfields
except CA3 and prosubiculum. p75NTR/TrkB ratios were
elevated in all hippocampal formation subfields of epi-
leptogenic hippocampus when compared to controls. Be-
sides, differences among MTLE groups were also detected
in all subfields except CA3, CA2 and CA1, with decreased
p75NTR/TrkB ratio in MTLE with psychiatric comorbi-
dities. Imbalance in the expression of TrkB in relation to
p75NTR expression may also play a role in seizure type
since patients with SGS showed decreased p75NTR/TrkB
ratio when compared to those with CPS. Difference be-
tween groups was significant in the granular layer (SGS:
1.13 ± 0.75 versus CPS: 1.86 ± 1.07, t (38) = 2.25, p = 0.03),
CA4 (SGS: 0.98 ± 0.51 versus CPS: 2.13 ± 1.13, t (35) =
2.59, p = 0.02), CA1 (SGS: 1.55 ± 0.50 versus CPS: 2.31 ±
0.78, t (36) = 3.11, p = 0.005), and prosubiculum (SGS:



Figure 4 TrkB expression in the human hippocampal formation. Predominant neuronal expression can be seen in all subfields. Apical
dendrites were also evident in MTLE and controls. GL: granular layer; HIL: hilus; PRO: prosubiculum; SUB: subiculum; PAR: parasubiculum; ENT:
entorhinal cortex. Scale bar (a-t): 50 μm.
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1.34 ± 0.48 versus CPS: 1.90 ± 0.59, t (36) = 2.54, p = 0.02).
No interaction between psychiatric status and seizure type
was seen (p = 0.867), suggesting that decreased p75/TrkB
ratio levels detected in specimens from patients with a
psychiatric diagnosis as well as on those with SGS are
independent findings. Expression ratios of p75NTR to
TrkC were increased in MTLE patients when compared
to controls in the dentate gyrus, CA3, CA2, parasubicu-
lum and entorhinal cortex.

Discussion
In the present study, we found in the epileptogenic hip-
pocampal formation increased expression of p75NTR,
decreased TrkA expression, and complex alterations in-
volving TrkB expression. Increased TrkB expression in
patients without complete seizure remission and in those
with SGS, and a trend to a direct correlation between
TrkB and seizure frequency was seen. In addition, de-
creased p75NTR expression associated with interictal
psychosis, and increased TrkB in those with psychosis
or major depression was also reported, although their
p75NTR/TrkB ratios were lower than in MTLE without
psychiatric comorbidities.
There are scarce reports on hippocampal NT receptors

expression in schizophrenia and mood disorders, showing
unaltered, decreased and increased levels [31,56,57]. Since
our series refers to psychiatric states comorbid with epi-
lepsy, our discussion will focus mainly in NT receptors
expression considering whenever possible evidences found
in epilepsy. In our earlier study [9], we found increased
nerve growth factor (NGF) and brain derived neurotro-
phic factor (BDNF) expression in MTLE, and decreased
NGF and BDNF in specific hippocampal subfields of
MTLE + P, but increased NGF in the granular layer of
MTLE +D. Those previous and the present results can be
directly correlated since they are from the same patient’s
series. In MTLE and MTLE +D, a decrease in TrkA might
represent a compensatory effect to increased NGF. Since
in MTLE + P both NGF and TrkA are in low levels, we
could expect a diminished trophic tone, for instance, in
mossy fiber sprouting, as we indeed noticed in previous
studies [7,9]. BDNF was also decreased in MTLE + P
granular layer [9], but its high affinity ligand TrkB was
increased. Here we must emphasize the relevance of
our expression ratios’ findings between p75NTR and
Trks. The low affinity NT receptor p75NTR may have a
pro-apoptotic role when acting without Trks and/or as a
ligand for pro-NTs; and p75NTR may have an anti-apop-
totic role, strengthening mature NT biding and signal
transduction when forming a complex with Trks [58].
Coexpression of p75NTR and Trks has been previously
demonstrated with immunofluorescence in hippocampal
sclerosis [20], and a way to quantitatively express this rela-
tion is by examining p75NTR and Trks expression ratios,
as explored by Dwivedi et al. [32]. Increased p75NTR/Trks
ratios in most hippocampal subfields of MTLE specimens



Figure 5 TrkB expression in MTLE specimens with and without psychiatric comorbidities and in non-epileptic controls. MTLE (a) and
MTLE + D (c) exhibited decreased TrkB expression in CA3 when compared to MTLE + P (b) and control group (d). We found TrkB immunoreactive
area values (e) higher in the dentate gyrus of epileptic groups with psychiatric comorbidities, and decreased in other subfields of MTLE
specimens when compared to controls (double asterisk, p < 0.01; single asterisk, p < 0.05). Differences among epileptic groups were seen in the
granular layer, hilus, CA4, CA3, prosubiculum, subiculum, parasubiculum and entorhinal cortex, where MTLE specimens showed decreased TrkB
expression when compared to MTLE with psychiatric comorbidities (single hash sign, p < 0.05; double hash sign, p < 0.01). Values from MTLE
(black bars), MTLE + D (gray bars), MTLE + P (light gray bars) and from non-epileptic controls (white bars) are indicated as mean ± std. deviation.
Scale bar (a-d): 50 μm.
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suggests mechanisms toward cell survival and enhance-
ment of the efficacy of synaptic neurotransmission, but
decreased p75NTR/TrkB ratios in MTLE with psychiatric
comorbidities could be associated with structural abnor-
malities and reduced neuronal plasticity in these hippo-
campi. In fact, significant neuronal loss in the entorhinal
cortex and a trend in CA2 were seen only in specimens
with major depression and/or psychosis.
In schizophrenia, decreased expression of TrkB in the

