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It was recently reported that the measurement of stepping accuracy while performing a new walking
test, a multi-target stepping task (MTST), could contribute to identifying older individuals at high risk
(HR) of falling. The present study was designed to identify factors leading HR older individuals to an
impaired stepping performance in terms of frequency of maladaptive turning behavior (spin turn) and
spatio-temporal patterns of fixations. Eleven HR (80.8 + 3.6 years), 26 low-risk (LR) (77.1 = 7.7 years)
older individuals, and 20 younger individuals performed the MTST. For the MTST, stepping accuracy was

g?; v:()br:;;vior measured with two types of failure (stepping target and avoiding distracters). The frequency of a spin turn
Falls (i.e., a crossover step) was compared among the groups. The location and duration of each fixation were also
Older compared. The HR older and younger participants showed a higher rate of spin turns. Whereas the younger
MTST participants fixated approximately three steps ahead, the older participants directed their fixation closer

toward the imminent footfall target, demonstrating their difficulty to use the visual information regarding
the target in a feedforward manner. Such patterns of fixations were significantly associated with the
frequency of stepping and avoidance failures. The higher rate of stepping and avoidance failures in the MTST
were attributed to maladaptive turning behavior, which is potentially destabilizing, and the tendency to
fixate onfaround an imminent footfall target, which prevented older individuals from considering the
locations of future footfall targets.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction continuously along the 15 lines while avoiding the other squares
(distracters). The results demonstrated that 64.5% of HR older
participants failed to step precisely on the target at least once
(referred to as a stepping failure). The HR older participants also

showed a significantly higher rate of failure to avoid stepping on

Older individuals who are at high risk for a fall generally exhibit
increased gait variability (Verghese et al.,, 2009; Brach et al., 2010),
a decline in visuomotor control of foot movement (Chapman and

Hollands, 2006a,b, 2007), and cognitive impairment, particularly in
executive functions (Alexander et al., 2005; Persad et al., 2008;
Herman et al., 2010). As a result, when instructed to step precisely
on a footfall target on the ground, they show more impaired
performance than older individuals who are at low risk for a fall
(Chapman and Hollands, 2006b, 2007). Measurement of stepping
accuracy during gait is therefore useful as a clinical tool to
distinguish HR older individuals from LR older individuals.
Recently, we developed a new clinical test, a multi-target
stepping task, to measure the stepping accuracy in a simplified
manner (Yamada et al, 2011). In the MTST, participants were
instructed to step on an assigned square (the footfall target)
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distracters (avoidance failure) than LR older participants. A logistic
regression analysis showed a significantly high odds ratio for the
stepping failure (19.365), although the very large range of 95% Cl
(3.28-113.95) indicated that the results need to be interpreted
cautiously. These findings led us to the tentative conclusion that
measuring the stepping accuracy while performing the MTST is
potentially an important factor in the identification of HR older
individuals.

Understanding factors contributing to enhance a predictive
power of the MTST to identify HR older individuals is necessary for
its clinical use and a development of an intervention technique to
improve stepping accuracy while performing the MTST. For this
purpose, the present study was designed to measure two behaviors
while performing the MTST: turning and gaze behavior.

Inaccurate stepping performance may well result from
maladaptive strategies for stepping in a different direction, i.e.,
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turning behavior. The placement of multiple targets in the MTST
could lead participants to turn quickly in a different direction. HR
older individuals generally show difficulty in maintaining a
stabilized posture after stepping in a different direction (Dite and
Temple, 2002; Tseng et al., 2009). Two main strategies for turning
exist: step and spin turns. Whereas a step turn involves a change
in the direction opposite to the stance limb, the spin turn is taking
a crossover step, i.e., changing in the direction toward the same
side of the stance limb. A spin turn is potentially destabilizing
because, if appropriate pro-active action is not taken, the center
of mass (COM) of the body will be outside of the base of support
(BOS) (Moraes et al.,, 2004; Taylor et al., 2005). We hypothesized
that impaired stepping performance while performing the MTST
in HR older individuals was accompanied by more frequent spin
turns.

Spin turns could occur more frequently when participants
concentrated on stepping accurately on an imminent footfall target
and did not consider the locations of future footfall targets.
Measuring gaze behavior while performing the MTST was an
effective approach to address this issue. By measuring how far
ahead the fixation was located, we examined whether age-related
differences existed in the visual scanning of footfall targets while
performing the MTST.

The hypothesis regarding the location of fixation was that
fixation in older individuals should be directed closer toward an
imminent footfall target. The spatial demand of stepping in the
MTST is relatively moderate, considering the criteria that even a
step on the edge of the target was regarded as successful. Under
such moderate conditions, younger individuals generally fixate a
few steps ahead to step on multiple footfall targets (Patla and
Vickers, 2003). This means that visual information regarding the
location of an imminent footfall target is used in a feedforward
manner, i.e., based on “stored” visuospatial information (Zettel
et al., 2008), rather than in an on-line, feedback manner. In
contrast, older individuals have difficulty using vision in a
feedforward manner (Chapman and Hollands, 2006a). It was
therefore hypothesized that fixation in older individuals should be
directed closer toward an imminent footfall target.

To further understand the characteristics of gaze behavior in HR
older individuals, we examined the duration of each fixation,
particularly toward a target. Chapman and colleagues demon-
strated that HR older individuals looked at targets longer when
they walked while stepping on multiple footfall targets with
relatively strict spatial demand (Chapman and Hollands, 2006b,
2007). With these findings, they proposed that they would require
more time to process visual information regarding targets and/or
program appropriate motor responses. We investigated whether a
similar tendency would occur while they performed the MTST in
spite of its moderate spatial demand.

