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the magnetic field protocol described above
(Fig. 3, J and M, “ON”) (Student’s ¢ test, P <
0.02). In these mice, we also found evidence of
field-evoked up-regulation of c-fos in the me-
dial prefrontal cortex (mPFC) (Fig. 3, K and N,
“ON”) (Student’s ¢ test, P < 0.02) and nucleus
accumbens (NAc) (Fig. 3, L and O, “ON”) (Stu-
dent’s ¢ test, P < 0.002), which are known to
receive excitatory inputs from VTA neurons
(26, 29). In the absence of stimulation, neurons
in the VTA near the MNP injection site and
the neurons in the mPFC and NAc did not ex-
hibit increased c-fos expression (Fig. 3, J to O,
“OFF”).

‘We compared the biocompatibility of the MNP
injection with a similarly sized stainless steel
implant (fig. S9). The interface between the MNP
injection and the tissue exhibited significantly
lower glial activation and macrophage accu-
mulation and higher proportion of neurons, as
compared with that of the steel implant 1 week
and 1 month after surgery (fig. S9, A to F). The
improved tissue compatibility can likely be at-
tributed to the mechanically pliable nature of the
MNP injection and sequestration via endocytosis
(12, 13). No difference in neuronal or glial density
was observed between brain tissue of stimulated
and unstimulated mice, suggesting that the rap-
idly dissipated magnetothermal cycles cause min-
imal thermal damage to the surrounding tissue
(fig. S9G).

We demonstrated widespread and repeat-
able control of cellular signaling in nonexcitable
and electroactive cells using wireless magneto-
thermal stimulation in vitro and in vivo. Finer
control over stimulation intensity to facilitate
applications of this approach to problems in
systems neuroscience can be achieved by fur-
ther reducing the latency between field onset
and evoked neural firing by developing MNPs
with high specific loss powers (30) and by in-
troducing heat-sensitive ion channels with low-
er thermal thresholds (31). Mechanosensitive
potassium and chloride channels may serve
as potential mediators of magnetothermal in-
hibition (32). Although demonstrated for chronic
stimulation of targeted neural circuits, this mag-
netothermal paradigm may be formulated to
trigger thermosensitive ion channels endoge-
nously expressed in the peripheral nervous sys-
tem (17), enabling wireless control in deep tissue
regions that currently pose substantial chal-
lenges to bioelectronic medicines (33).
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Intergenerational transmission of
child abuse and neglect: Real or

detection bias?

Cathy Spatz Widom,'* Sally J. Czaja,' Kimberly A. DuMont®

The literature has been contradictory regarding whether parents who were abused as
children have a greater tendency to abuse their own children. A prospective 30-year
follow-up study interviewed individuals with documented histories of childhood abuse and
neglect and matched comparisons and a subset of their children. The study assessed
maltreatment based on child protective service (CPS) agency records and reports by parents,
nonparents, and offspring. The extent of the intergenerational transmission of abuse and
neglect depended in large part on the source of the information used. Individuals with
histories of childhood abuse and neglect have higher rates of being reported to CPS for
child maltreatment but do not self-report more physical and sexual abuse than matched
comparisons. Offspring of parents with histories of childhood abuse and neglect are more
likely to report sexual abuse and neglect and that CPS was concerned about them at some
point in their lives. The strongest evidence for the intergenerational transmission of
maltreatment indicates that offspring are at risk for childhood neglect and sexual abuse,
but detection or surveillance bias may account for the greater likelihood of CPS reports.

or years, the notion that abused children
grow up to become abusive parents has been
widely accepted in the field of child abuse
and neglect (I-3). However, because many
other factors in a person’s life (such as nat-
ural abilities, biological or genetic predisposi-
tions, or intervening relationships) may mediate
the effects of child abuse and neglect, assessing
the intergenerational transmission of abuse and

neglect is challenging. Although some studies
have provided empirical support for the inter-
generational transmission of child abuse (4-10),
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Table 1. Child protective service agency records by childhood history
of abuse or neglect. The percentages reported here are based on in-
dividuals known to have lived within the original state at some point in their
lives (N = 1147; see the supplementary materials for more details).

or neglect.