prefrontal cortex may contribute to reduced BDNF-TrkB
signaling and lead to reduced neuronal plasticity [26,29].
In our previous study [9] we hypothesized that given the
reciprocal BDNF/glutamate modulation [59], normaliza-
tion of low BDNF levels found in interictal psychosis [9]
would help to reestablish the balance in a possible situation
of glutamatergic hypofunction. As reviewed by Schuman
[60], TrkB signaling becomes readily desensitized after
binding BDNF. Thus, BDNF-TrkB signaling could be
potentiated in presence of increased TrkB availability, as
it seems to occur in MTLE + P. Together with the already
increased BDNF baseline expression found in epilepsy, a
comorbid psychotic state would display milder symptoms
than in schizophrenia, as it is indeed depicted in interictal
psychosis [43]. In major depression we found equally



Figure 6 TrkA expression in MTLE specimens with and without psychiatric comorbidities and in non-epileptic controls. MTLE (a),
MTLE + D (b) and MTLE + P (c) exhibited decreased TrkA expression in CA3 when compared to control group (d). We found TrkA immunoreactive
area values (e) lower in the hilus, CA3, CA1 and prosubiculum of epileptic groups when compared to controls (double asterisk, p < 0.01; single asterisk,
p < 0.05). Values from MTLE (black bars), MTLE + D (gray bars), MTLE + P (light gray bars) and from non-epileptic controls (white bars) are indicated as
mean ± std. deviation. Scale bar (a-d): 50 μm.
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increased TrkB levels as in psychosis, and interestingly,
another study showed that NT receptors expression levels
were not different between suicide subjects with major
depression or with a history of other psychiatric disorders
[32]. Although increased TrkB expression in MTLE +D
could be an effect of antidepressant drug exposure as
extensively documented in the literature [61,62], in our
series we found an effect of fluoxetine only on TrkA and
TrkC expression. Brain specimens of patients with schizo-
phrenia and major depression usually show decreased
TrkB expression, although there are also findings of
unaltered levels [31,63]. Our results have indicated that
increased TrkB expression in hippocampal specimens of
MTLE with psychiatric comorbidities and in those with
SGS are independent findings, and we should reemphasize
that we are examining psychiatric states secondary to epi-
lepsy. Therefore, if TrkB is intrinsically related to hyperex-
citability, epileptogenesis and seizures [19,64], a comorbid
psychiatric condition in epilepsy could display a different
pattern of expression when compared to the pure forms
of the psychopathologies, as we found in our results.
Glial expression of p75NTR was detected in MTLE

groups, as already described in human MTLE [20] and
in seizure models [65]. While in hippocampal neurons
NGF binding to p75NTR results in apoptosis [66], in glial
cells the signal may serve as a negative modulator to
restrict its proliferation [65]. If there is a differential glial
expression and activation in MTLE with and without



Figure 7 TrkC expression in MTLE specimens with and without psychiatric comorbidities and in non-epileptic controls. MTLE (a) and
MTLE + D (b), MTLE + P (c) and control group (d) exhibited predominatly neuronal TrkC expression in CA3. No statistical differences in TrkC
immunoreactive area were found among groups (e). Values from MTLE (black bars), MTLE + D (gray bars), MTLE + P (light gray bars) and from
non-epileptic controls (white bars) are indicated as mean ± std. deviation. Scale bar (a-d): 50 μm.
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psychiatric comorbidities as suggested by our NTs expres-
sion results, it needs to be further clarified.
Just recently the clinical correlates of SGS in temporal

lobe epilepsy were described. Bone et al. [67] reported a
positive association between the presence of hippocampal
sclerosis and SGS, which is in agreement with the high
proportion of patients with SGS in our series. Never-
theless, SGSs are not uniform entities [68], and the patho-
physiology of secondary generalization is still poorly
understood. We found that patients with SGS showed
increased TrkB expression, decreased p75NTR/TrkB ratio,
and decreased p75NTR expression when compared to those
with CPS. Also, there was a trend to a direct correlation
between seizure frequency and TrkB expression. The
close relationship of TrkB and epileptogenesis has
been explored in animal models for more than a decade
[17,19,22,23,69,70], and TrkB acts as an indispensable
molecule for seizure generation and epilepsy development.
Here we described for the first time in human MTLE that
even in a chronic scenario TrkB may play a major role on
seizure type and epilepsy surgery outcome. Regarding
lower p75NTR levels found in SGS it is useful to recollect
that we found decreased NGF in those same specimens
[9]. In the kindling model, when a synthetic peptide is
used to interfere with NGF binding to TrkA and p75NTR

receptors, the kindling process is suppressed [21]. In fact,
when NGF is not able to properly interact with their
receptors, seizure development is halted [71]. In chronic