Our primary analyses were to compare stepping performances,
turning and gaze behaviors among the HR older, LR older, and the
younger control groups. In addition, it was important to address
which of several measurements were significantly associated with
stepping avoidance failures. To do so, secondary analyses were
conducted. Older participants were divided into two groups
according to whether they had experienced stepping and
avoidance failures (i.e., regardless of whether they were in the
HR or older LR group). Each measurement regarding gaze behavior
and other clinical measurements were compared statistically
between the two groups. Furthermore, to determine whether the
maladaptive spin turn occurred as a result of the participants’
fixation being directed closer to the target, we conducted another
statistical analysis in which the older participants were divided
into two groups according to their experience of the spin turn.
Comparisons of the gaze behavior were made between the two
groups.

2. Methods
2.1. Participants

A total of 37 community-dwelling older individuals (mean age,
78.1 + 6.8 years) participated. The exclusion criteria ensured that
none of the participants had any indications of the following
symptoms: (a) serious visual impairment (cataract, glaucoma, or
color blindness), (b) inability to ambulate independently (those
requiring the assistance of a walker were excluded), (c) score of less
than 7 on the Rapid Dementia Screening Test (Kalbe et al., 2003), (d)
symptomatic cardiovascular disease, (e) neurological and orthopedic
disorders, (f) peripheral neuropathy of the lower extremities, or (g)
severe arthritis. None of them had performed the MTST before.
Twenty younger individuals (mean age, 21.1 + 1.4 years) also took
part in this experiment as control participants. Written informed
consent was obtained from each subject in accordance with the
guidelines approved by the Kyoto University Graduate School of
Medicine and the Declaration of Human Rights, Helsinki, 1975.

Following an earlier study (Yamada et al., 2011), a participant
who met the following two criteria was classified as an HR older
individual: (a) a self-report of the occurrence of at least one fall
within the past year and (b) a time requirement greater than 13.5 s
for performing a Timed Up and Go test (TUG) (Shumway-Cook
et al., 2000). A fall was defined as any event that led to an
unplanned, unexpected contact with a supporting surface during
walking. Our definition that the experience of falls was restricted
to those during walking (i.e., falls during standing or transferring
were not included) was suitable for the present study, considering
that the MTST was developed to differentiate older HR individuals
from LR ones in terms of stepping accuracy during walking. We
ensured that none of the participants had any fall experience
during standing or transferring.

As aresult, 11 HR and 26 LR elderly individuals participated (see
Table 1 for participant details). A one-way ANOVA conducted for
each data of age, height, weight, the score of the Rapid Dementia
Screening Test, and the visual acuity score (binocular acuity scored
on the basis of a Landolt C) showed no significant differences
between the HR and LR groups (Table 1). A Chi-square analysis
conducted for the data of gender distribution also showed no
significant differences between the HR and LR groups (Table 1).

2.2. Setup and protocols for data collection of the MTST

The MTST was performed on a black elastic mat (10 m long and
1 m wide). There were 45 pieces of a 10 cm x 10 cm square on the
mat (see Fig. 1a). These squares were arranged into three rows
(15 cm between each row) and 15 lines (61 cm between each line).
Each square was marked with red, blue, or yellow tape. Each line
had one of the three colored squares in a randomized order. One
square (blue or yellow) was regarded as a footfall target, while the
others were distracters.

Gaze behavior was measured using a head-mounted eye tracker
(EMR-9, Nac Image Technologies, Japan). The eye tracker we used
was a binocular corneal reflection system that measures the eye line
of gaze with respect to a hat. The participant’s gaze was indicated by
a circle mark on a video-based image of the visual field as recorded
by a scene camera mounted on the hat at a temporal resolution of
30 Hz {see Fig. 1b). Three-dimensional accelerometers (WAA-006,
ATR-Promotions, Japan) were attached to each heel to measure the
timing of participants’ heel contact for each stepping.

The participants wore flat-soled footwear and walked on the
mat at a self-selected pace while stepping on the target square
placed on each line without stepping on the distracters. The
participants performed two main trials. For each trial, a different
color square was assigned as a footfall target. Detailed information
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Table 1
Group comparisons of the characteristics of participants, MTST performance, gaze behavior, and other clinical tests.
HR older (n=11) LR older (n=26) Younger (n=20) ANOVA
Mean SD Mean SD Mean SD p value
Participant details
Age 80.8 3.6 77.1 7.7 21.1 14 <0.001" be
Height, cm 155.1 8.8 153.8 10.2 164.4 9.7 <0.001° be
Weight, kg 48.8 5.8 55.5 10.1 56.3 9.0 <0.001" b
Gender (male=0, female=1), % 63.6 61.5 50.0
Rapid Dementia Screening Test, point 8.91 1.13 9.27 1.60 12.00 0.00 <0.001" be
Vision acuity score, decimal 0.75 039 0.77 030 0.73 0.33 0.885
MTST performance
Stepping failure (yes=1, no=0), % 727 7.6 0.0 ab
Number of stepping failure, times 0.7 0.5 0.1 0.3 0.0 0.0 <0.001° ab
Avoidance failure (yes=1, no=0), % 100.0 153 0.0 ab
Number of avoidance failure, times 3.7 29 0.5 1.6 0.0 0.0 <0.001° ab
Performance time, s 36.2 4.0 29.8 89 18.7 6.2 <0.001" be
Stepping interval time, s 2.8 04 2.5 14 1.2 04 <0.001" e
Spin (yes=1,no=0), % 63.6 15.3 50.0 ac
Gaze toward target
Gaze duration, s 0.85 0.38 0.78 0.63 0.62 0.24 0.402
Gaze initiation, s (before stepping) 1.36 0.26 1.94 1.09 3.54 1.56 <0.001" be
Gaze termination, s (before stepping) 0.52 042 1.17 0.97 291 1.60 <0.001" abe
Initiation/interval 0.50 0.09 0.89 0.53 2.94 1.21 <0.001" abe
Termination/interval 0.19 0.16 0.61 0.56 2.41 1.27 <0.001" abe
Other clinical tests t-Test
10m walking time, s 16.1 2.7 11.5 3.7 0.001"
Timed Up and Go, s 19.8 43 131 4.4 <0.001"
One leg stand, s 1.2 15 9.3 127 0.005"
Functional reach, cm 183 3.9 24.1 4.7 0.006"
5 chair stand, s 19.7 11.2 133 35 0.020

