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Sexually dimorphic brain nuclei underlie gender-specific neural
functions and susceptibility to disease, but the developmental
basis of dimorphisms is poorly understood. In these studies, we
focused on the anteroventral periventricular nucleus (AVPV), a
nucleus that is larger in females and critical for the female-typical
cyclic surge pattern of luteinizing hormone (LH) release. Sex
differences in the size and function of the AVPV result from
apoptosis that occurs preferentially in the developing male. To
identify upstream pathways responsible for sexual differentiation
of the AVPV, we used targeted apoptosis microarrays and in vivo
and in vitro follow-up studies. We found that the tumor necrosis
factor a (TNFa)-TNF receptor 2 (TNFR2)—NF«B cell survival pathway
is active in postnatal day 2 (PND2) female AVPV and repressed in
male counterparts. Genes encoding key members of this pathway
were expressed exclusively in GABAergic neurons. One gene in
particular, TNF receptor-associated factor 2 (TRAF2)-inhibiting pro-
tein (trip), was higher in males and it inhibited both TNFa-depen-
dent NFkB activation and bcl/-2 gene expression. The male AVPV
also had higher levels of bax and bad mRNA, but neither of these
genes was regulated by either TNFa« or TRIP. Finally, the trip gene
was not expressed in the sexually dimorphic nucleus of the pre-
optic area (SDN-POA), a nucleus in which apoptosis is higher in
females than males. These findings form the basis of a new model
of sexual differentiation of the AVPV that may also apply to the
development of other sexually dimorphic nuclei.
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S ex differences in the morphology of brain nuclei were first
observed over 30 years ago (1), but the physiological signif-
icance of these differences is known in only a few cases. The
neural control of gonadotropin release in rodents is perhaps the
best studied example of sex-specific physiology linked to neural
dimorphisms. Females have a cyclic pattern that culminates in
the preovulatory surge of luteinizing hormone (LH) release on
one day of the cycle (2). This female-typical pattern of LH
release is controlled by the anteroventral periventricular nucleus
(AVPYV) (3-6), one of the few sexually dimorphic nuclei that is
larger in females. Clearly, sexual dimorphisms of the nucleus are
linked to function, because developmental manipulations that
alter the size of the AVPV region (7) result in inappropriate
gonadotropin release patterns and infertility in adulthood (8).

Sexual differentiation of the AVPV, like that of other dimor-
phic nuclei, is thought to be through apoptosis (9). Consistent
with this idea, cells in the developing male AVPV express higher
levels of the proapoptotic gene, bax, while expression of the
prosurvival gene, bcl2, is more abundant in the developing
female AVPV (10). The Bcl2/Bax ratio determines whether or
not apoptosis will be triggered in the AVPV, because genetic
manipulations of either Bcl2 or Bax expression alter the volume
of the nucleus (11, 12). Unfortunately, we still have little
information on the sex-specific upstream pathway(s) that regu-
late either Bcl2 or Bax expression to produce sexual dimorphism
of the AVPV.

One obstacle to elucidating signaling pathways responsible for
apoptosis in the developing AVPV has been identifying the
phenotype of steroid-sensitive neuronal targets. We recently
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showed that most of the AVPV neurons of the female are unique
dual-phenotype GABAergic/glutamatergic (Glu) neurons that
communicate estradiol (E,) signals directly to gonadotropin-
releasing hormone neurons (13). These GABAergic neurons
contain virtually all estrogen receptor « (ERa) and estrogen
receptor 3 (ERp) expression found in the AVPV region and
females have twice as many of the neurons as males (13). The
AVPYV also has sexually dimorphic populations of neurotensin-,
galanin-, substance P-, and kisspeptin-containing neurons that
are necessary for maximal LH surge release and contain estro-
gen receptors (14, 15). Significantly, we found that expression of
genes encoding these neuropeptides in the AVPV region is
confined to GABAergic neurons*. Females also have more
dopaminergic (DA) neurons, but these cells comprise a much
smaller portion of the AVPV than GABA/Glu neurons (16) and
few, if any, contain ER (17). Moreover, the number of DA
neurons does not change in either Bax knockout or Bcl2
overexpressing mice, even though sex differences in the volume
of the AVPV are absent in these animals (11, 12). Thus,
GABA/Glu/peptidergic neurons are likely responsible for the
sexual dimorphism in AVPV volume.