Table 4 Ratios of p75NTR/Trks in hippocampal subfields of MTLE groups and normal controls

MTLE MTLE + D MTLE + P Controls p value

TrkA

Granular layer 2.4 ± 1.1 1.4 ± 0.4 2.1 ± 1.4 1.0 ± 0.5 0.04 (MTLE × CTRL)

Hilus 2.3 ± 2.0 1.4 ± 0.5 1.5 ± 0.5 0.8 ± 0.4 0.04 (MTLE × CTRL)

CA4 1.9 ± 0.8 1.4 ± 0.4 1.9 ± 0.6 0.9 ± 0.3 0.04 (MTLE and MTLE + P × CTRL)

CA3 1.9 ± 1.0 2.3 ± 0.9 2.6 ± 1.0 1.1 ± 0.6 n.s.

CA2 2.6 ± 1.2 1.7 ± 0.5 2.1 ± 0.6 1.1 ± 0.6 0.04 (MTLE x CTRL)

CA1 2.6 ± 1.4 2.6 ± 0.9 2.3 ± 1.1 0.9 ± 0.5 0.04 (MTLE and MTLE + D × CTRL)

Prosubiculum 2.1 ± 1.2 2.1 ± 1.0 1.9 ± 0.3 1.0 ± 0.4 n.s.

Subiculum 2.3 ± 1.0 1.5 ± 0.5 1.8 ± 0.6 0.9 ± 0.5 0.005 (MTLE x CTRL)

Parasubiculum 2.2 ± 0.6 2.3 ± 0.6 1.8 ± 0.4 1.1 ± 0.5 0.004 (MTLE and MTLE + D × CTRL)

Entorhinal cortex 2.3 ± 0.8 3.5 ± 2.1 2.4 ± 1.0 0.9 ± 0.4 0.02 (MTLE + D × CTRL)

TrkB

Granular layer 2.2 ± 0.9 0.9 ± 0.5 0.8 ± 0.5 0.6 ± 0.2 <0.0001 (MTLE × all groups)

Hilus 1.6 ± 1.1 0.9 ± 0.4 0.7 ± 0.2 0.6 ± 0.1 0.01 (MTLE × MTLE + P); 0.02 (MTLE × CTRL)

CA4 2.1 ± 1.0 0.9 ± 0.4 0.8 ± 0.2 0.5 ± 0.1 <0.003 (MTLE × all groups)

CA3 1.7 ± 0.9 2.0 ± 1.0 1.0 ± 0.4 0.6 ± 0.2 0.04 (MTLE and MTLE + D × CTRL)

CA2 2.1 ± 1.3 1.3 ± 0.4 1.1 ± 0.2 0.6 ± 0.1 0.01 (MTLE × CTRL)

CA1 2.1 ± 0.8 1.5 ± 0.4 1.5 ± 0.5 0.6 ± 0.2 <0.0001 (MTLE × CTRL)

Prosubiculum 2.1 ± 0.5 1.4 ± 0.4 1.2 ± 0.3 0.7 ± 0.1 <0.01 (MTLE × all groups); 0.03 (MTLE + D × CTRL)

Subiculum 2.1 ± 0.8 1.0 ± 0.4 0.9 ± 0.3 0.6 ± 0.3 <0.0001 (MTLE × all groups)

Parasubiculum 2.3 ± 0.7 1.2 ± 0.4 1.0 ± 0.2 0.6 ± 0.2 <0.0001 (MTLE × all groups)

Entorhinal cortex 1.9 ± 0.4 1.1 ± 0.4 1.3 ± 0.4 0.5 ± 0.1 0.01 (MTLE × MTLE + D); <0.01 (MTLE groups × CTRL)

TrkC

Granular layer 3.4 ± 1.7 3.0 ± 1.1 2.9 ± 1.2 1.6 ± 0.7 <0.01 (MTLE groups × CTRL)

Hilus 2.0 ± 1.0 1.5 ± 0.5 1.6 ± 0.3 0.8 ± 0.2 0.009 (MTLE × CTRL)

CA4 2.3 ± 1.2 1.6 ± 0.6 1.7 ± 0.6 1.0 ± 0.4 n.s.

CA3 2.0 ± 0.7 2.4 ± 0.4 1.7 ± 0.4 1.1 ± 0.5 <0.01 (MTLE and MTLE + D × CTRL)

CA2 2.2 ± 0.8 2.4 ± 0.4 1.7 ± 0.4 1.1 ± 0.5 0.02 (MTLE and MTLE + D × CTRL)

CA1 2.9 ± 1.3 2.7 ± 1.8 2.4 ± 0.7 1.3 ± 0.7 n.s.

Prosubiculum 2.2 ± 1.1 1.7 ± 0.4 2.2 ± 1.0 1.7 ± 1.2 n.s.

Subiculum 2.7 ± 1.1 2.1 ± 0.5 2.2 ± 1.3 1.1 ± 0.3 n.s.

