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Extinction during reconsolidation of threat memory
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Controlling learned defensive responses through extinction does
not alter the threat memory itself, but rather regulates its ex-
pression via inhibitory influence of the prefrontal cortex (PFC) over
amygdala. Individual differences in amygdala—PFC circuitry func-
tion have been linked to trait anxiety and posttraumatic stress
disorder. This finding suggests that exposure-based techniques
may actually be least effective in those who suffer from anxiety
disorders. A theoretical advantage of techniques influencing re-
consolidation of threat memories is that the threat representation
is altered, potentially diminishing reliance on this PFC circuitry,
resulting in a more persistent reduction of defensive reactions.
We hypothesized that timing extinction to coincide with threat
memory reconsolidation would prevent the return of defensive
reactions and diminish PFC involvement. Two conditioned stimuli
(CS) were paired with shock and the third was not. A day later, one
stimulus (reminded CS+) but not the other (nonreminded CS+)
was presented 10 min before extinction to reactivate the threat
memory, followed by extinction training for all CSs. The recovery
of the threat memory was tested 24 h later. Extinction of the non-
reminded CS+ (i.e., standard extinction) engaged the PFC, as pre-
viously shown, but extinction of the reminded CS+ (i.e., extinction
during reconsolidation) did not. Moreover, only the nonreminded
CS+ memory recovered on day 3. These results suggest that ex-
tinction during reconsolidation prevents the return of defensive
reactions and diminishes PFC involvement. Reducing the necessity
of the PFC-amygdala circuitry to control defensive reactions may
help overcome a primary obstacle in the long-term efficacy of
current treatments for anxiety disorders.
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fforts to control maladaptive defensive reactions through
extinction or exposure therapy are sometimes short-lived
because these techniques do not significantly alter the threat
memory itself, but rather regulate its expression via the pre-
frontal cortex’s (PFC) inhibition of the amygdala (1, 2). In-
dividual variation in the integrity of this amygdala—prefrontal
circuitry has been linked to trait anxiety and posttraumatic stress
disorder, suggesting that exposure-based techniques may be least
effective in those who suffer from anxiety disorders (3-9).
Recently, it has been shown in mice (10, 11), rats (12), and
humans (13-16) that precisely timing behavioral extinction to
coincide with memory reconsolidation can persistently inhibit
the return of defensive reactions (but see refs. 17-19 for a dis-
cussion of boundary conditions). Reconsolidation is the state to
which memories enter upon retrieval, which makes them prone
to interference (20-22). Behavioral interference of reconsolida-
tion using extinction has been linked to alterations in glutamate
receptor function in the amygdala, which plays a critical role in
memory plasticity (10, 12). These findings are consistent with the
suggestion that, in contrast to standard extinction training, ex-
tinction during reconsolidation may lead to long-lasting changes
in the original threat memory (13, 16, 23).
To date, the impact of extinction occurring during threat mem-
ory reconsolidation on PFC involvement is unknown in humans
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and other species. Animal studies of standard extinction training
(i.e., repeated presentations of a conditioned stimulus without the
aversive outcome) show that extinction learning and recall are
mediated via the infralimbic (IL) region of the medial PFC and its
connections with the amygdala; IL projections activate inhibitory
cells within the amygdala that block the generation of the defense
response (24, 25). Functional MRI (fMRI) studies of extinction in
humans typically show a decrease in blood-oxygenation level-
dependent (BOLD) signal in the ventral medial PFC (vmPFC;
the human homolog of IL) in acquisition and early extinction, and
a gradual increase in BOLD activity with the progression of ex-
tinction training (26, 27). If extinction occurs during reconsolida-
tion, how might the vimPFC’s role change? One possibility is that
processes occurring during reconsolidation alter the extinction
circuitry, diminishing vmPFC involvement. To test this hypothe-
sis, we used fMRI to examine the vmPFC during behavioral in-
terference of reconsolidation in humans.