Numbers for the specific types of abuse and neglect add up to more than
the total for the abuse/neglect group overall because there is a small
percentage of the subjects (10%) who have more than one type of abuse

Type of abuse and/or neglect experienced in childhood by G2 participants

Comparison

group Abuse/Neglect Physical abuse Sexual abuse Neglect
(N = 457) (N = 650) (N = 108) (N = 104) (N = 511)
Child protective o by AOR by AOR AOR by AOR
service report ° ° (95% Cl) ° (95% Cl) (95% Cl) °  (95% CI)
2.01 2.03 343 1.88
Any maltreatment 17 L4 qapogspxe 185 (1102373 200 (186 p3ayx 2Ll (130-0 70y
. 1.26 111 113 1.30
Physical abuse o4 69 (075-212) 56 (040-304) (0.39-3.23) 74 (076-2.23)
2.31 3.90 4.49 2.20
Sexual abuse 34 7 2a-azop MY a39-1002¢ 100 qeaspoeyer 78 (115 410y
2.06 1.89 340 1.96
Neglect 95 180 qapzon 139 (096-369) 221 75-658) 18 (130-201y%
. . 2.53 2.56 4.07 2.25
Failure to provide 3.6 94 (1.45-4, 39y 74 (0.99-6.59)* 125 (1.63-10.16)*** 8.8 (1.26-4.02)**
. 176 1.37 2.55 179
Lack of supervision 8.2 14.2 (118-2.65)%* 9.3 (0.62-3.00) 154 (1.20-5 44 14.7 (117-2.73)*

*P < 0.05; **P < 0.01; ***P < 0.001

other researchers have found no evidence for
transmission (171-14). Critical reviews have called
attention to serious methodological limitations
of research examining this question (15-20). To
date, studies are primarily cross-sectional snap-
shots, rather than prospective longitudinal studies
in which children are followed up and assessed in
adulthood. Studies that work backward from a
population of abusive parents and inquire about
their childhood histories may lead to an inflated
rate of transmission because individuals who were
abused but did not become abusive as a parent are
not represented (8, 18, 20). Finally, theoretical
explanations (21, 22) and empirical research have
focused on the transmission of physical abuse,
largely ignoring the role of childhood sexual
abuse and neglect in the intergenerational trans-
mission of child maltreatment.

The present study was designed to overcome
many of the methodological limitations of pre-
vious work. We used a prospective cohorts de-
sign (23, 24), in which both groups were free of
the “outcome” (i.e., intergenerational transmission)
at the time they were selected for the study. We
used court-substantiated cases and thus avoided
ambiguity and potential biases associated with
retrospective recall (19, 20). We included a com-
parison group matched as closely as possible for
age, sex, race, and approximate social class be-
cause it is theoretically plausible that any rela-
tionship between child abuse or neglect and later
outcomes is confounded or explained by social
class differences. We ascertained outcomes using
multiple sources of information (parent and non-
parent self-reports, offspring report, and child
protection agency records) and multiple mea-
sures from standardized instruments. Details
of methods and materials are available as sup-
plementary materials on Science Online. Although
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our primary focus was on the parent’s behavior
toward their biological offspring, we also included
an assessment of abuse of other children (nonoff-
spring). We tested whether individuals who have
documented histories of abuse or neglect in child-
hood continue the intergenerational transmission
of child abuse toward their own offspring or some-
one else’s children. We also examined whether
different types of child maltreatment (physical
abuse, sexual abuse, and neglect) are passed on
from one generation to the next.

The simplest model of intergenerational trans-
mission is illustrated by the direct relationship
across generations: G1— G2 — G3. The G1 indi-
viduals (the first generation) are the parents of
the G2 individuals (second generation), who
have been participants in our longitudinal study
and are now adults. G2 individuals represent those
with documented histories of childhood abuse or
neglect and those who represent the comparison
group without documented histories of abuse or
neglect. The offspring of the G2 individuals are
the G3, or third generation.