ANOVA: Bonferroni correction p=0.016 (0.05/3).
Post hoc test: p<0.016.

2 Post hoc test: HR vs LR,

b Post hoc test: HR vs young.

€ Post hoc test: LR vs young.

about the protocol of the MTST has been given in an earlier study
(Yamada et al.,, 2011).

2.3. Data analyses of the MTST
All dependent measures were obtained only from the first main

trial (Yamada et al.,, 2011). This was because, as other clinical
standard tests used for identifying HR older individuals, the MTST

had been developed so that participants could complete the task in
a short time. The earlier study demonstrated that analyzing
stepping performance in a single trial was effective to identify HR
older individuals (Yamada et al., 2011). The stepping performance
obtained from the second main trial was used only to calculate
test-retest reliability.

The main dependent measures were two types of failure
indicating less accurate stepping performance: a stepping failure

Fig. 1. (a) An older participant performing the MTST. Each square in each line was made of red, blue, or yellow tape. The participant intended to walk at a self-selected pace
while stepping on a target square of an assigned color while avoiding to step on other squares. (b) A video-based image of the visual field while performing the MTST. The
location of fixation, indicated by a circle mark, was calculated with the information obtained from the left (a plus mark) and right {a square mark) eyes.
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(i.e., failure to step on the footfall target) and an avoidance failure
(i.e., failure to avoid distracters). Even a step on the edge of the
target was regarded as successful. These measures were analyzed
statistically from two perspectives. First, the participants who
experienced each type of failure at least once were totaled for both
the HR and LR groups. For each failure, the numbers, expressed as
the frequency of failure occurring in the group (%), were compared
statistically among the groups with a Chi-square analysis.
Secondly, the number of failures for each participant was
statistically compared among the groups with a one-way analysis
of variance (ANOVA). To investigate the test-retest reliability for
the two types of the stepping failure, Kappa coefficients (k-values)
between the two trials were calculated. A k-value of 0.61-0.80 was
regarded as good agreement (Naessens et al., 2010).

The time (s) taken to perform the MTST, referred to as the MTST
performance time, was measured with a stopwatch. The time of
the interval between each step was also measured with the
accelerometers attached to each heels. The timing of each step was
defined as the time when peak acceleration occurred in the vertical
direction. Each MTST performance time and stepping interval was
compared statistically among the groups with a one-way ANOVA.
To investigate the test-retest reliability for the MTST performance
time, the inter-trial correlation coefficient (ICC 1.1) between the
two trials was calculated.

Regarding the frequency of the maladaptive turning behavior
(spin turn), the participants who experienced crossover steps at
least once in a trial were totaled for each of the three groups. The
frequencies of failure occurring in the group (%) were compared
statistically among the groups with a Chi-square analysis. To
investigate the test-retest reliability for the frequency of the spin
turn, a k-value between the two trials was calculated.

Frame-by-frame video-based analyses were performed to
identify where fixations were located. Stabilizatjon of the gaze at
one location for a minimum of 100 ms (three video frames) was
defined as a fixation. The locations of fixations were classified into
one of four categories: target, distracter, path, or other. The
durations of each fixation were quantified and statistically
compared among the groups using a one-way ANOVA. To
statistically test the fixation patterns, each participant’s average
fixation time, as a percentage of total fixations, in each fixation-
location was compared among the groups using a one-way
ANOVA.

2.4. Data collection and analyses of gaze behavior

For the purpose of examining how far ahead the participants’
fixations were located, the time to initiate (referred to as gaze
initiation) and terminate (gaze termination) gazing at a given
target before stepping on it was measured. The data of the gaze
initiation (termination) were calculated by subtracting the time to
initiate (terminate) fixation toward the imminent footfall target
from the time to step on the target, which was obtained through
the three-dimensional accelerometers attached to each heel.
Dividing these timing data by the duration of the stepping interval
(referred to as initiation/interval and termination/interval)
expressed the degree to which the participants directed their
fixation toward a future target. For instance, when the value of
initiation/interval was 1.0 (i.e., the duration between the initiation
of fixation toward a certain target and stepping on that target was
equal to the duration of the stepping interval), a participant began
to fixate a next footfall target just when stepping on the imminent
footfall target. A value smaller than 1.0, therefore, meant that a
fixation was directed toward the imminent target, whereas a value
larger than 1.0 meant that a fixation was directed toward a future
footfall target. A one-way ANOVA was used to compare these
measurements statistically among the groups.