BOLD responses were assessed during a 3-d protocol previously
shown to interfere with reconsolidation (16). On day 1, two con-
ditioned stimuli (CS+) were paired with a mild wrist shock (US,
unconditioned stimulus); the third was not (CS—). On day 2, one
CS+ (reminded CS+) but not the other (nonreminded CS+) was
presented 10 min before extinction to reactivate the threat memory,
followed by extinction training for all CSs. In this protocol, the
reminded CS+ is presumably undergoing extinction during
reconsolidation and the nonreminded CS+ is undergoing stan-
dard extinction training. On day 3, the threat memory was
reinstated using four unsignaled shocks, followed by a test of
recovery of the threat memory and another extinction session.

Significance

An advantage of targeting reconsolidation to control reactions
to learned threats is that the memory appears to be persistently
altered, not inhibited. When these memories are diminished
through extinction, the amygdala’s representation remains
largely intact and the prefrontal cortex inhibits its expression,
thus allowing the learned responses to recover. Targeting recon-
solidation, therefore, should eliminate the necessity of prefrontal
inhibition. We tested this hypothesis by contrasting standard
extinction with extinction occurring during reconsolidation.
We observed that behavioral interference of reconsolidation
appears to bypass the prefrontal circuitry of extinction, in-
ducing a more persistent loss of learned responses. Application
of this strategy, which targets underlying learned threat pro-
cesses, to fear and anxiety disorders may provide a more ef-
fective approach to treatment.
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We found that timing extinction training to coincide with
threat memory reconsolidation prevents the return of defensive
reactions, and indeed significantly diminishes PFC involvement.
During extinction, only the nonreminded CS+ engaged the vimPFC,
but not the reminded CS+ or the CS—. The vmPFC, moreover,
showed enhanced functional connectivity with the amygdala only
during extinction of the nonreminded, but not the reminded CS+.
This altered connectivity during extinction of the reminded CS+
may play a role in enabling extinction learning training to more
persistently modify the original threat-memory trace within the
amygdala, thus preventing the return of defensive reactions on
subsequent recovery tests. Reducing the necessity of the pre-
frontal-amygdala circuitry to control learned defensive reactions
may help overcome a primary obstacle in the long-term efficacy
of current treatments for anxiety disorders.

Results

Behavioral Interference of Reconsolidation. Consistent with behav-
ioral interference of reconsolidation (16), skin conductance
responses (SCR) showed no recovery for the reminded CS+ (Fig.
1). Specifically, on the first reextinction trial on day 3 we ob-
served greater SCR for the nonreminded CS+ relative to the
reminded CS+ (P < 0.01), and only the nonreminded CS+ sig-
nificantly differed from the CS— (P < 0.05). A threat-memory
recovery index was calculated as the first reextinction trial (first
trial on day 3) minus the last extinction trial (last trial on day 2)
for each of the CS+s minus the CS—. Importantly, the degree of
acquisition and extinction learning for each CS+ before the re-
covery test was equivalent (this was the inclusion criteria; see
Methods below). There was greater recovery for the nonreminded
CS+ than the reminded CS+ (P < 0.01) in early reextinction, and

only the nonreminded CS+ showed significant recovery (P < 0.05;
all comparisons two-tailed ¢ tests).

Neuroimaging of Extinction During Reconsolidation. Acquisition of
threat memory. Our primary regions of interests (ROI) were the
amygdala and the vmPFC. On day 1, BOLD responses in both
ROIs were consistent with previous studies of threat condition-
ing and did not differ for the reminded and nonreminded CS+s.
Specifically, the amygdala ROI [defined based on day 1 US >
baseline contrast, false-discovery rate (FDR) < 0.05] showed
greater BOLD activation to both the reminded and nonre-
minded CS+ relative to CS— during late acquisition (Ps < 0.05),
but not relative to each other (P > 0.5, not significant). The same
contrast yielded activation in the vmPFC, which was character-
ized by decreased BOLD response to both the reminded and
nonreminded CS+ relative to the CS— (P < 0.05), but not rela-
tive to each other (P > 0.9, not significant; all comparisons two-
tailed ¢ tests).