The original sample was composed of 908 G2
children with documented cases of abuse and
neglect during the years 1967 through 1971 in a
Midwestern county area and a matched compar-
ison group of children (N = 667) from the same
neighborhoods. The study was begun as an ar-
chival records check with a search of criminal
histories for both groups (25). The first in-
person interviews were conducted from 1989
to 1995, when G2 participants were on average
29 years old (IV = 1196). Since that time, three
additional interviews have been conducted with
these participants (see table S1 for a chronology
of the study and the supplementary materials
and methods for details of the design of the study
and participants). For the purpose of assessing

the intergenerational transmission of abuse and
neglect, we conducted interviews in 2009 and 2010
with 649 of the original G2 participants (mean
age 47.0) and a subset of G3 offspring (V = 697,
mean age 22.8). During 2011 to 2013, child pro-
tective service (CPS) agency records in the orig-
inal state were searched for the entire sample
and their children, and information was extracted
and coded (26). Details of attrition and selection
bias are provided in the supplementary materials.
Despite attrition (see table S2), multiple analyses
indicated that child maltreatment status was not
a significant factor in nonparticipation in the last
wave of the study. There was no difference be-
tween the abuse/neglect group and the compar-
ison group in the prevalence of having children
(at the first interview, 72.4% of the comparison
group and 72.6% of the abuse/neglect group re-
ported having at least one child; P = 0.94;).
Because there is no single gold standard to
assess child maltreatment, we used multiple
sources of information, multiple measures to as-
sess different types of maltreatment, and multi-
ple time points when information was collected.
Table 1 shows the percentage of G2 individuals in
the abuse/neglect and comparison groups who
have CPS agency records for any child maltreat-
ment and specific types of physical abuse, sexual
abuse, and neglect. G2 adults with documented
histories of childhood abuse or neglect are twice
as likely to be reported to CPS because their child
was maltreated compared with matched compa-
risons. Overall, about a fifth of G2 individuals
(21.4%) with documented histories of childhood
abuse or neglect were reported to CPS agencies
compared with 11.7% of matched comparisons
[adjusted odds ratio (AOR) = 2.01; 95% confi-
dence interval (CI) = 1.42 to 2.85; P < 0.001, con-
trolling for G2 age, sex, and race, and childhood
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Table 2. G2 parent and nonparent self-reports of perpetration of child
abuse and neglect. The reference group is the Comparison group. CTS,
Conflict Tactics Scale, severe/very severe violence; CEQ, Childhood Experiences
Questionnaire; NA, not applicable. For reports of physical abuse, the unadjusted

ORs are 1.14, 1.00, 1.33, and 1.14 for nonparent G2s with histories of abuse/
neglect overall, physical abuse, sexual abuse, and neglect, respectively. Due to
the effects of control variables and small sample sizes here, the AORs appear
inconsistent with raw percentages for G2 nonparents’ reports of physical abuse.