Taking advantage of this information, we used targeted ex-
pression microarrays to identify pathways important for sex-
specific apoptosis in AVPV GABAergic neurons of developing
rat brains. Genes within tumor necrosis factor « (TNFa) sig-
naling pathways were the most highly represented in the set of
sex-specific genes identified. Of these, tumor necrosis factor
receptor associated factor 2-inhibiting protein (TRIP) expres-
sion showed the greatest sex differences with significantly higher
expression in males. Results of in vivo and in vitro studies
reported herein strongly suggest that TRIP downregulates the
TNFa-TNF receptor 2 (TNFR2)-NF«B pathway, thereby de-
creasing bcl2 gene expression and cell survival in the male
AVPV. Interestingly, males had higher levels of bad and bax gene
expression that could not be explained by TNFa or TRIP
signaling. These findings suggest that both TNFa-dependent and
-independent pathways contribute to sexual differentiation of
the AVPV.

Results

Genes Related to TNF« Signaling Differ Between Sexes in Developing
AVPV. Fourteen of 23 genes identified as sex specific on the
apoptosis GEArray DNA microarrays (SABiosciences) are in-
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Fig. 1. Sex differences in TRIP mRNA and protein levels in AVPV on PND2.
QPCR was used to measure TRIP mRNA and Western blot analysis to measure
TRIP. (A) Photomicrograph of Western blot results using 4 pools each of female
(F1-F4) and male (M1-M4) AVPV with GAPDH as loading control. (B) Graphical
depiction of Western and QPCR analyses of TRIP mRNA and protein. Each bar
represents mean = SEM of 4 separate samples, each of which contained AVPV
tissue pooled from 4 individual animals that came from at least 3 different
litters.***, P < 0.005, significantly different from female.

volved in TNFa« signaling pathways or in the apoptosis pathway
downstream of TNFa signaling (see SI). Expression of frip was
dramatically higher in males. TRIP binds TNF receptor-
associated factor 2 (TRAF2, a TNFR2 adaptor protein), thereby
preventing TNFa activation of NF«B (18). Thus, TRIP and
other members of the canonical NFkB pathway became the focus
of our follow-up studies.

Using QPCR and Western blots, we verified that the PND2
male AVPV had significantly higher TRIP mRNA and protein
levels than that of the female (Fig. 1). We also found that males
had lower levels of immunoreactive NF«B p65 subunit-nuclear
localization signal (Fig. 2), a finding consistent with the ability
of TRIP to inhibit NF«B nuclear translocation (18). We verified
that Bcl2 mRNA levels were lower in males (Fig. 34), while levels
of Bax and Bad (Fig. 3 B and C) were higher in males.
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Fig.2. Sexdifferences in nuclear NFkB in AVPV on PND2. Nuclear NF«B-p65
subunit-containing heterodimers were measured in microdissections of AVPV
from male and female rat pups collected on PND2. (A) Photomicrographs
showing results of Westerns that were measured using densitometry. (B)
Graph of results of Western blot analysis. Each bar represents mean + SEM of
5-6 separate samples, each of which contained AVPV tissue pooled from 4
individual animals that came from at least 3 different litters. Levels were
measured using Western blot analysis and GAPDH was used as an internal
control. ***, P < 0.0001, significantly different from female.
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Fig.3. Sexdifferences in mRNAs encoding members of the Bcl2 family. Bcl2
(A), Bad (B), and Bax (C) mRNA levels were measured in microdissections of
AVPV from male and female rat pups collected on PND2. Each bar represents
mean =+ SEM of 4 samples and each sample contained tissue from 4 different
animals representing at least 3 different litters. Levels were measured using
QPCR. GAPDH was used as an internal control. **, P < 0.01; ***, P < 0.0001,
significantly different from female.