Extinction of threat memory. The primary BOLD analysis of interest
was day 2 extinction training. The amygdala ROI showed in-
creased BOLD signal on day 2 to both reminded and nonre-
minded CS+ in early extinction relative to CS—. As extinction
progressed, this differential activation diminished, mirroring the
diminished conditioned defensive responses during extinction
training (Fig. 2). These results were supported by a two-way
ANOVA on these difference scores with main factors time
(early, late) and CS type (reminded, nonreminded, relative to
CS-) yielding a significant main effect of time [F(; 36) = 6.34, P <
0.05] and no interaction (F < 1, not significant). Follow-up ¢ tests
showed that there was a significant differential BOLD increase
for both reminded and nonreminded CS+ during early but not
late extinction (P < 0.05).
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Fig. 1.

(A) Mean SCR (n = 19) by stimulus during late acquisition, extinction, and reextinction (second half); recovery test (first reextinction trial minus last extinction

trial) shows threat memory reinstatement only to the nonreminded CS+ (between dashed lines). (B) Recovery index: recovery in SCR (first trial day 3 minus last trial

day 2) for CS+ minus CS—
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. (C) Trial-by-trial mean SCR for each stimulus during acquisition, extinction, and reextinction. *P < 0.05 (two-tailed t-test).
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Fig. 2. (A) Amygdala ROl was defined based on the contrast US > fixation
onday 1 (FDR < 0.05; x = —17, y = =12, z = —4). (B) On day 2, the BOLD time
course of this region showed greater percent signal change to both re-
minded and nonreminded CS+ relative to CS— during early extinction. (C) As
extinction progressed, the amygdala mean differential p weights (CS+ minus
CS-) decreased for the reminded and nonreminded CS+. *P < 0.05 (one-
tailed t-test); error bars, SEM.

To test our primary hypothesis, we conducted a direct, whole-
brain contrast of the two CS+s during early extinction. This
process resulted in a single ROI in the vmPFC (Fig. 34) (P < 0.05,
corrected for multiple comparisons using cluster-level threshold
estimator). An examination of the BOLD pattern in this region
revealed that the nonreminded CS+ showed a decrease in BOLD
signal relative to the CS— in early extinction, consistent with
previous fMRI studies of extinction (26, 27). In contrast, the
BOLD response to the reminded CS+ was similar to the CS—.
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To assess if a similar vmPFC region emerged from a standard
extinction contrast, and to select an ROI for further exploration
independent of the critical reminded CS+ condition, we con-
ducted a second direct contrast of the nonreminded CS+ vs. CS—
during early extinction. This test revealed an overlapping vmPFC
ROI (P < 0.05, corrected) with the same pattern of BOLD re-
sponse (Fig. 3B). To explore how these vmPFC BOLD responses
changed during extinction training, we compared early to late
extinction for all three CSs (Fig. 3C). Consistent with previous
studies (26, 27), as extinction progressed, vmPFC BOLD acti-
vation to the nonreminded CS+ increased. In contrast, BOLD
responses did not change during extinction training to the
reminded CS+ or CS—. A two-way ANOVA yielded a significant
time x CS type interaction in the vmPFC [F(; 54y = 5.75, P <
0.01]. Follow-up ¢ tests showed that the vmPFC BOLD to the
nonreminded CS+ were significantly lower from the BOLD
responses to the reminded CS+, which did not differ from CS—.
As extinction progressed, the vmPFC BOLD responses increased
from early to late extinction only for the nonreminded CS+ (P <
0.01), but not for the reminded CS+ or CS-.