Comparison Abuse/Neglect Physical Sexual Neglect
group abuse abuse
G2 parent self-reports
N 257 304 42 49 244
Type of abuse or % % AOR % AOR % AOR % AOR
neglect reported (95% CI) (95% ClI) (95% ClI) (95% CI)
Physical 239 264 101 317 149 313 114 24.9 0.95
abuse (CTS) (0.67-1.54) (0.67-3.29) (0.55-2.37) (0.61-1.48)
Sexual abuse 19 33 1.69 24 148 0.0 NA 37 175
(0.56-5.08) (0.15-14.63) (0.57-58.40)
Neglect (CTS) 514 53.2 102 537 1.08 479 0.83 54.3 1.05
(0.72-1.45) (0.53-2.17) (0.42-1.64) (0.72-1.52)
Neglect (CEQ) 29.0 417 1.83 39.0 1.52 34.0 1.65 427 1.92
(1.25-2.67)*** (0.73-3.20 (0.79-3.42) (1.29-2.86)***
G2 nonparent self-reports
N 34 54 12 5 42
Type of abuse or % % AOR % AOR % AOR % AOR
neglect reported (95% CI) (95% ClI) (95% ClI) (95% CI)
Physical abuse 265 315 1.03 25.0 1.68 40.0 0.85 310 0.86
(0.37-2.87) (0.29-9.69) (0.04-18.68) ' (0.28-2.63)
Sexual abuse 2.9 19 042 0.0 NA 0.0 NA 24 NA
(0.01-21.27)
*P < 0.05; **P < 0.01; ***P < 0.001
Table 3. G2 previous self-reports of trouble in relation to parenting. Excludes parents who did not report having children.
Cong1::,atll"|)son Abuse/Neglect Physical abuse Sexual abuse Neglect
% % AOR % AOR % AOR % AOR
(95% CI) (95% ClI) (95% CI) (95% ClI)
Mean age 29.2
During past year, 16 47 3.85 2.6 2.76 2.6 3.03 5.7 453
child was placed in (1.44-10.29)** (0.48-15.83) (0.48-19.13) (1.68-12.21)***
custody of courts
N 373 487 78 77 384
Mean age 40.5
During past year, 1.3 4.8 377 16 1.19 38 3.02 56 4.29
child was placed in (1.25-1.35)* (0.12-11.80) (0.46-19.64) (1.46-13.46)**
custody of courts
N 298 377 61 52 304
Mean age 47.1
During past year, 1.2 2.5 373 2.6 NA 0 NA 2.6 362
child was placed in (0.76-18.33) (0.73-18.02)
custody of courts
N 243 282 38 45 228

*P < 0.05; **P < 0.01; ***P < 0.001

neighborhood advantage and disadvantage]. These
rates vary by type of child maltreatment being
perpetrated, with increased risk for sexual abuse
(AOR = 2.31, 95% CI =1.24 to 4.30, P< 0.001) and
neglect (AOR = 2.06; 95% CI = 142 to 3.01; P <
0.001) but not for physical abuse (AOR = 1.26,
95% CI = 0.75 to 2.12, not significant).

The intergenerational transmission hypothe-
sis predicts that experiencing physical abuse in
childhood will lead to increased risk for physi-
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cally abusing one’s own children. Table 1 also
presents our results showing the extent to which
the type of maltreatment experienced as a child
by G2 predicts a differential likelihood of mal-
treating a child. G2 individuals with any child-
hood abuse and neglect were reported to CPS more
often than comparisons for any maltreatment,
sexual abuse, and neglect but not for physical
abuse. In sum, these results indicate that G2
adults with histories of childhood abuse and

neglect are at increased risk for being reported
to CPS agencies for sexual abuse and neglect
but not for physical abuse, compared with matched
comparison group subjects.

In addition to any involvement with CPS, we
examined the number of reports filed against a
G2 individual and the chronicity of reports. Of
those G2 with an official CPS report (N = 213),
50.2% (106) have one report, 22.3% (47) have two
reports, 10.0% (21) have three reports, and 17.5%

sciencemag.org SCIENCE
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Table 4. G3 offspring reports of experiencing child abuse and neglect. Comparisons are to the controls. LONGSCAN, LS; LS 0-11 refers to the time period
from ages O to 11; LS 12-17 refers to ages 12 to 17; AH, Adolescent Health; LTVH, Lifetime Trauma and Victimization History; CTS, Conflict Tactics Scale; CEQ,

Childhood Experiences Questionnaire.