Levels of TNFa, TNFR2, and TRAF2 Gene Expression in the AVPV Did Not
Differ Between Sexes. Neither TNFa nor TNFR2 genes were
identified in the microarray as sex specific, but because they are
critical in the pathway upstream of TRIP, we compared expres-
sion of these genes, and the gene encoding TRAF2, in PND2
male and female AVPV. We found no sex differences in
expression of any of these genes. The values were as follows
(expressed as % female control values): TNFa mRNA level was
100.0 = 21.5% in females (n = 4 pools) and 81.66 * 13.3% in
males (n = 4 pools); TNFR2 mRNA level was 100.0 + 17.1% in
females (n = 6 pools) and 114.51 = 18.5% in males (n = 9 pools);
and TRAF2 mRNA level was 100 £ 10.9% in females (n = 8
pools) and 106.9 * 17.2% in males (n = 9 pools).

TNFR2, TRAF2, and TRIP mRNA Are Found in GABA Neurons of the
AVPV. Consistent with a role of the TNFa-NF«B pathway in
AVPYV development, we found nearly identical distribution of
mRNAs encoding TRIP, TNFR2, and TRAF2 in the PND2
preoptic area (Fig. 44). Expression was particularly strong in
the AVPV region. Results of the dual-label in situ hybridiza-
tion studies showed that virtually all nfi2, traf2, and trip gene
expression in the AVPV of PND2 rats was confined to GABAer-
gic neurons (Fig. 4B). Importantly, TRIP was absent in the
SDN-POA (Fig. 4C), a GABAergic nucleus that is larger in
males than in females because cell death is higher in the latter
(19). Regardless of sex, ~70% of all AVPV GABA neurons
contained TRIP mRNA in PND2 animals (Fig. 54), but the
mean cellular levels of TRIP mRNA were significantly higher in
GABAergic neurons of males than females (Fig. 5B).

PNAS | September 29,2009 | vol. 106 | no.39 | 16693

DEVELOPMENTAL

BIOLOGY


http://www.pnas.org/cgi/content/full/0906293106/DCSupplemental

Lo L

P

2N

—_— }‘ ”
Fig.4. Autoradiograms of ISH for TNFR2 (A), TRAF2 (B), and TRIP (C) mRNA
hybridized to 35S-labeled cRNA probes in brain POA sections that contain the
AVPV of PND2 male rats. (D) Example of signal produced by sense strand
control probes (TRIP). Photomicrographs showing results of dual-label ISH
studies colocalizing digoxigenin-labeled cRNA probes to GAD mRNA (marker
of GABA neurons; brown stain) and 33S-labeled cRNA probes to TNFR2 (E),
TRAF2 (F), or TRIP (G) mRNA in POA sections of PND2 males. Arrowheads
denote double-labeled cells. (Scale bar, 20 um.) (H) Note the total absence of
signal in the more caudal SDN-POA (denoted by arrow). (Scale bar, 100 um.)

TRIP Blocked TNFa-Induced NF«B Activation and Bcl-2 Gene Expression
Without Altering Bad or Bax Expression. Our in vivo findings
suggested that TRIP interfered with a constitutively active NF«B
cell survival pathway in GABAergic neurons. We tested this idea
in vitro using N42 cells, a GABA/Glu hypothalamic cell line
(verified by Cellutions Biosystems) that we found to express trip,
traf2, and tnfr2 genes.

As predicted by our in vivo findings, treatment of N42 cells
with TNFa significantly decreased cell death and increased Bcl-2
(Fig. 64). However, neither Bax nor Bad mRNA levels were
affected by TNFa administration (Fig. S1). Silencing of TRIP
expression (Fig. 6B) increased TNFa-mediated activation of
NF«B (Fig. 6C), Bcl-2 expression (Fig. 6D), and significantly
decreased cell death in N42 cells (Fig. 6E). Knockdown of TRIP
affected neither Bax nor Bad mRNA levels after TNFa admin-
istration (Fig. S2).