Previous research has shown that BOLD responses during ex-

tinction are linked to later expression of the threat memory (26,
27). Consistent with this finding, we found that the increase in
BOLD response to the nonreminded CS+ during extinction
showed a marginally significant correlation with the recovery index
(r=—-0.39, P < 0.06, one-tailed), such that the greater the BOLD
increase from early to late extinction on day 2, the less recovery of
the conditioned response on day 3. No such correlation was ob-
served for the reminded CS+ (r = —0.03, P = 0.45, one-tailed).
Condition-specific functional connectivity between vmPFC and amygdala
during extinction. We further examined the pattern of connectivity
during early extinction using the vmPFC ROI (from the reminded
vs. nonreminded CS+ contrast) as seed (FDR < 0.05). We found
robust coupling between vmPFC and amygdala (Fig. 44). Follow-
up psychophysiological interaction analysis (Fig. 4 B and C)
revealed that the correlation between these regions was signifi-
cantly stronger during the nonreminded CS+ versus the reminded
CS+ and CS— (P < 0.05, corrected).
Recovery of threat memory. On day 3, the amygdala ROI showed
evidence of a BOLD signal increase to the nonreminded CS+
versus the reminded CS+ during threat memory recovery (P < 0.05,
one-tailed ¢ test), consistent with Agren et al. (13), who tested the
effects of extinction during reconsolidation on the amygdala
BOLD signal during memory retrieval on day 3. No significant
BOLD activation in the vmPFC was observed at this stage.

Discussion

This study reveals the neural processes that mediate extinction
when it occurs during reconsolidation of the threat memory.
Standard extinction is well known to depend on the integrity of
the vmPFC (1, 2), and BOLD responses in this region tend to
increase with extinction learning (26-28). Here we show that
conducting extinction during reconsolidation may bypass this cir-
cuitry as it does not appear to engage the vmPFC. Our findings
further show that the amygdala and the vmPFC were differentially
involved when extinction of conditioned threat occurred during
memory reconsolidation. The amygdala BOLD response mirrored
the conditioned defensive SCR for all CSs. That is, there was in-
creased activation in response to both the reminded and nonre-
minded CS+, but not CS—, early in extinction, and this activation
diminished as extinction progressed. Thus, the pattern of amyg-
dala response did not differ when extinction occurred during
reconsolidation, consistent with the intact short-term threat
memory observed with SCR (21). The pattern of amygdala’s
functional connectivity with the vmPFC, however, did differ. These
two regions showed enhanced functional connectivity during the
extinction of the nonreminded CS+ (i.e., standard extinction) rela-
tive to the reminded CS+ (i.e., during reconsolidation) or the CS—.
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Fig. 3. (A) Direct contrast of reminded vs. nonreminded CS+ during early
extinction revealed only a vmPFC region (P < 0.05, corrected; BA 24). (B)
Contrasting nonreminded CS+ vs. CS— in early extinction revealed an over-
lapping vmPFC region (P < 0.05, corrected). The BOLD time course of the
nonreminded CS+ differed from the reminded CS+ during early extinction.
The reminded CS+ did not differ from baseline (or CS-). (C) In early extinction,
vmPFC mean BOLD responses (from the nonreminded CS+ vs. CS— in early
extinction contrast) to the nonreminded CS+ were significantly lower than to
the reminded CS+, which did not differ from CS—. As extinction progressed
(from first to second half of extinction), the vmPFC mean BOLD responses
increased only to the nonreminded CS+. Responses to the reminded CS+ and
CS—remained at baseline level and did not change over time. *P < 0.05 (two-
tailed t test); n.s., nonsignificant; error bars, SEM.