Parasubiculum 2.7 ± 0.5 2.7 ± 0.5 2.4 ± 0.8 1.3 ± 0.5 <0.01 (MTLE groups × CTRL)

Entorhinal cortex 2.2 ± 0.5 2.4 ± 0.9 2.9 ± 1.0 1.1 ± 0.5 0.03 (MTLE + P × CTRL)

Values indicated as mean ± std. deviation. n.s.: non-significant.
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MTLE, lower levels of NGF, TrkA and p75NTR might
function as an endogenous mechanism counteracting
increased excitability.
A limitation of the current study is the relative hetero-

geneity of psychiatric groups. We were not able to deter-
mine quantitative details of depressive and psychotic
symptoms such as precise number and duration of epi-
sodes, although all patients in MTLE +D and MTLE + P
groups had a lifetime history of their respective psychiatric
comorbidity. There are few studies examining neuro-
pathological correlates in the hippocampus of patients
with epilepsy and psychiatric comorbidities, and more
detailed studies using psychometric scales are still needed.
Also, in spite of the fact that we could not perform stereo-
logical counts due to limited tissue source from surgery,
our neuron density numbers are in agreement with recent
hippocampal stereological counts performed in MTLE
specimens [72]. In fact, since all MTLE surgical specimens
were submitted to identical processing, differences among
them are particularly relevant. As with any human study,
assumptions must be considered when interpreting our
results. Receptor expression does not necessarily equal
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functional activity, but given our results and evidences in
the literature we assumed that such a relationship could
exist in some circumstances. Despite our relatively small
sample size, other studies exploring neuropathological
aspects of different psychiatric comorbidities of epilepsy
have been using even smaller series [73,74], and our
results are in agreement with the recent NT receptors’
literature.

Conclusion
Our previous studies [7-9] together with the present
results demonstrate that there is an overall structural
abnormality and alterations in expression of NTs and
their receptors in the epileptogenic hippocampus, that
are differentially modulated in presence of psychiatric
comorbidities. The clinical significance of these alterations
is yet being established. NTs and their receptors are able
to regulate central neurotransmission and promote neu-
roplasticity, representing a promising study area for the
development of new treatment strategies, clearly needed
in face of different clinical symptoms and differentially
affected neuropathological substrates.

Competing interests
The authors declare that they have no conflict of interest.

Acknowledgments
This work was supported by the Fundacao de Apoio a Pesquisa do Estado
de Sao Paulo - Fapesp (Grant # 07/56721-7, and CInAPCe Project # 05/56447-7),
Conselho Nacional de Desenvolvimento Cientifico e Tecnologico - CNPq, and
Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES, Project
A034_2013).

Disclosure
The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript. Contributions:
Conception and design of research (LK, JPL); Performed research (LK);
Analyzed data (LK); Contributed with reagents/analytic tools (JAA, CGC, JEH);
Wrote the paper (LK, JPL).

Author details
1Ribeirao Preto School of Medicine, Department of Neurosciences and
Behavior, University of Sao Paulo (USP), Av Bandeirantes 3900, CEP
14049-900, Ribeirao Preto, Brazil. 2Center for Interdisciplinary Research on
Applied Neurosciences (NAPNA), USP, Ribeirao Preto, Brazil. 3National
Institute of Science and Technology in Translational Medicine (INCT-TM –
CNPq), Ribeirao Preto, Brazil. 4Ribeirao Preto School of Medicine, Department
of Surgery, USP, Ribeirao Preto, Brazil.

Received: 20 May 2014 Accepted: 29 June 2014

References
1. Kandratavicius L, Lopes-Aguiar C, Bueno-Junior LS, Romcy-Pereira RN, Hallak

JE, Leite JP (2012) Psychiatric comorbidities in temporal lobe epilepsy:
possible relationships between psychotic disorders and involvement of
limbic circuits. Rev Bras Psiq 34(4):454–466

2. Kandratavicius L, Ruggiero RN, Hallak JE, Garcia-Cairasco N, Leite JP (2012)
Pathophysiology of mood disorders in temporal lobe epilepsy. Rev Bras Psiq
34(Suppl2):S233–S259

3. Mathern GW, Babb TL, Pretorius JK, Leite JP (1995) Reactive synaptogenesis
and neuron densities for neuropeptide Y, somatostatin, and glutamate
decarboxylase immunoreactivity in the epileptogenic human fascia dentata.
J Neurosci 15(5 Pt 2):3990–4004
4. Babb TL, Kupfer WR, Pretorius JK, Crandall PH, Levesque MF (1991) Synaptic
reorganization by mossy fibers in human epileptic fascia dentata.
Neuroscience 42(2):351–363

5. Babb TL, Brown WJ, Pretorius J, Davenport C, Lieb JP, Crandall PH (1984)
Temporal lobe volumetric cell densities in temporal lobe epilepsy. Epilepsia
25(6):729–740

6. Kandratavicius L, Rosa-Neto P, Monteiro MR, Guiot MC, Assirati JA Jr,
Carlotti CG Jr, Kobayashi E, Leite JP (2013) Distinct increased metabotropic
glutamate receptor type 5 (mGluR5) in temporal lobe epilepsy with and
without hippocampal sclerosis. Hippocampus 23(12):1212–1230,
doi:10.1002/hipo.22160