Discussion

Our findings suggest that trip, a novel gene expressed preferen-
tially in the male AVPYV, inhibits a constitutively active TNFa—
TNFR2-NF«B-Bcl2 pathway thereby triggering cell death. Im-
portantly, TNFR2, TRAF2, and TRIP were all present in
GABA/Glu neurons that make up most of the sexually dimorphic
AVPV. In contrast, TRIP was absent in GABAergic neurons of
the SDN-POA, a very exciting finding because, unlike the
AVPV, cell death in SDN-POA is higher in females (20).

16694 | www.pnas.org/cgi/doi/10.1073/pnas.0906293106

A 1001

12

+

3E

Zn

3E

< =

0=

<3

Females Males
B 500
£ 400+
32~
3 %g 300-
e
g
€ 9(7 * 200
-
o
= 100
0-

Females Males

Fig. 5. Sex differences in percentage of AVPV GABAergic neurons that
contained TRIPmRNA (A) and relative levels of TRIPmRNA in AVPV GABAergic
neurons (B). Each bar represents mean + SEM of values from female (n = 4-5)
and male (n = 4-5) rat pups examined on PND2. Data were obtained using
computer-assisted image analysis of dual-label ISH studies. We used 3°S-
labeled cRNA probes for TRIPmRNA and digoxigenin-labeled cRNA probes for
GAD mRNA. ***, P < 0.0001, significantly different from female.

Interestingly, the male AVPV also had higher levels of mRNA
encoding proapoptotic Bax and Bad, but upregulation of these
genes appeared to be independent of TNFa and TRIP signaling.
Thus, at least 2 separate pathways may play a role in sexual
differentiation of the AVPV.

Our finding that most of the differentially expressed genes in
the microarray studies involved TNF« signaling was somewhat
surprising. TNFa is generally thought of as a proinflammatory
cytokine (21, 22) and a modulator of cell survival (23-25), but
it has never been linked to sex-specific apoptosis in the nervous
system. The ability of TNFa to promote cell survival is predom-
inantly through the TNFR2 receptor subtype (26). Upon ligand
binding, the TRAF2 adaptor associates with the receptor and
this activated complex results in degradation of IkBa enabling
NFkB dimers (p50-p65) to translocate to the nucleus (27-30).
TRIP binding to the TRAF2-TNFR2 complex blocks this
cascade and prevents NF«B nuclear translocation (18).

We found that expression of TNFR2, TRAF2, and TRIP
overlapped completely in the AVPV in a strikingly restricted
pattern. Each was found predominantly in the AVPV, but also
in the POA, and periventricular POA. These nuclei support the
female-specific pattern of gonadotropin release and together
comprise a functional unit called the rostral periventricular
area of the third ventricle (RP3V) (15). Our anatomical
findings reinforce the idea that TNFR2, TRAF2, and TRIP
genes are important for the development of female reproduc-
tive competence.