G2 parent histories

Comparison Abuse/Neglect Physical abuse Sexual abuse Neglect
group (N = 245) (N = 35) (N =37) (N =197)
(N = 209)
G3 offspring report of % AOR % AOR % AOR % AOR
abuse or neglect (95% ClI) (95% CI) (95% CI) (95% CI)
Physical abuse 74.6 674 0.75 62.9 0.88 64.9 0.73 68.0 0.75
(LS 0-11) (0.49-1.16) (0.38-2.01) (0.31-1.71) (0.47-1.18)
Physical abuse 49.8 54.5 1.29 514 1.37 45.9 113 55.2 1.34
(LS 12-17) (0.87-1.92) (0.62-3.02) (0.51-2.53) (0.88-2.04)
Physical 20.7 26.9 148 257 1.64 18.9 1.01 278 1.55
abuse (AH) (0.93-2.36) (0.68-3.95) (0.39-2.63) (0.95-2.52)
Physical 22.9 271 1.25 324 1.65 27.0 116 26.0 1.23
abuse (LTVH) (0.80-1.97) (0.72-3.76) (0.50-2.72) (0.76-1.98)
Sexual abuse 15.8 24.1 1.46 25.7 2.03 24.3 1.54 24.4 140
(LS 0-11) (0.89-2.38) (0.83-4.95) (0.60-3.91) (0.83-2.36)
Sexual abuse 129 16.3 1.06 171 1.76 10.8 0.50 173 109
(LS 12-17) (0.61-1.84) (0.63-4.90) (0.14-1.82) (0.61-1.94)
Sexual 4.0 13.0 3.03 114 375 5.7 170 136 311
abuse (AH) (1.34-6.87)** (0.92-15.34) (0.29-9.92) (1.34-7.21)**
Sexual 147 22.9 1.55 23.3 1.82 22.2 145 231 1.51
abuse (LTVH) (0.92-2.60) (0.69-4.83) (0.54-3.87) (0.88-2.60)
Neglect (CTS) 59.0 69.0 1.58 76.5 2.65 757 3.07 674 144
(1.03-2.40)* (1.10-6.39)* (1.15-8.17)* (0.92-2.26)
Neglect (AH) 59.8 65.0 142 62.9 1.55 70.3 1.81 64.6 1.38
(0.95-2.13) (0.69-3.47) (0.77-4.25) (0.90-2.11)
Neglect (CEQ) 40.1 481 1.51 344 0.77 472 1.51 476 149
(1.0-2.30)* (0.33-1.80) (0.69-3.31) (0.96-2.33)
Was CPS ever 74 16.7 2.51 206 3.83 18.9 4.76 157 2.27
concerned? (1.31-4.83)** (1.32-11.16)** (1.48-15.34)** (1.14-452)*
Any of the above 90.0 90.2 113 914 1.54 89.2 112 90.9 1.23
(0.59-2.15) (0.42-5.75) (0.29-4.34) (0.61-2.45)

*P < 0.05; **P < 0.01 ***P < 0.001

(37) have four or more reports. There were no
differences between G2 individuals with histories
of abuse and/or neglect and comparison group
members in the chronicity or mean number of
reports (abuse/neglect M = 2.64, SD = 2.96; com-
parison M = 2.37, SD = 2.35).

Because official agency records represent only
a portion of child maltreatment that occurs—
that is, only that which comes to the attention of
the authorities—researchers depend heavily on
self-reports by parents or other caregiving adults
for information about whether they have abused
or neglected their children or someone else’s
children. The top of Table 2 shows our results
based on G2 parents’ self-reports of perpetrating
physical and sexual abuse and neglect. In con-
trast to the results in Table 1, Table 2 shows that
G2 individuals with documented histories were
not more likely to report that they had physically
or sexually abused their children. G2 parents
with histories of childhood abuse/neglect (and
those with histories of neglect) reported that they
had engaged in behaviors that are considered neg-
lectful more often than comparison parents. This
increased risk for neglect (based on one of the
two measures used) was found for the maltreated
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group overall (41.7% versus 29.0%, respectively;
AOR = 1.83, P < 0.001) and those with histories of
neglect (42.7% versus 29.0%, AOR = 1.92, P < 0.001).
The bottom part of Table 2 shows that there were
no significant differences in the extent of phys-
ical and sexual abuse reported by G2 nonparents
(abuse/neglect versus comparisons).