7. Kandratavicius L, Hallak JE, Young LT, Assirati JA, Carlotti CG Jr, Leite JP
(2012) Differential aberrant sprouting in temporal lobe epilepsy with
psychiatric co-morbidities. Psychiatry Res 195(3):144–150, doi:10.1016/j.
psychres.2011.06.005

8. Kandratavicius L, Monteiro MR, Hallak JE, Carlotti CG Jr, Assirati JA Jr, Leite JP
(2013) Microtubule-associated proteins in mesial temporal lobe epilepsy
with and without psychiatric comorbidities and their relation with granular
cell layer dispersion. Biomed Res Int 2013:960126, doi:10.1155/2013/960126

9. Kandratavicius L, Monteiro MR, Assirati JA Jr, Carlotti CG Jr, Hallak JE, Leite JP
(2013) Neurotrophins in mesial temporal lobe epilepsy with and without
psychiatric comorbidities. J Neuropathol Exp Neurol 72(11):1029–1042,
doi:10.1097/NEN.0000000000000002

10. Mathern GW, Babb TL, Micevych PE, Blanco CE, Pretorius JK (1997) Granule
cell mRNA levels for BDNF, NGF, and NT-3 correlate with neuron losses or
supragranular mossy fiber sprouting in the chronically damaged and
epileptic human hippocampus. Mol Chem Neuropathol 30(1–2):53–76

11. Adams B, Sazgar M, Osehobo P, Van der Zee CE, Diamond J, Fahnestock M,
Racine RJ (1997) Nerve growth factor accelerates seizure development,
enhances mossy fiber sprouting, and attenuates seizure-induced
decreases in neuronal density in the kindling model of epilepsy. J Neurosci
17(14):5288–5296

12. Isackson PJ, Huntsman MM, Murray KD, Gall CM (1991) BDNF mRNA
expression is increased in adult rat forebrain after limbic seizures: temporal
patterns of induction distinct from NGF. Neuron 6(6):937–948

13. Binder DK, Croll SD, Gall CM, Scharfman HE (2001) BDNF and epilepsy: too
much of a good thing? Trends Neurosci 24(1):47–53

14. Kokaia Z, Kelly ME, Elmer E, Kokaia M, McIntyre DC, Lindvall O (1996)
Seizure-induced differential expression of messenger RNAs for
neurotrophins and their receptors in genetically fast and slow kindling rats.
Neuroscience 75(1):197–207

15. Vezzani A, Ravizza T, Moneta D, Conti M, Borroni A, Rizzi M, Samanin R,
Maj R (1999) Brain-derived neurotrophic factor immunoreactivity in the
limbic system of rats after acute seizures and during spontaneous
convulsions: temporal evolution of changes as compared to neuropeptide
Y. Neuroscience 90(4):1445–1461

16. Shetty AK, Zaman V, Shetty GA (2003) Hippocampal neurotrophin levels in a
kainate model of temporal lobe epilepsy: a lack of correlation between
brain-derived neurotrophic factor content and progression of aberrant
dentate mossy fiber sprouting. J Neurochem 87(1):147–159

17. He XP, Kotloski R, Nef S, Luikart BW, Parada LF, McNamara JO (2004)
Conditional deletion of TrkB but not BDNF prevents epileptogenesis in the
kindling model. Neuron 43(1):31–42, doi:10.1016/j.neuron.2004.06.019

18. Unsain N, Nunez N, Anastasia A, Masco DH (2008) Status epilepticus induces
a TrkB to p75 neurotrophin receptor switch and increases brain-derived
neurotrophic factor interaction with p75 neurotrophin receptor: an initial
event in neuronal injury induction. Neuroscience 154(3):978–993,
doi:10.1016/j.neuroscience.2008.04.038

19. Liu G, Gu B, He XP, Joshi RB, Wackerle HD, Rodriguiz RM, Wetsel WC,
McNamara JO (2013) Transient inhibition of TrkB kinase after status
epilepticus prevents development of temporal lobe epilepsy. Neuron 79
(1):31–38, doi:10.1016/j.neuron.2013.04.027

20. Ozbas-Gerceker F, Gorter JA, Redeker S, Ramkema M, van der Valk P,
Baayen JC, Ozguc M, Saygi S, Soylemezoglu F, Akalin N, Troost D, Aronica E
(2004) Neurotrophin receptor immunoreactivity in the hippocampus of
patients with mesial temporal lobe epilepsy. Neuropathol Appl Neurobiol
30(6):651–664, doi:10.1111/j.1365-2990.2004.00582.x

21. Li S, Uri Saragovi H, Racine RJ, Fahnestock M (2003) A ligand of the
p65/p95 receptor suppresses perforant path kindling, kindling-induced
mossy fiber sprouting, and hilar area changes in adult rats. Neuroscience
119(4):1147–1156