We found no sex differences in TNFa or TNFR2 mRNA levels
in the AVPV, but males had higher levels of TRIP mRNA and
protein. Importantly, our in vitro work showed that TRIP
inhibited NFkB activation. This is a novel finding in neural cells,
but in nonneural cell lines TRIP inhibits NF«kB activation by
enhancing cytoplasmic sequestration of NFkB dimers (18).
Support for the idea that TRIP exerts a similar effect in vivo
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Fig. 6. Results of in vitro studies on the effects of TNFa and TRIP in N42
hypothalamic cells. (A) Effects of TNFa or vehicle (Veh) on Bcl2 mRNA levels
measured with QPCR and on cell death measured using CytoTox-Fluor cyto-
toxicity assay. Each bar represents mean = SEM of 6 samples assayed in
duplicate. **, P < 0.005, significantly different from Vehicle controls; ***, P <
0.001. (B) Verification of siRNA knockdown of TRIP mRNA and protein levels.
Each bar represents mean = SEM of 4 samples. (C-E) Effects of TRIP silencing
on TNFa-induced NFkB-p65 subunit levels analyzed using Western blots (C),
Bcl2 mRNA levels measured with QPCR (D), and cell death (E). In these studies,
cellswere treated with 100 U of TNFa and comparisons were made among cells
without transfection (No Transfxn) or transfection for 24 h with vectors
containing AllStars Negative Control siRNA (siScrambled) or vectors contain-
ing a combination of 2 siTRIP constructs, $101454649 and S101454635. (C-E)
Each bar represents mean = SEM of at least 4 samples assayed in duplicate.
*, P < 0.05, significantly different from No Transfxn and siScrambled controls;
*%, P <0.001; ***, P < 0.0001.

comes from our work showing that TRIP was higher and NFkB
lower in the male AVPV than in that of the female. Previous
work also shows that levels of active caspase 3 (10) and apoptotic
cells (31) are higher in the developing male AVPV. It is notable
that we found no TRIP mRNA in the SDN-POA of males, a
nucleus in which NF«B activation is higher and cell death lower

Krishnan et al.

in males than females (20). On the basis of this evidence, we
propose that TRIP triggers male-specific cell death by inhibiting
a TNFa-TNFR2-NFkB pathway.

TRIP has never before been identified in the brain, nor has it
been linked to any neurodevelopmental process. In fact, this
little-known protein has been studied only in NIH 3T3 fibroblast
and human embryonic kidney 293 (HEK293) cells (18, 32). In
line with our finding that TRIP knockdown increased survival of
TNFa-treated hypothalamic N42 cells, previous work showed
that TRIP overexpression decreases survival of HEK293 cells
(18). In contrast, TRIP knockdown in NIH 3T3 cells enhances
apoptosis (32). This discrepancy may be explained by the fact
that TRIP inhibits NF«B activation in all 3 of these cell lines, but
NFkB activation generally inhibits apoptosis in neural cells (25,
26, 33, 34) while inducing it in nonneural cells (35-38).

Our finding that Bcl2 mRNA levels are higher in the devel-
oping female brain than that of the male is consistent with
previous work suggesting that NF«kB directly regulates Bcl2 gene
expression (39). It is also consistent with work of others who
found higher levels of Bcl2 protein in the AVPV of developing
females (10). Our in vitro data show that TNF« increases both
NFkB p65 subunits and Bcl2 gene expression in N42 cells and
that TRIP inhibits both. The role of Bcl-2 in sexual differenti-
ation of the AVPV was studied previously in transgenic mice
overexpressing Bcl2 (12). In these animals, the number of total
neurons was increased in the male AVPV, but the sexually
dimorphic population of DA neurons in this region was unaf-
fected (12). Our data showing that all TRIP mRNA is in
GABAergic neurons that make up the bulk of the AVPV may
explain these findings.

In contrast to bcl2 gene expression, we found that both bax and
bad expression levels were higher in PND2 males than in females.
Previous work similarly demonstrated that Bax protein levels are
higher in male AVPV, but that work found no differences in Bad
protein levels (10). An important finding in our studies was that,
unlike bcl2, neither bax nor bad gene expression was regulated by
TNFa or TRIP. This suggests that masculinization of the AVPV
GABA/Glu neurons involves both TNFo/TRIP-dependent down-
regulation of Bcl2 and TNFo/TRIP-independent upregulation of
Bax and Bad. There are no studies on the role of Bad in mascu-
linization of the AVPV and the only evidence that Bax plays a role
comes from work in Bax knockout mice (11). In these animals, the
number of non-DA neurons (presumably GABA/Glu neurons)
increases in both males and females compared with wild-type
animals. However, elimination of Bax necessarily increases the
Bcl2/Bax ratio such that apoptosis is likely inhibited (40). Therefore,
studies of the Bax knockout mice do not address the question of
whether the TRIP-dependent and -independent pathways are
cooperative. To make this determination, we need to identify the
upstream signaling pathway(s) for Bax gene induction. We are
currently investigating the possibility that pS3 is one such signal,
considering that it is a regulator of Bax gene expression (41) and
found to be significantly higher in the developing male than in the
female AVPV on our microarray.