During earlier waves of the study, we asked G2
participants whether they had experienced a va-
riety of stressful life events during the past year.
This information was collected during interviews
when the G2 abused/neglected individuals and
matched comparisons were mean age 29.2 (1989
t0 1995), mean age 40.5 (2003 to 2005), and mean
age 47.1 (2009 to 2010). Table 3 shows that at
approximate age 29, almost 5% of G2 individuals
with documented histories of childhood abuse
and/or neglect (AOR = 3.85, 95% CI = 1.44 to
10.29, P < 0.01) and 5.7% of G2 with histories of
neglect (AOR = 4.53, 95% CI = 1.68 t0 12.21, P <
0.001) reported having had a child placed in
the custody of the courts during the past year,
compared with 1.6% of the comparisons

Approximately 12 years later, G2 adults with
histories of abuse/neglect overall and neglect spe-
cifically were again more likely to report having a

child placed in custody of the courts within the
past year (4.8%, AOR = 3.77, 95% CI = 1.25 to 1.35,
P < 0.05, and 5.6%, AOR = 4.29, 95% CI = 146 to
13.46, P < 0.01, respectively), compared with 1.3%
of the controls. In the last interview (mean age 47),
the G2 groups did not differ significantly, although
twice as many G2 individuals with histories of
abuse/neglect and neglect in particular reported
having a child placed in the custody of the courts.

Thus far, the information presented has focused
on the G2 parent generation. Because one might
be skeptical of abusive parents’ willingness to
report on their own behavior, it was important to
have an additional assessment based on reports
by G3 offspring of these individuals, along with
official CPS reports. We used multiple self-report
measures of physical abuse, sexual abuse, and
neglect (see the supplementary materials for more
detail) to ascertain whether the G3 offspring of
individuals with documented histories of child-
hood abuse and neglect compared to offspring of
nonmaltreated comparisons reported having been
abused or neglected (see Table 4). G3 offspring
of G2 parents with any history of abuse and/or
neglect and neglect were significantly more likely
to report having been sexually abused on one
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G2 Parent: Control
ooy
G3 Offspring: Control
P 15%

of three measures, compared with reports by G3
offspring of parents without such histories. G3
offspring of G2 parents with histories of abuse/
neglect overall and histories of physical and sex-
ual abuse reported higher rates of being neglected
than controls.

The bottom of Table 4 shows that more than
twice as many of the G3 offspring of previously
maltreated G2 individuals answered affirmatively
to a question about whether “CPS was ever con-
cerned about you” (16.7% of the G3 offspring of G2
abused/neglected individuals compared with 7.4%
of the comparison group offspring, AOR = 2.51,
95% CI = 1.31 to 4.83, P < 0.01). G3 offspring of
G2 parents with all three types of maltreatment
were also more likely to report that CPS was con-
cerned about them (G3 offspring of G2 parents
with histories of physical abuse = 20.6%, sexual
abuse = 18.9%, and neglect = 15.7% compared with
7.4% of the comparison group offspring).

Finally, because of concerns about a possible
detection or surveillance bias that may occur with
increased surveillance of families involved with
CPS, we also examined the extent to which par-
ticipants (G2 and G3) who self-report child mal-
treatment have a CPS report. Presumably, because
these individuals have reported that they either
engaged in child maltreatment (G2 parents) or
were the victim of child maltreatment (G3 off-
spring), we should expect approximately equal
rates of official CPS reports, even though the
concordance between self-reports and CPS reports
is expected to be low (27, 28). Figure 1 shows that
the detection rates for maltreatment are not
equivalent across the groups. G2 parents with
documented histories of childhood abuse and
neglect are two and a half times more likely to
have a CPS report than comparison parents (30.9%
versus 15.0%, AOR = 2.53, 95% CI = 1.53 to 4.13,
P = 0.000), suggesting a detection or surveil-
lance bias. Similarly, among the G3 offspring
who reported being abused or neglected, 29.3%
of those whose parents had documented histories

1484 27 MARCH 2015 » VOL 347 ISSUE 6229

OR =2.53***

Abuse/Neglect

1 31%

Abuse/Neglect

g//’/// _ 2 29%
85%
OR =2.28*

Detected

Fig. 1. Rates of child protective system detection among G2 parents who report engaging in,
and G3 offspring who report being the victim of, child abuse and/or neglect.

Not detected

of childhood abuse or neglect were detected (that
is, had an official CPS report), compared with
15.4% of the comparison group (whose parents
did not have documented histories of childhood
abuse or neglect), with an AOR = 2.28, 95% CI =
1.32 to 3.79, P < 0.003.