In rodents, behavioral interference of reconsolidation alters
molecular processes that underlie threat conditioning-induced
plasticity in the amygdala, suggesting different processing there
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during this protocol (10, 12). Here, our finding of stronger
coupling between the vmPFC and amygdala during the nonre-
minded CS+ versus the reminded CS+ and CS— suggests that
although there are similar amygdala BOLD response patterns
for both CS+s during early extinction, they may reflect different
mechanisms. Specifically, the coupling between the amygdala
and vmPFC may help establish an extinction memory for the
nonreminded CS+, whereas the reminded CS+ may undergo an
updating process whereby it is persistently altered. In contrast to
the amygdala, there was no evidence of vmPFC involvement
when extinction occurred during reconsolidation, consistent with
the hypothesis that targeting reconsolidation may reduce the
necessity for PFC inhibition.

Interestingly, limited PFC involvement has also been linked
to a more persistent reduction of conditioned defensive reac-
tions in two other circumstances: early in development when the
PFC is not fully formed and following vmPFC damage. Kim and
Richardson (29) have shown that the processes that mediate
extinction at different stages of development are qualitatively
different. In postweanling-aged rats (24-d-old) extinction was
“adult-like” in the sense that the extinguished threat memory
recovered following renewal, reinstatement, and spontaneous
recovery, the three major assays indicating that the extinguished
memory was never erased, only inhibited (30). Preweanling-aged
rats (17-d-old), however, did not display these phenomena. Ex-
tinction in 24-d-old rats, moreover, involved the core brain
regions of the extinction circuitry in adults (i.e., the amygdala
and the vimPFC), whereas in 17-d-old rats extinction engaged the
amygdala but not the vmPFC (31, 32).

These findings indicate that diminishing PFC involvement
changes the nature of extinction or exposure so that it is more
effective at preventing future defensive responses. Consistent
with this idea, Koenigs et al. (33) studied a unique group of
Vietnam War veterans who were not only exposed to emotion-
ally traumatic events but also suffered brain injury. The authors
found that veterans with damage either to the vmPFC (com-
prising the ventral portion of the medial PFC, below the level of
the genu of the corpus callosum, and medial portion of the or-
bital surface, as well as the subjacent white matter) or a temporal
lobe area that included the amygdala had substantially less oc-
currence of posttraumatic stress disorder. These results suggest
the intriguing hypothesis that the consequences of vmPFC dam-
age are not in releasing amygdala from inhibition (34), as one
might expect, but rather in inducing a fundamental change in the
memory processes occurring at the level of the amygdala itself.

Agren et al. (13) have recently examined that role of the
amygdala during the retrieval, or lack thereof, of a memory that
previously underwent extinction during reconsolidation. Consis-
tent with previous studies, a conditioned threat memory that
underwent standard extinction recovered a few days later, and
this recovery was accompanied by amygdala BOLD activation. In
contrast, a threat memory that underwent extinction during re-
consolidation did not recover and did not engage the amygdala,
a finding replicated in the present study. Agren et al., however,
only examined the outcome of extinction training during recon-
solidation. The present study examines the neural mechanisms
underlying the process of altering reconsolidation through pre-
cisely timed extinction training. At this stage, there is significant
amygdala activation, consistent with studies in rodents showing
active amygdala involvement in memory modification with this
technique (10). In contrast to standard extinction, there is no
significant evidence for vmPFC involvement (but see also ref.
35). In addition, there is a relative disconnect between the
amygdala and vmPFC. This altered connectivity may play a role
in enabling extinction learning to more permanently modify the
original threat memory trace, thus preventing the return of de-
fensive reactions on subsequent recovery tests.
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Fig. 4. (A) Functional connectivity during early extinction using the vmPFC ROI as seed revealed robust coupling with amygdala (FDR < 0.05). (B) Psycho-
physiological interaction (PPI) analysis revealed stronger vmPFC-amygdala coupling during the nonreminded CS+ versus the reminded CS+ and the CS— (P <

0.05, corrected). (C) Mean B weights from the PPI.