2.5, Data collection and analyses of other clinical tests

Other clinical tests that have been used to identify high-risk
elderly adults in many studies, ie., the TUG (Podsiadlo and
Richardson, 1991), the functional reach test (FR) (Duncan et al,
1992), the one-leg standing test (OLS) (Vellas et al., 1997), the 10 m
walking test (10 m walking) (Lopopolo et al., 2006), and the 5-chair
stand (5CS) test (Guralnik et al, 1994), were measured prior to
performing the MTST on the first measurement day. All tests
except the 5CS were used in the earlier study (Yamadaetal,, 2011).
In the 5CS, participants were asked to stand up and sit down five
times as quickly as possible. A 5CS score was defined as the average
of two trials regarding the time in seconds for the completion of
this task. The order in which these tests were performed was
randomized. The participants performed each task for two trials. A
t-test analysis was examined for each clinical test to statistically
compare the scores between the HR and LR groups.

2.6. Associations among the measurements

To quantitatively describe the associations between the
stepping accuracy in the MTST and other measurements, the 37
older participants were divided into two groups according to
whether they experienced both stepping and avoidance failures or
not. Each of all measurements regarding gaze behavior and the
clinical tests was compared statistically between the two groups
with a t-test. To examine whether a spin turn was likely to occur
when a participant’s fixations were directed closer to an imminent
footfall target, the participants were also divided into two groups
according to whether they experienced a spin turn. Each of all
measurements regarding gaze behavior was compared statistically
between the two groups with a t-test. Furthermore, whether the
experience of a spin turn was associated with the scores of the
clinical tests was also analyzed. A comparison with a t-test was
performed between the two groups.

2.7. Adjustment of a significance level for multiple statistical
comparisons

In the present study, three different analyses were undertaken
with the same data set (i.e., a comparison among the HR, LR older
and young groups, and two two-group comparisons for testing
associations among the measurements). To avoid a risk of
committing a Type 1 error, the alpha-level was adjusted for
multiple comparisons using the Bonferroni correction (Feise,
2002). In particular, the alpha-level of 0.05 was corrected to
reflect five different comparisons, resulting in an adjusted alpha of
0.016 (0.05/3).

3. Results

3.1. MTST performance, gaze behavior, and clinical tests (Table 1 and
Fig. 2)

The HR older participants experienced significantly higher
frequency of both stepping and avoidance failures than the LR
older and younger participants. The average number of each failure
occurring in each group was greater for the HR older participants
than for the LR older and younger participants. Both the MTST
performance time and the stepping interval were significantly
shorter for the younger participants than the HR and LR older
participants. The HR older and younger participants experienced
significantly higher frequency of the spin turns than the LR
participants. The investigation of the test-retest reliability
indicated that the k-value was 0.724 for the stepping failure,
0.746 for the avoidance failure, and 0.877 for the spin turn. The
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Fig. 2. Frequency of fixation directed toward each location in each group. The
location-category of the distracter is not included because none of the participants
fixated toward the distracters.

correlation between the first- and second-time measurements of
the MTST performance time was very high (ICC =0.969 (95%Cl:
0.954-0.979)).

The group differences in the gaze duration were not statistically
significant. The timing of gaze initiation was significantly earlier
for the younger participants than the HR and LR older participants.
The difference in this measurement was not significant between
the HR and LR participants. The differences in the gaze termination,
initiation/interval, and termination/interval were all significant for
each pair in the three groups. The average percentages of total
fixation durations (Fig. 2) showed that the fixation was directed
toward the target more frequently for the younger participants
than for the HR and LR older participants (p < 0.016). Participants
rarely directed their fixation toward the distracters (0.4, 0.2, and 0%
for the HR, LR, and younger groups, respectively). The younger
participants directed their fixation toward the path less frequently
than the HR and LR participants (p < 0.016).

Comparison of the performances in other clinical tests between
the HR and LR participants showed that the HR older participants
showed a significantly lower score than the LR older participants in
all clinical tests except the 5CS.
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3.2. Associations among the measurements (Tables 2 and 3)

Eight older participants experienced both stepping and
avoidance failures (other two participants experienced only
stepping failures, whereas seven experienced only avoidance
failures). Regarding the association of stepping accuracy with gaze
behavior and clinical tests (Table 2), the participants who
experienced both failures initiated and terminated fixation toward
an imminent target significantly later than those who did not. The
mean values of initiation/interval and termination/interval were
significantly greater for the participants who experienced both
types of failures than for those who did not. The participants who
experienced both failures showed significantly lower scores for the
TUG, OLS, and FR than the participants who did not. No significant
differences in all measurements on gaze behavior and on the
clinical tests were identified between the participants who
experienced a spin turn and those who did not (Table 3).