In summary, our findings indicate that the TNFa-TRIP-
NF«kB pathway plays an important and previously unsuspected
role in determining the sex-specific structure and function of the
AVPYV. On the basis of our findings, we propose a new model for
sexual differentiation of the AVPV wherein an active cell
survival pathway important for female-typical development is
suppressed by increased TRIP expression in the male. The model
is as follows: (/) Feminization of the AVPV depends on a
constitutively active TNFa—TNFR2-NF«kB-Bcl2 pathway that
maintains cell survival of GABAergic neurons. (if) Elevated
TRIP expression in GABA neurons of the male AVPV inhibits
NFkB activation, thereby decreasing Bcl2 gene expression. (iii)
TNFa- and TRIP-independent pathways upregulate Bax and
Bad to further decrease the prosurvival:proapoptosis ratio in the
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male AVPV. (iv) As a result, the death rate of GABA neurons
is higher in the male than in the female AVPYV, thus establishing
sexual dimorphism and sex-specific gonadotropin release pat-
terns. This testable model provides the opportunity to open a
new frontier in the field of sexual differentiation of the brain.
Studies testing this model are important because such diverse
stimuli as metabolic disturbances (42), alcohol (43), hypoxia
(44), pyrogenic agents (45), glucocorticoids (46), and antiin-
flammatory drugs (47) affect NF«B activity and may, therefore,
alter sexual differentiation processes and adversely affect adult
fertility.

Materials and Methods

Animals. All studies used brains from PND2 Sprague-Dawley rat pups (Harlan)
stored at —80 °C. Animal care and housing conditions were as described
previously (48).

Microarray Studies. We used rat apoptosis GEArray DNA microarrays (SABio-
sciences) to compare gene expression in pools of AVPV tissue microdissected
from male and female pups. Microdissections from 500-um cryosections
through the extent of the AVPV were pooled from 4 individuals (from 3
different litters) for each sample and we used 4 samples of each sex. RNA from
samples was isolated with the RNeasy Lipid Tissue kit (Qiagen) and then used
to prepare biotinylated cRNA probes using apoptosis GEArray kit reagents.
After prehybridization, we mixed 4 ug of biotinylated cRNA probe in hybrid-
ization buffer and incubated microarrays overnight at 60 °C.

After posthybridization washes, microarrays were processed for chemilu-
minescent detection as directed and apposed to Kodak BioMax X-ray film for
2-3 min. Resulting autoradiograms were uploaded to the SABiosciences Web-
site for data acquisition and statistical analysis (GEArray expression analysis
suite) using parameters described in S/ Text. We identified as positive only
genesthat differedsignificantly (P < 0.05, unpaired t-tests) between sexes and
differed in all 4 microarray sets. All genes that differed significantly showed
greater than 2-fold differences between sexes.

Validation of Microarray Findings Using QPCR and Western Blots. After reverse
transcription (MMLYV reverse transcriptase kit; Promega), we performed QPCR
using prevalidated primer sets (SABiosciences) for mRNAs encoding rTRIP
(PPR44232A), rBcl2 (PPR06577A), rBax (PPR06496B), rBad (PPR06535A), rTNF«a
(PPR06411E), and rTRAF2 (PPR55844A). We verified that rGAPDH (PPR0O6557A)
did not differ between sexes and used it as an internal control for normaliza-
tion. Details of QPCR are described in S/ Text. The AACt method was used to
analyze the data (49).