Kandratavicius et al. Acta Neuropathologica Communications 2014, 2:81 Page 16 of 17
http://www.actaneurocomms.org/content/2/1/81
22. Kotloski R, McNamara JO (2010) Reduction of TrkB expression de novo in
the adult mouse impairs epileptogenesis in the kindling model.
Hippocampus 20(6):713–723, doi:10.1002/hipo.20673

23. Heinrich C, Lahteinen S, Suzuki F, Anne-Marie L, Huber S, Haussler U, Haas C,
Larmet Y, Castren E, Depaulis A (2011) Increase in BDNF-mediated TrkB
signaling promotes epileptogenesis in a mouse model of mesial temporal
lobe epilepsy. Neurobiol Dis 42(1):35–47, doi:10.1016/j.nbd.2011.01.001

24. Bernard PB, Macdonald DS, Gill DA, Ryan CL, Tasker RA (2007) Hippocampal
mossy fiber sprouting and elevated trkB receptor expression following
systemic administration of low dose domoic acid during neonatal
development. Hippocampus 17(11):1121–1133, doi:10.1002/hipo.20342

25. Mudo G, Jiang XH, Timmusk T, Bindoni M, Belluardo N (1996) Change in
neurotrophins and their receptor mRNAs in the rat forebrain after status
epilepticus induced by pilocarpine. Epilepsia 37(2):198–207

26. Weickert CS, Ligons DL, Romanczyk T, Ungaro G, Hyde TM, Herman MM,
Weinberger DR, Kleinman JE (2005) Reductions in neurotrophin receptor
mRNAs in the prefrontal cortex of patients with schizophrenia. Mol
Psychiatry 10(7):637–650, doi:10.1038/sj.mp.4001678

27. Takahashi M, Shirakawa O, Toyooka K, Kitamura N, Hashimoto T, Maeda K,
Koizumi S, Wakabayashi K, Takahashi H, Someya T, Nawa H (2000) Abnormal
expression of brain-derived neurotrophic factor and its receptor in the
corticolimbic system of schizophrenic patients. Mol Psychiatry 5(3):293–300

28. Hashimoto T, Bergen SE, Nguyen QL, Xu B, Monteggia LM, Pierri JN, Sun Z,
Sampson AR, Lewis DA (2005) Relationship of brain-derived neurotrophic
factor and its receptor TrkB to altered inhibitory prefrontal circuitry in
schizophrenia. J Neurosci 25(2):372–383, doi:10.1523/JNEUROSCI.4035-
04.2005

29. Wong J, Rothmond DA, Webster MJ, Weickert CS (2013) Increases in two
truncated TrkB isoforms in the prefrontal cortex of people with
schizophrenia. Schizophr Bull 39(1):130–140, doi:10.1093/schbul/sbr070

30. Knable MB, Barci BM, Webster MJ, Meador-Woodruff J, Torrey EF (2004)
Molecular abnormalities of the hippocampus in severe psychiatric illness:
postmortem findings from the Stanley Neuropathology Consortium.
Mol Psychiatry 9(6):609–620, 544. doi:10.1038/sj.mp.4001471

31. Dunham JS, Deakin JF, Miyajima F, Payton A, Toro CT (2009) Expression of
hippocampal brain-derived neurotrophic factor and its receptors in Stanley
consortium brains. J Psychiatr Res 43(14):1175–1184, doi:10.1016/j.
jpsychires.2009.03.008

32. Dwivedi Y, Rizavi HS, Zhang H, Mondal AC, Roberts RC, Conley RR, Pandey
GN (2009) Neurotrophin receptor activation and expression in human
postmortem brain: effect of suicide. Biol Psychiatry 65(4):319–328,
doi:10.1016/j.biopsych.2008.08.035

33. Pandey GN, Ren X, Rizavi HS, Conley RR, Roberts RC, Dwivedi Y (2008)
Brain-derived neurotrophic factor and tyrosine kinase B receptor signalling
in post-mortem brain of teenage suicide victims. Int J Neuropsychopharmacol
11(8):1047–1061, doi:10.1017/S1461145708009000

34. Kandratavicius L, Hallak JE, Leite JP (2014) What are the similarities and
differences between schizophrenia and schizophrenia-like psychosis of
epilepsy? A neuropathological approach to the understanding of
schizophrenia spectrum and epilepsy. Epilepsy Behav doi:10.1016/j.
yebeh.2014.01.005

35. Lu B, Pang PT, Woo NH (2005) The yin and yang of neurotrophin action.
Nat Rev Neurosci 6(8):603–614, doi:10.1038/nrn1726

36. Schecterson LC, Bothwell M (2010) Neurotrophin receptors: Old
friends with new partners. Dev Neurobiol 70(5):332–338,
doi:10.1002/dneu.20767

37. Gittins R, Harrison PJ (2004) Neuronal density, size and shape in the human
anterior cingulate cortex: a comparison of Nissl and NeuN staining. Brain
Res Bull 63(2):155–160, doi:10.1016/j.brainresbull.2004.02.005

38. Stan AD, Ghose S, Gao XM, Roberts RC, Lewis-Amezcua K, Hatanpaa KJ,
Tamminga CA (2006) Human postmortem tissue: what quality markers
matter? Brain Res 1123(1):1–11, doi:10.1016/j.brainres.2006.09.025