4. Discussion

The purpose of the present study was to examine whether
maladaptive turning and gaze behavior existed while HR older
individuals were performing the MTST. Before discussing this issue
it is important to address that the present findings successfully
replicated earlier ones (Yamada et al,, 2011) regarding the fact that
the HR older participants showed less stepping accuracy in the
MTST. The HR older participants showed a significantly higher rate
of stepping and avoidance failures than the LR older and younger
participants. It is noteworthy that avoidance failure always
occurred as a result of an accidental step in the way the
participants were walking from target to target but not as a result
of the wrong selection of a target from the three squares in the line
that they intended to step on. Avoidance failure, therefore, resulted
mainly from incorrect planning of the walking path from target to
target and not from the wrong selection of a target from the three
squares in a line due to impaired contrast sensitivity. The test-—
retest examination showed that these measurements were
statistically reliable. These findings supported the conclusion of
the earlier study (Yamada et al., 2011) that measuring the stepping
accuracy while performing the MTST is potentially an important
factor in the identification of HR older individuals.

Analysis of the frequency of the spin turn supported the
hypothesis that impaired stepping performance in HR older
individuals was accompanied with more frequent spin turns.
Seven out of 11 HR older participants (63.6%) made a spin turn at
least once to change their walking direction. In contrast, many of
the LR older participants (22 out of 26 participants) did not select a

Table 2
Associations of the experience of stepping and avoidance failures with gaze behavior and clinical tests.
Failure p value E/S
Yes (n=8) No (n=29)
Mean SD Mean SD
Gaze toward target
Gaze duration, s 0.87 0.40 0.78 0.61 0.61 0.24
Gaze initiation, s (before stepping) 1.28 0.26 1.97 1.06 0.01 2.63
Gaze termination, s (before stepping) 041 0.35 113 0.93 0.00° 2.05
Initiation/interval 0.50 0.11 0.85 0.51 0.00° 3.10
Termination/interval 0.17 0.17 0.57 0.54 0.00° 2.36
Other clinical tests
10m walking time, s 14.92 1.77 12.23 423 0.02 1.52
Timed Up and Go, s 17.67 1.75 14.41 5.75 0.01" 1.86
One leg stand, s 0.76 1.18 9.06 12.52 0.00° 7.05
Functional reach, cm 19.67 1.37 23.52 5.42 0.00° 282
5 chair stand, s 17.25 10.10 14.17 541 0.30 0.30

Bonferroni correction p=0.016 (0.05/3).
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Table 3
Associations of the experience of spin turns with gaze behavior and clinical tests.
Spin turn p value E/S
Yes (n=11) No (n=26)
Mean N3 Mean sb
Gaze toward target
Gaze duration, s 0.80 0.36 0.79 0.64 0.959 0.020
Gaze initiation, s (before stepping) 1.49 0.47 1.89 1.09 0.127 0.850
Gaze termination, s (before stepping) 0.69 0.68 1.10 095 0.152 0.600
Initiation/interval 0.65 0.34 0.83 0.52 0.242 0.510
Termination/interval 0.34 0.39 0.55 0.55 0.201 0.530
Other clinical tests
10m walking time, s 12.6 33 12.8 4.4 0.917 0.040
Timed Up and Go, s 153 39 15.0 5.9 0.860 0.080
One leg stand, s 4.1 5.8 9.1 13.5 0.161 0.860
Functional reach, cm 213 2.9 235 5.9 0.193 0.750
5 chair stand, s 15.5 8.2 144 5.7 0.701 0.140

Bonferroni correction p=0.016 (0.05/3).

spin turn. This suggests that the LR older individuals successfully
avoided the risk of destabilization while performing the MTST. The
existence of such a clear difference in turning strategy between the
HR and LR older participants is likely to contribute to enhancing
the predictive power of the MTST to identify HR older individuals.

Interestingly, the younger participants also showed a higher
rate of spin turns. A similar finding was reported in a previous
study (Moraes et al., 2004), which demonstrated that their young
participants preferred stepping medially (i.e., making a spin turn)
rather than stepping laterally (i.e., making a step turn) to avoid a
planar obstacle. The authors argued that modification of foot
placement in response to an obstacle involves minimum displace-
ment of the foot from its normal landing spot; stepping medially
could be more suitable to satisfy this goal than stepping laterally.
According to these previous findings, the younger participants in
the present study may have not hesitated to select a spin turn
because they had the ability to take pro-active action to bias the
location of COM to ensure that it did not fall outside the BOS.

Analysis of gaze behavior supported another hypothesis that
fixation in older individuals should be directed closer toward the
imminent footfall target. The measurements of the initiation/
interval and termination/interval revealed that the HR and LR older
participants directed their gaze toward the imminent footfall
target. Such a tendency was significantly higher for the HR older
participants than the LR older ones. In contrast, the younger
participants directed their gaze toward approximately 3 targets
ahead. These findings clearly supported previous findings that,
whereas younger individuals use visual information regarding the
location of an imminent footfall target in a feedforward manner,
older individuals appear to use it in an online, feedback manner
(Patla and Vickers, 2003; Chapman and Hollands, 2006a).

Analyses of the association of stepping accuracy with gaze
behavior demonstrated that the observed fixation patterns in the
HR older participants were related to the stepping and avoidance
failures (Table 2). The participants who experienced both the
stepping and avoidance failures initiated and terminated fixation
toward an imminent target significantly later than those who did
not. From these findings, we suggest that one of the reasons for the
higher rate of stepping and avoidance failures in the HR older
individuals could be attributed to their tendency to fixate on/
around the imminent footfall target, which prevented them from
considering the locations of future footfall targets.