For Western blots to assess sex differences in TRIP, Bcl-2, Bax, Bad, and acti-
vated NFkB, we used AVPV tissue from 4 pools from each sex prepared as
described above. Western blots (detailed in S/ Text) were performed using the
following antibodies: Rabbit anti-TRIP polyclonal (1:200, CeMines), rabbit anti-
NF«B p65.

ISH Studies. We obtained 12-um cryosections through the POA of PND2 rats
for single- and dual-label ISH studies. Single-label ISH was performed as
described previously (50) using 33S-labeled cRNA probes for mRNAs encoding
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TNFR2, TRAF2, or TRIP. We generated transcriptional templates for each
target using standard PCR cloning methods (13) and primers described in SI.
After posthybridization washes, sections were placed against Kodak BioMax
X-ray film and developed after 7 days.

For dual-label studies performed as described previously (13), we combined
355-labeled cRNA probes to TNFR2, TRAF2, or TRIP mRNA with digoxigenin-
labeled cRNA probes to GAD mRNA. To detect GABAergic cells, we used a
mixture of 3 cRNA probes to GAD1 and 2 mRNAs (48). We detected digoxi-
genin-labeled probes with immunocytochemical methods, dipped slides in
NTB emulsion (Kodak), exposed for 3 weeks, and analyzed as described
previously (13). We first counted neurons positive for TRIPand GAD mRNA and
then determined the number of silver grains (signal for TRIP mRNA) overlying
cells with signal for GAD probes.

In Vitro Studies on the Role of TRIP in Cell Survival of GABA/Glu Neurons. N42
cells were grown under standard conditions in Dulbecco’s modified eagle
medium (DMEM,; Cellgro) supplemented with 10% vol/vol FBS (FBS; HyClone)
and 1% vol/vol penicillin-streptomycin-glutamine.

For studies on the effects of TNFa on the nuclear translocation of NF«kB, we
treated N42 cells with 100 U/mL TNFa or BSA for 30 min before isolating
protein for Western blots. Cells were similarly treated to determine effects of
TNFa on apoptosis, but included treatment with 1 mM H,0; as a positive
control and cellsincubated in growth medium with no treatment as a negative
control. Cell death was assayed after 12 h using CytoTox-Fluor cytotoxicity
assay kits (Promega) and a FLUOstar OPTIMA microplate reader (BMG
Labtechnologies).

Tosilence TRIP gene expression, we used 2 siRNA constructs simultaneously
(5101454649 and S101454635; Qiagen). We used a similar strategy to knock-
down GAPDH (5101009379 and S101009393), our internal control. We used
AllStars negative control siRNA (102728, Qiagen) and no-transfection con-
trols. After 24 and 27 h, we isolated mRNA and protein and determined
percentage knockdown by QPCR and Western blots. We used prevalidated
primers from SABiosciences for mTRIP (PPM03076E) and mGAPDH
(PPM02946E) for QPCR studies.

To determine the effect of TRIP knockdown on levels of NF«B, we treated
transfected cells with 100 U/mL TNF« for 30 min and isolated protein after 27 h.
In a separate TRIP knockdown study, we treated cells with 100 U/mL TNFa for
30 min to activate the NFkB, then added fresh medium, incubated cells for
12 h, and isolated RNA. QPCR was used to measure Bcl-2, Bax, and Bad mRNA
levels (with prevalidated primers from SABiosciences; mBcl-2, PPM02918E;
mBax, PPM02917E; and mBad, PPM02916E). We ran a similar study with
CytoTox-Fluor cytotoxicity assay kits (Promega) to examine effects of TRIP
knockdown on cell death.

Statistical Analyses. Sex differences in levels of various mRNAs measured by
QPCR, and in protein levels, numbers of GABA cells positive for TRIPmRNA and
cellular levels of TRIP in GABA neurons were detected using unpaired t-tests.
To probe effects of TNFa on cell death, we used 1-way ANOVA and post hoc
Bonferroni’s t-tests.
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