These findings suggest that our understanding
of the intergenerational transmission of child
abuse and neglect is more complex and chal-
lenging than expected. G2 parents with histories
of childhood abuse or neglect are more likely to
have G3 children who are reported to CPS agen-
cies. Parents with histories of childhood abuse
and neglect are more likely to report neglect of
their offspring, but not physical or sexual abuse,
compared to parents without documented his-
tories of abuse and neglect. Offspring of parents
with histories of childhood abuse and neglect are
more likely to report being sexually abused and
neglected. However, differences in these results
make clear that the substance and extent of the
intergenerational transmission of abuse and neg-
lect depend in large part on the source of the
information used to assess maltreatment. Hav-
ing only one source of information may lead to
incorrect conclusions.

The strongest evidence for the intergenerational
transmission of maltreatment indicates that off-
spring are at risk for neglect and sexual abuse.
Contrary to most theories, we found little evi-
dence of the intergenerational transmission of
physical abuse. Our findings were consistent
across sources (G2 parent self-reports, G3 off-
spring reports, and CPS reports) that individuals
with histories of child maltreatment were not at
increased risk to physically abuse their children.
Some have speculated that public education ef-
forts to call attention to physical abuse and cor-
poral punishment have had an effect on society
and attitudes toward abuse (29) or, at a mini-
mum, that these efforts have had an effect on
willingness to report physical abuse. There is
also trend data showing decreases in rates of

physical abuse in national statistics (30). On the
other hand, given that we found an increased
risk for sexual abuse and neglect, it is not im-
mediately apparent why these types of child
maltreatment would not be subject to the same
societal changes or attitudes.

Although there are numerous strengths asso-
ciated with this research, several caveats need to
be kept in mind. G2 abuse and neglect cases in
this study were identified through official records
from 40 years ago and represent children whose
cases were processed through the courts. Many
cases are not reported and never come to the at-
tention of the authorities. Also, the abuse/neglect
cases and comparisons in this study are predom-
inantly from lower socioeconomic strata, and the
association between poverty and child maltreat-
ment (31) may in part explain the high rates of
maltreatment in the sample in general. Thus,
these findings may not be generalizable to unre-
ported cases of abuse and neglect and to children
from middle- or upper-class families who were
abused or neglected. However, these results sug-
gest the need for expanded prevention services
and parent support within low-income commu-
nities. These findings are also not generalizable to
abused and neglected children who were adopted
in infancy or early childhood, because these cases
were excluded from the sample. It is also possible
that these findings represent an underestimate
of the extent of child abuse and neglect perpe-
tration, given that we may have missed older or
sealed cases or cases that were lost over time.
Finally, we are not able to report on the extent to
which genetic factors may contribute to the in-
tergenerational transmission of child abuse and
neglect.

It is not easy to determine causality for any
human behavior, especially in the natural envi-
ronment, where, in contrast to the laboratory,
comparisons are not easy to achieve. However,
results based on this study’s cohort design lead
us to conclude that further research is needed
to understand the mechanisms underlying the
intergenerational transmission of neglect and
sexual abuse. These findings also have impli-
cations for child protective service systems that
may be disproportionately scrutinizing fami-
lies with past histories of child maltreatment,
while overlooking instances of child abuse and
neglect among families in the broader public. Re-
search is needed to understand whether these
families present more opportunities for inter-
vention (e.g., are using more services) or whether
they are truly more dysfunctional.
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SNARE PROTEINS

Spring-loaded unraveling of a single
SNARE complex by NSF in one round

of ATP turnover

Je-Kyung Ryu,?* Duyoung Min,?* Sang-Hyun Rah,">* Soo Jin Kim,? Yongsoo Park,*
Haesoo Kim,? Changbong Hyeon,” Ho Min Kim,® Reinhard Jahn,*t Tae-Young Yoon">t