The HR older participants showed a higher rate of failure of
stepping on the footfall targets in spite of the fact that they
concentrated on fixation toward the imminent footfall target. The
measurements of gaze termination showed that, on average, the
HR older participants terminated fixation on the imminent footfall

target approximately 0.5 s before stepping on that target. This
indicated that they did not fixate on the imminent footfall target
until they stepped on it; that is, the imminent footfall target was
captured through peripheral vision or out of sight. The present
findings suggest that the observed spatiotemporal patterns of
fixation toward the imminent footfall target in the HR older
participants may not have led to accurate foot control for stepping
on a footfall target. Similarly, the average percentages of total
fixation durations (Fig. 2) demonstrated that the participants
rarely fixated toward the distracters (only 0.4% of total fixation
times for the HR older, 0.2% for the LR older, and 0% for the younger
participants). This suggests that the information regarding the
locations of the distracters was obtained through peripheral vision
(Patla and Vickers, 1997; Zietz and Hollands, 2009; Miyasike-
daSilva et al., 2011). The failure to avoid the distractors may have
resulted from their impaired ability to control their foot placement
based on peripheral vision (Di Fabio et al., 2005).

The duration of fixation was not significantly different among
the groups. This was inconsistent with previous findings demon-
strating that HR individuals looked at footfall targets longer
(Chapman and Hollands, 2006b, 2007). The contradictory findings
between the previous and present studies may have been
attributed to the difference in the spatial demand for stepping
between these studies. In other words, a longer target fixation of
the target would have been necessary when the spatial demand for

. stepping on the target was relatively strict, as in previous studies.

Alternatively, given that the fixation was directed toward the path
more frequently for the HR and LR older participants (Fig. 2),
fixation on the place of each step, rather than on the target alone,
may have been necessary while the HR older participants were
performing the MTST. As a result, they may not have directed their
fixation toward the target for a particularly longer time.

Theoretically, a spin turn could occur more frequently as
fixation was located closer toward the imminent footfall target
and, as a result, the locations of future footfall targets were not
considered. However, we failed to demonstrate a significant
association between the frequency of the spin turn and the pattern
of fixations (Table 3). In fact, the experience of a spin turn was not
significantly associated with any measurements about gaze
behavior and other clinical tests. The precise mechanism for
causing maladaptive turning behavior remains unclear. A future
study should address this issue.

Analyses of the association of stepping accuracy with other
clinical measurements demonstrated that the participants who
experienced both stepping and avoidance failures showed lower
scores for the TUG, OLS, and FR (Table 2). This was generally
consistent with the findings in our earlier study (Yamada et al,
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2011), which demonstrated that the number of avoidance failures
showed mild negative correlation with the performance of the TUG
and OLS. These findings suggest thatimpaired stepping performance
in the MTST was likely to be associated with the impairment of
general balance abilities, lower extremity function, and mobility.

In conclusion, the present study demonstrated impaired
stepping performance of the HR older individuals in the MTST
was accompanied with their maladaptive turning and gaze
behavior. One of the most important findings was that the HR
older individuals fixated closer toward the imminent footfall
target. This suggests that they have difficulty in using visual
information regarding the location of an imminent footfall target in
a feedforward manner. Such a pattern of fixations would prevent
them from considering the locations of future footfall targets and,
therefore, can cause a maladaptive strategy to step in a different
direction. In fact, the stepping performance in HR older individuals
was accompanied with more frequent spin turns. Due to the lack of
a significant association of the spin turn with the patterns of
fixations, future studies should identify a precise mechanism for
selecting the maladaptive turning behavior.
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Abstract A disturbance in gait pattern is a serious
problem in patients with rheumatoid arthritis (RA). The
aim of the present study was to examine the utility of the
smartphone gait analysis application in patients with RA.
The smartphone gait analysis application was used to
assess 39 patients with RA (age 65.9 = 10.0 years, disease
duration 11.9 £ 9.4 years) and age-matched control indi-
viduals (mean age, 69.1 & 5.8 years). For all RA patients,
the following data were obtained: disease activity score
(DAS) 28, modified health assessment questionnaire
(mHAQ), and assessment of walking ability. Patients
walked 20 m at their preferred speed, and trunk accelera-
tion was measured using a Smartphone. After signal pro-
cessing, we calculated the following gait parameters for
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each measurement terminal: peak frequency (PF), auto-
correlation peak (AC), and coefficient of variance (CV) of
the acceleration peak intervals. The gait parameters of RA
and control groups were compared to examine the com-
parability of the 2 groups. Criterion-related validity was
determined by evaluating the correlation between gait
parameters and clinical parameters using Spearman’s cor-
relation coefficient. The RA group showed significantly
lower scores for the walking speed, AC, and CV than the
control group. There were no significant differences in PF.
PF (gait cycle) was mildly associated with gait speed
(P < 0.05). AC (gait balance) was moderately associated
with the DAS, mHAQ, gait ability, and gait speed
(P < 0.05). CV (gait variability) was moderately associ-
ated with the DAS, gait ability, and gait speed (P < 0.05).
This is the first study to examine the use of a smartphone
device for gait pattern measurement. The results suggest
that some gait parameters recorded using the smartphone
represent an acceptable assessment tool for gait in patients
with RA.

Keywords Smartphone - Gait analysis - Validity -
Rheumatoid arthritis

Introduction

Rheumatoid arthritis (RA) affects approximately 1% of
adults and has been recognised as one of the most critical
rheumatological conditions in the developed world [1],
largely because of the associated joint damage, decline in
functional status, and premature mortality [2]. The disease
process leads to chronic and progressive inflammation
involving multiple joints as well as other organ systems,
and RA is associated with substantial disability and
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economic losses [3], and even reduces life expectancy [4].
Treatment comprises medication to control inflammation
and multidisciplinary interventions to reduce symptoms
and maximise self-management [5].