39. Blumcke I, Coras R, Miyata H, Ozkara C (2012) Defining clinico-
neuropathological subtypes of mesial temporal lobe epilepsy with
hippocampal sclerosis. Brain Pathol 22(3):402–411, doi:10.1111/j.1750-
3639.2012.00583.x

40. Berg AT (2009) Identification of pharmacoresistant epilepsy. Neurol Clin
27(4):1003–1013, doi:10.1016/j.ncl.2009.06.001

41. Engel J Jr (1996) Surgery for seizures. N Engl J Med 334(10):647–652
42. Sachdev P (1998) Schizophrenia-like psychosis and epilepsy: the status of

the association. Am J Psychiatry 155(3):325–336
43. Beard AW, Slater E (1962) The schizophrenic-like psychoses of epilepsy.
Proc R Soc Med 55:311–316

44. Pastrana E, Moreno-Flores MT, Gurzov EN, Avila J, Wandosell F, Diaz-Nido J
(2006) Genes associated with adult axon regeneration promoted by
olfactory ensheathing cells: a new role for matrix metalloproteinase 2.
J Neurosci 26(20):5347–5359, doi:10.1523/JNEUROSCI.1111-06.2006

45. Wang W, Zhao H, Zhang S, Kang E, Chen Y, Ni C, Zhu M (2009) Patterns of
expression and function of the p75(NGFR) protein in pancreatic cancer cells
and tumours. Eur J Surg Oncol 35(8):826–832, doi:10.1016/j.ejso.2008.10.013

46. Blochl A, Sirrenberg C (1996) Neurotrophins stimulate the release of
dopamine from rat mesencephalic neurons via Trk and p75Lntr receptors.
J Biol Chem 271(35):21100–21107

47. Middlemas DS, Kihl BK, Zhou J, Zhu X (1999) Brain-derived neurotrophic
factor promotes survival and chemoprotection of human neuroblastoma
cells. J Biol Chem 274(23):16451–16460

48. Dierssen M, Gratacos M, Sahun I, Martin M, Gallego X, Amador-Arjona A,
Martinez de Lagran M, Murtra P, Marti E, Pujana MA, Ferrer I, Dalfo E,
Martinez-Cue C, Florez J, Torres-Peraza JF, Alberch J, Maldonado R, Fillat C,
Estivill X (2006) Transgenic mice overexpressing the full-length neurotrophin
receptor TrkC exhibit increased catecholaminergic neuron density in
specific brain areas and increased anxiety-like behavior and panic reaction.
Neurobiol Dis 24(2):403–418, doi:10.1016/j.nbd.2006.07.015

49. Lorente de No R (1934) Studies on the structure of the cerebral cortex II.
Continuation of study of the ammonic system. J Psychol Neurol 46:113–177

50. Abercrombie M (1946) Estimation of nuclear population from microtome
sections. Anat Rec 94:239–247

51. Mathern GW, Adelson PD, Cahan LD, Leite JP (2002) Hippocampal neuron
damage in human epilepsy: Meyer’s hypothesis revisited. Prog Brain Res
135:237–251

52. Mathern GW, Pretorius JK, Mendoza D, Leite JP, Chimelli L, Born DE, Fried I,
Assirati JA, Ojemann GA, Adelson PD, Cahan LD, Kornblum HI (1999)
Hippocampal N-methyl-D-aspartate receptor subunit mRNA levels in tem-
poral lobe epilepsy patients. Ann Neurol 46(3):343–358

53. Mathern GW, Mendoza D, Lozada A, Pretorius JK, Dehnes Y, Danbolt NC,
Nelson N, Leite JP, Chimelli L, Born DE, Sakamoto AC, Assirati JA, Fried I,
Peacock WJ, Ojemann GA, Adelson PD (1999) Hippocampal GABA and
glutamate transporter immunoreactivity in patients with temporal lobe
epilepsy. Neurology 52(3):453–472

54. Mathern GW, Pretorius JK, Kornblum HI, Mendoza D, Lozada A, Leite JP,
Chimelli LM, Fried I, Sakamoto AC, Assirati JA, Levesque MF, Adelson PD,
Peacock WJ (1997) Human hippocampal AMPA and NMDA mRNA levels in
temporal lobe epilepsy patients. Brain 120(Pt 11):1937–1959

55. Mathern GW, Babb TL, Vickrey BG, Melendez M, Pretorius JK (1995) The
clinical-pathogenic mechanisms of hippocampal neuron loss and surgical
outcomes in temporal lobe epilepsy. Brain 118(Pt 1):105–118

56. Iritani S, Niizato K, Nawa H, Ikeda K, Emson PC (2003) Immunohistochemical
study of brain-derived neurotrophic factor and its receptor, TrkB, in the
hippocampal formation of schizophrenic brains. Prog Neuropsychopharmacol
Biol Psychiatry 27(5):801–807, doi:10.1016/S0278-5846(03)00112-X

57. Thompson Ray M, Weickert CS, Wyatt E, Webster MJ (2011) Decreased
BDNF, trkB-TK + and GAD67 mRNA expression in the hippocampus of
individuals with schizophrenia and mood disorders. J Psychiatry Neurosci
36(3):195–203, doi:10.1503/jpn.100048