During intracellular membrane trafficking, N-ethylmaleimide-sensitive factor (NSF) and
alpha-soluble NSF attachment protein (a-SNAP) disassemble the soluble NSF attachment
protein receptor (SNARE) complex for recycling of the SNARE proteins. The molecular
mechanism by which NSF disassembles the SNARE complex is largely unknown. Using
single-molecule fluorescence spectroscopy and magnetic tweezers, we found that NSF
disassembled a single SNARE complex in only one round of adenosine triphosphate
(ATP) turnover. Upon ATP cleavage, the NSF hexamer developed internal tension with
dissociation of phosphate ions. After latent time measuring tens of seconds, NSF released
the built-up tension in a burst within 20 milliseconds, resulting in disassembly followed
by immediate release of the SNARE proteins. Thus, NSF appears to use a “spring-loaded”
mechanism to couple ATP hydrolysis and unfolding of substrate proteins.

oluble N-ethylmaleimide-sensitive factor

(NSF) attachment protein receptor (SNARE)

proteins are the essential molecular machin-

ery for intracellular membrane fusion in

eukaryotic cells (7). Synaptic exocytosis is
among the best studied, in which synaptic vesicle-
associated VAMP2 engages with syntaxin-1A and
SNAP-25 on the presynaptic membrane to form
the neuronal SNARE complex (2, 3). Although
the formed SNARE complex is very stable after
synaptic vesicle fusion (4-6), the complex must
be disassembled for reuse of the SNARE proteins,
requiring a specialized molecular machinery, con-
sisting of NSF and alpha-soluble NSF attachment
protein (a-SNAP) (7-12).

NSF belongs to the type IT adenosine triphos-
phatase associated with various cellular activities
(AAA+) family, which assembles into a homohex-
amer (13-15). Despite the fundamental role of NSF
in synaptic transmission (7, 9, 16), surprisingly little
is known about how its adenosine triphosphate
(ATP) hydrolysis cycle is coupled to disassembly of
the SNARE complex. The NSF hexamer may dis-
assemble a SNARE complex by unwinding it in a
processive manner, similar to translocation of
AAA+ adenosine triphosphatases (ATPases) on
DNA or peptide substrates (17, 18). Alternatively,
NSF may exploit a critical conformational tran-
sition to evoke the disassembly of the SNARE
complex largely in one step (79). It is not clear
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how many cycles of ATP hydrolysis are needed
and how these cycles are organized to disas-
semble the extraordinarily stable SNARE complex.

To gain insight into these questions, we first
formed single SNARE complexes on surface-
immobilized vesicles (20, 21), which were ob-
served as single-molecule fluorescence spots when
viewed with total internal reflection (TIR) micros-
copy (Fig. 1, A and B, and fig. S1). Here the soluble
part of VAMP2 was used and labeled with the
Cy3 dye. We subsequently injected o-SNAP and
then the NSF hexamers (2, 11, 12) along with ATP
and Mg>* ions (Fig. 1, A and C, and fig. SIA). After
5 min of reaction, we counted the number of
fluorescence spots.

We observed that the fluorescence spots dis-
appeared only when o-SNAP, NSF, ATP, and Mg?*
were added (Fig. 1, B and D). When any one
component was missing or either nonhydrolyz-
able ATPyS or a-SNAP L294A mutant that abol-
ished ATP hydrolysis in NSF (22) was used, no
disappearance of Cy3-labeled spots was observed
(Fig. 1D). Thus, the disappearance of Cy3 spots
strictly depended on the presence of both o-SNAP
and NSF and also on ATP hydrolysis by NSF,
indicating that the disassembly of single SNARE
complexes induced by NSF and o-SNAP was re-
constituted on our single-molecule fluorescence
microscope.

We next attempted to differentiate between
NSF binding and ATP hydrolysis. This time, we
introduced NSF with ATP and EDTA to induce
ATP-dependent NSF binding but without hydro-
lysis of ATP molecules (Fig. 1E). Using labeled
antibodies, we were able to confirm sequential
binding of a-SNAP and NSF (Fig. 1, F and G, and
fig. S2, A to C). After formation of the immobi-
lized 20S complexes (NSF/a-SNAP/SNARE com-
plex), we performed washing and injected Mg>*
and ATP. We observed disassembly of single SNARE
complexes, indicating that single NSF-binding
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