RA leads to functional disability and possible changes in
normal gait pattern, a common but clinically serious
problem that substantially affects quality of life in RA
patients [6]. Previous studies have demonstrated that RA
may lead to a decreased walking speed [7], shortened stride
length, and increased double-stance period [8], indicative
of a limitation in lower limb function. Because of day-to-
day variations in inflammatory activity and gait pattern in
RA patients, self-monitoring and self-management
becomes very important for controlling abnormal gait.

Recently, wireless tri-axial accelerometers have become
widely used for gait analysis, because they are easy to use,
are inexpensive, and do not require a laboratory environ-
ment. Several authors have performed gait assessment
using such accelerometers in a clinical setting, including in
patients with stroke, patients with Parkinson’s disease, and
older adults [9-11]. More recently, LeMoyne et al. [12]
performed gait analysis experiments using a Smartphone,
which demonstrated a capacity to accurately quantify gait
parameters with a sufficient level of consistency. Similarly,
our previous research showed that the smartphone gait
analysis application has the capacity to quantify gait
parameters with a degree of accuracy that is comparable to
that of tri-axial accelerometers [Nishiguchi et al. unpub-
lished observation].

The simplicity and portability of the smartphone appli-
cation permits gait self-assessment by concerned individ-
uals in a non-clinical setting. The aim of the present study
was to examine the utility of the smartphone gait analysis
application in patients with RA.

Methods
Participants

This was a cross-sectional study performed between April
2011 and May 2011 in the rheumatology outpatient clinics
of Kyoto University Hospital. A total of 39 RA patients
(mean age, 65.9 £ 10.0 years) participated. Patients with
RA defined by the American College of Rheumatology
1987 criteria were included. The patients were assessed by
an experienced rtheumatologist. We excluded participants
based on the following exclusion criteria: other musculo-
skeletal disorders, cognitive disorders, Parkinson’s disease,
stroke, or unable to walk unassisted over 15 m using cur-
rent walking aids. Twenty older individuals (mean age,
69.1 + 5.8 years) also took part in this experiment as
control participants. We obtained written informed consent

@ Springer

from each participant in accordance with the guidelines
approved by the Kyoto University Graduate School of
Medicine and the Declaration of Human Rights, Helsinki,
1975.

RA evaluation

For all patients, the following data were obtained: disease
activity score (DAS) 28, modified health assessment
questionnaire (mHAQ), and assessment of walking ability.

The DAS includes 4 parameters: number of joints tender
to touch (out of 28 joints), number of swollen joints (out of
28 joints), C-reactive protein level, and patient-assessed
disease activity using a 100-mm visual analogue scale. The
DAS is generally accepted as a reliable, valid, and respon-
sive measure of disease activity in patients with RA [13].

The mHAQ is a self-reported measure of physical
function. The mHAQ is a widely used and validated tool to
quantify functional disability in RA [14]. The mHAQ
disability index assesses 20 daily living activities, includ-
ing dressing and grooming, rising, eating, walking,
hygiene, reach, grip, and community activities. The mHAQ
is expressed on a scale ranging from 0 to 3 (where 0 = no
functional disability and 3 = severe functional disability).

Assessment of walking ability was based on a subscale
of the RA foot and ankle scale, which is expressed on a
scale ranging from 0 to 20 (where 0 = unable to walk and
20 = no limitation) [15].

Gait analysis system

The smartphone (size: 63-mm width, 119-mm height,
13.1-mm depth; weight: 139 g; Xperia SO-01B; Android
2.1; Sony Ericsson Mobile Communications Japan, Inc.)
used in this study includes an acceleration sensor, a
recording device, and a computer program for processing
the acceleration signals. Trunk linear accelerations were
measured using the smartphone while the subject walked
on the walkway. The smartphone was attached to the L3
spinous process using a semi-elastic belt (Fig. 1). Before
measurements, the accelerometer of the smartphone was
calibrated statically against gravity. The accelerometer of
the smartphone sampled at 33 Hz. The recorded signals
were analysed by the application developed in the android
environment.

Gait analysis

The participants were instructed to walk on a 20-m walk-
way at their preferred speed. All participants wore their
usual walking shoes, avoiding high heels and hard-soled
shoes. The mid (10-m) walking time was measured using
an electronic stopwatch.
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Fig. 1 Schematic representation of the use of the Smartphone, which
was attached to the L3 spinous process, for gait assessment

Data processing

A period of steady state walking of 7.75 s was selected
from the recording of each subject. This period contained
about 256 acceleration measurements. We calculated
the following gait parameters, according to previous stud-
ies: peak frequency (PF) [16], autocorrelation peak (AC)
[16, 17], and coefficient of variance (CV) of the accelera-
tion peak intervals [18, 19].

The PF value indicates the gait cycle, which is the time
taken to take 1 step. The AC value indicates the degree of
gait balance; the higher the AC value, the greater is the
degree of balance. The CV value indicates the degree of
gait variability, i.e., the variability in the elapsed time
between the first contact of 2 consecutive footfalls. For
calculating the gait parameters, we used the absolute values
of the tri-axial acceleration data to decrease the influence
of the measurement terminal posture. Let a,,, =
a1,,as, . .., a;, denote the set of all acceleration absolute
values acquired from time # to t,, for #; < f,. Let a, and
n denote, respectively, the acceleration absolute value at
time ¢ and the number of all acceleration absolute values
acquired from time #; to f,,.