In conclusion, one hallmark of brain pathology in anxiety
disorders is dysfunctional vmPFC-amygdala interactions (3-9).
Here we found that extinction timed to coincide with threat
memory reconsolidation diminishes the involvement of the
vmPFC. By doing so, this threat prevention technique appears to
circumvent a circuit that has been suggested to play a critical role
in the development and expression of anxiety disorders.

Methods

Participants. Final analysis included 19 healthy participants (10 females, ages
18-34). The study was approved by the New York University Committee on
Activities Involving Human Subjects. All participants gave informed consent
and were paid for their participation. We verified that none of the partic-
ipants were taking any medication for psychiatric or neurological reasons.
To explore the pattern of BOLD responses during reconsolidation in-
terference, participants needed to meet three standard inclusion criteria for
studies examining the alteration of conditioned threat in humans and other
species (e.g., refs. 18, 36-38). First, the participants were required to show
measurable SCR on all 3 d, because this was the primary dependent measure.
Second, participants were required to show evidence of threat acquisition,
because it is impossible to examine the mechanisms of learned threat al-
teration if it is not first acquired. Because our study used an unusual two-CS+
design to optimize our BOLD analyses, we also added an additional criterion
of equivalent threat acquisition to both CS+s, because we cannot measure
relative differential learned threat alteration to the two CS+s if the level of
original threat acquisition differs. Third, given that our primary effect of
interest was threat memory recovery after extinction training, we excluded
participants who did not show equal and complete extinction to both CS+s.
Specifically, participants who showed measurable SCR levels (> 0.02 uS, n =
72) were excluded after day 1 if they failed to show equivalent conditioned
threat acquisition to the reminded and nonreminded CS+s (difference > 0.1 ps,
n = 43). Participants who failed to show equivalent extinction to the reminded
and nonreminded CS+s were excluded after day 2 (difference > 0.1 pS, n = 5).
An additional five participants displayed the opposite behavioral effect
(greater mean SCR of threat memory recovery to the nonreminded vs.
reminded CS+). Given our goal of examining the neural systems of recon-
solidation interference, we did not include these participants in our final
BOLD analysis because they did not show the behavior of interest, although
an exploratory analysis including these participants did not change the SCR
or BOLD results. When these participants were included there remained
significant threat memory recovery [first trial day 3 minus last trial day 2 for
CS+ minus CS-) only to the nonreminded CS+ (P < 0.05), but not to the
reminded CS+, P = 0.7; two-tailed t test].

Threat-Conditioning Paradigm and Physiological Assessment. The paradigm
consisted of three consecutive stages conducted 24-h apart: day 1, acquisition;
day 2, reactivation and extinction; and day 3, reinstatement and reextinction,
in a within-subject design. Day 1 consisted of a simple discrimination, partial
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reinforcement (38%) paradigm. Two colored squares (CS+; 4 s) coterminated
with a mild electric shock to the wrist (200 ms). A third (CS-) was never
paired with the shock. Acquisition included eight nonreinforced pre-
sentations of the two CS+s and the CS—, intermixed with an additional five
presentations of each CS+ with the shock, presented in a pseudorandom
order with a 12-s intertrial interval (ITl). On day 2, participants were
reminded of one of the CS+s (two 4-s presentations and a 5-s ITl). The other
CS+ and the CS— were not reminded. Participants then watched a video (BBC
Planet Earth) for 10 min before extinction training for all CSs. Extinction
included 10 trials of the reminded CS+, 11 of the nonreminded CS+, and 11
of CS— without the US. The day 3 recovery test began with four unsignaled
presentations of the US (25-s ITI) to reinstate the threat memory. After
a 10-min movie interval, participants underwent reextinction including 10
reminded CS+, 10 nonreminded CS+, and 11 CS— in a pseudorandom order
with the first trial always a CS— to capture the orienting response. The trial
order and color designation for CSs was counterbalanced across subjects.