58. Fujii T, Kunugi H (2009) p75NTR as a therapeutic target for neuropsychiatric
diseases. Curr Mol Pharmacol 2(1):70–76

59. Mattson MP (2008) Glutamate and neurotrophic factors in neuronal
plasticity and disease. Ann N Y Acad Sci 1144:97–112, doi:10.1196/
annals.1418.005

60. Schuman EM (1999) Neurotrophin regulation of synaptic transmission. Curr
Opin Neurobiol 9(1):105–109

61. Bayer TA, Schramm M, Feldmann N, Knable MB, Falkai P (2000)
Antidepressant drug exposure is associated with mRNA levels of tyrosine
receptor kinase B in major depressive disorder. Prog
Neuropsychopharmacol Biol Psychiatry 24(6):881–888

62. Dwivedi Y (2009) Brain-derived neurotrophic factor: role in depression and
suicide. Neuropsychiatr Dis Treat 5:433–449

63. Ray MT, Shannon Weickert C, Webster MJ (2014) Decreased BDNF and TrkB
mRNA expression in multiple cortical areas of patients with schizophrenia
and mood disorders. Transl Psychiatry 4:e389, doi:10.1038/tp.2014.26

64. Liu G, Kotloski RJ, McNamara JO (2014) Antiseizure effects of TrkB kinase
inhibition. Epilepsia doi:10.1111/epi.12671



Kandratavicius et al. Acta Neuropathologica Communications 2014, 2:81 Page 17 of 17
http://www.actaneurocomms.org/content/2/1/81
65. Cragnolini AB, Huang Y, Gokina P, Friedman WJ (2009) Nerve growth factor
attenuates proliferation of astrocytes via the p75 neurotrophin receptor. Glia
57(13):1386–1392, doi:10.1002/glia.20857

66. Friedman WJ (2000) Neurotrophins induce death of hippocampal neurons
via the p75 receptor. J Neurosci 20(17):6340–6346

67. Bone B, Fogarasi A, Schulz R, Gyimesi C, Kalmar Z, Kovacs N, Ebner A,
Janszky J (2012) Secondarily generalized seizures in temporal lobe epilepsy.
Epilepsia 53(5):817–824, doi:10.1111/j.1528-1167.2012.03435.x

68. Jobst BC, Williamson PD, Neuschwander TB, Darcey TM, Thadani VM,
Roberts DW (2001) Secondarily generalized seizures in mesial temporal
epilepsy: clinical characteristics, lateralizing signs, and association with
sleep-wake cycle. Epilepsia 42(10):1279–1287

69. Lahteinen S, Pitkanen A, Koponen E, Saarelainen T, Castren E (2003)
Exacerbated status epilepticus and acute cell loss, but no changes in
epileptogenesis, in mice with increased brain-derived neurotrophic factor
signaling. Neuroscience 122(4):1081–1092

70. Binder DK, Routbort MJ, Ryan TE, Yancopoulos GD, McNamara JO (1999)
Selective inhibition of kindling development by intraventricular
administration of TrkB receptor body. J Neurosci 19(4):1424–1436

71. Rashid K, Van der Zee CE, Ross GM, Chapman CA, Stanisz J, Riopelle RJ,
Racine RJ, Fahnestock M (1995) A nerve growth factor peptide retards
seizure development and inhibits neuronal sprouting in a rat model of
epilepsy. Proc Natl Acad Sci U S A 92(21):9495–9499

72. Alonso-Nanclares L, Kastanauskaite A, Rodriguez JR, Gonzalez-Soriano J,
Defelipe J (2011) A stereological study of synapse number in the epileptic
human hippocampus. Front Neuroanat 5:8, doi:10.3389/fnana.2011.00008

73. Suckling J, Roberts H, Walker M, Highley JR, Fenwick P, Oxbury J, Esiri MM
(2000) Temporal lobe epilepsy with and without psychosis: exploration of
hippocampal pathology including that in subpopulations of neurons
defined by their content of immunoreactive calcium-binding proteins.
Acta Neuropathol 99(5):547–554

74. Thom M, Kensche M, Maynard J, Liu J, Reeves C, Goc J, Marsdon D,
Fluegel D, Foong J (2014) Interictal psychosis following temporal
lobe surgery: dentate gyrus pathology. Psychol Med doi:10.1017/
S0033291714000452

doi:10.1186/s40478-014-0081-2
Cite this article as: Kandratavicius et al.: Neurotrophin receptors
expression in mesial temporal lobe epilepsy with and without
psychiatric comorbidities and their relation with seizure type and
surgical outcome. Acta Neuropathologica Communications 2014 2:81.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Introduction
	Materials and methods
	Patients
	Clinical features of MTLE patients
	Tissue collection and immunohistochemical processing
	Cell count
	Semi-quantitative analysis of immunohistochemistry
	Data analysis

	Results
	Clinical profiles
	Neuropathological characterization: neuronal density
	NT receptors expression

	Discussion
	Conclusion
	Competing interests
	Disclosure
	Author details
	References