Mild shocks were delivered through a stimulating bar electrode attached
with a Velcro strap to the right wrist. A Grass Medical Instruments stimulator
charged by a stabilized current was used, with cable leads that were mag-
netically shielded and grounded through an RF filter. The participants were
asked to set the level of the shock themselves, using a work-up procedure
before scanning. In this procedure, a participant was first given a very mild
shock (20 V, 200 ms, 50 pulses per second), which was gradually increased to
a level the participant indicated as “uncomfortable, but not painful” (with
a maximum level of 60 V). Skin conductance was assessed with shielded Ag-
AgCl electrodes, filled with standard NaCl electrolyte gel, and attached to
the middle phalanges of the second and third fingers of the left hand. The
electrode cables were grounded through an RF filter panel. The skin con-
ductance signal was amplified and recorded with a BIOPAC Systems skin
conductance module connected to a Macintosh computer. Data were con-
tinuously recorded at a rate of 200 samples per second. An off-line analysis
of the analog skin conductance waveforms was conducted with AcgKnowl-
edge software (BIOPAC Systems).

The level of skin conductance response was assessed for each trial as the
base-to-peak amplitude difference in skin conductance of the largest de-
flection (in microsiemens, pS) in the 0.5- to 4.5-s latency window following
stimulus onset. The minimal response criterion was 0.02 uS. Responses below
this criterion were encoded as zero. The raw skin conductance scores were
scaled according to each participant’s mean US response.

Neuroimaging Acquisition and Analysis. A 3T Siemens Allegra head-only
scanner and Siemens standard head coil (Siemens) were used for data ac-
quisition. Anatomical images were acquired using a T1-weighted protocol
(256 x 256 matrix, 176 1-mm sagittal slices). Functional images were ac-
quired using a single-shot gradient echo EPI sequence (TR = 2,000 ms, TE =
25 ms, FOV = 192 c¢m, flip angle = 75°, bandwidth = 4,340 Hz/px, echo
spacing = 0.29 ms). Thirty-nine contiguous oblique-axial slices (3 x 3 x 3-mm
voxels) parallel to the AC-PC line were obtained. Analysis of the imaging
data was conducted using BrainVoyager QX software package (Brain
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Innovation). Functional imaging data-preprocessing included motion
correction, slice-scan time correction (using sinc interpolation), spatial
smoothing using a 3D Gaussian filter (4-mm full-width half-maximum),
and voxel-wise linear detrending and high-pass filtering of frequencies
above three cycles per time-course.

Arandom-effects general linear model analysis was conducted on the fMRI
signal during the task with separate predictors for each stimulus type
(reminded CS+, nonreminded CS+, and CS-), at six stages: acquisition, ex-
tinction, and reextinction, each divided into early (first half) and late (second
half) phases. We used separate predictors for the reminded and nonre-
minded CS+ trials terminating with the shock during acquisition. This pro-
cess resulted in eight boxcar predictors for the acquisition stage, six for
the extinction stage, and six for the reextinction stage. Each predictor
corresponded to the length of each trial (4 s) and convolved with a stan-
dard canonical hemodynamic response function. Structural and functional
data of each participant were transformed to standard Talairach stereo-
taxic space (39). For each region of interest, we compared the mean BOLD
responses to the reminded CS+, nonreminded CS+, and CS— at each phase.
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To examine condition-specific functional connectivity, each participant’s
BOLD signal time-course of the vmPFC (ROI defined by the reminded vs.
nonreminded CS+ contrast during early extinction on day 2; P < 0.05; cor-
rected for multiple comparisons based on cluster-level threshold estimation)
was extracted and averaged across voxels. A general linear model was
constructed for each participant including the vmPFC time-course, which
served as a seed region, the regressors for the different conditions, and
separate regressors calculated as the seed region time-course multiplied by
each condition’s regressor (reminded CS+, nonreminded CS+, and CS-). We
then contrasted these weighted regressors (P < 0.05, corrected) to examine
which regions showed higher functional connectivity with the vmPFC in the
nonreminded vs. reminded CS+ condition.
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