PF f, of acceleration data a;,;, was detected with high
accuracy based on the PF candidate f!, which was detected
from the smoothed acceleration data in order to decrease
the influence of the high-frequency measurement noise that
accompanies PF detection. First, acceleration data a,,.,, was
smoothed using a low-pass filter. Second, the PF candidate,

]j, was detected where the power spectrum at frequency f[ﬁ

was the highest peak in the frequency space to which the
smoothed acceleration data was converted by fast Fourier
transformation. Finally, PF f, was detected in the frequency
space to which acceleration data a,,,,, was converted, where
the power spectrum of PF f, had the highest peak around
PF candidate f;. The test-retest reliability using the inter-

trial correlation coefficient (ICC 1.1) was 0.906 [Nishigu-

“chi et al. unpublished observation].

AC R, from the autocorrelation function was detected
using PF f,,. This allowed us to detect AC R, with a high
degree of accuracy, based on the hypothesis that the gait
cycle is related to the time lag when AC is detected [17].
The AC detection method was as follows: first, the auto-
correlation function was calculated from acceleration data
ay,4,. The autocorrelation function is represented by the
sequence of the autocorrelation coefficients R, (k) over
increasing time lags k:

1 n—k

Rm(k) = n— k;xlix7i+k (1)

Here, let x, denote the normalised acceleration data, which
are calculated by both the mean apypany and standard
deviation asp of acceleration data ay.,; that is,

x(t) = a(t) —aMEAN/aSD. Let n denote the number of

acceleration data samples in our gait analysis. Finally, AC
R, was detected as the highest peak around the lag related
to gait cycle T. The test—retest reliability using the ICC 1.1
was 0.752 [Nishiguchi et al. unpublished observation].

Coefficient of variance was calculated by using the
group of positive peak time candidates detected in the
smoothed acceleration data; this decreases the influence of
the high-frequency measurement noise that accompanies
positive peak detection. Here, the positive peak indicates
the acceleration data with a positive convex shape on the
acceleration waveform. First, acceleration data a,,, was
smoothed using a low-pass filter. Second, each positive
peak on the smoothed acceleration waveform was detected
as a group of positive peak candidates. These measured
times were extracted as a group of positive peak time
candidates. Third, each positive peak of acceleration data
a,., was detected where each peak was the highest around
each positive peak time candidate on the acceleration
waveform. The time intervals between the neighbouring
positive peaks were then calculated. Finally, CV is calcu-
lated from the mean fiypan and standard deviation fgp of
time intervals, as follows:

IsD

)

The test-retest reliability using the ICC 1.1 was 0.752
[Nishiguchi et al. unpublished observation].

IMEAN
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Statistical analysis

Characteristics of RA and control groups were compared to
examine the comparability of the 2 groups. Differences in
the demographic variables and gait parameters between the
2 groups were analysed using the Student’s  test or Chi-
square test.

Criterion-related validity was determined by evaluating
the correlation between gait parameters (PF, AC, and CV)
and clinical parameters (DAS, mHAQ, walking ability, and
walking speed) using Spearman’s correlation coefficient in
RA group. A multivariate analysis by means of multiple
regression using a stepwise method was performed to
investigate which of the gait parameters was independently
associated with each clinical parameter in RA group. Data
were entered and analysed using the SPSS program
(Windows version 18.0, SPSS, Inc., Chicago, IL). A
P value of <0.05 was considered statistically significant for
all analyses.

Results

Characteristics of the participants are reported in Table 1.
Typical acceleration waveforms are shown in Fig. 2.

Participants in the RA and control groups were com-
parable and well matched with regard to their baseline
characteristics. There were no significant differences in
age, body weight, height, or gender (P > 0.05). The RA
group showed significantly lower scores for the walking
speed, AC, and CV than the control group. There were no
significant differences in PF (Table 1).

To determine the association between gait parameters
and clinical parameters, we analysed Spearman’s correla-
tion coefficients (Table 2). PF was correlated with walking
speed (r = 280, P < 0.05). AC was correlated with the

DAS (r= —0.283, P <0.05), mHAQ (r= —0.368,
P < 0.05), and walking speed (r = —0.704, P < 0.01). CV
was correlated with the DAS (r = 0.334, P < 0.05),
walking ability (r = —0.420, P <0.01), and walking
speed (r = 0.608, P < 0.01). Walking speed was corre-
lated with the mHAQ (r = —0.442, P < 0.01) and walking
ability (r = 0.413, P < 0.01).

Stepwise regression analysis revealed that AC (f =
—0.435, P <0.05) was a significant and independent
determinant of the DAS (R2 = 0.189, P < 0.05). AC (f =
—0.368, P < 0.05) was also a significant and independent
determinant of the mHAQ (R* = 0.135, P < 0.05). CV
(B = —0.420, P < 0.05) was a significant and independent
determinant of the DAS (R* = 0.232, P <0.01). PF
(B = —0.575, P < 0.01) and AC (f = —0.410, P < 0.01)
were significant and independent determinants of the DAS
(R* = 0.647, P < 0.01) (Table 3).

Discussion

The results of the current study indicate that the RA group
showed significantly lower scores for the gait parameters
than the control group. Moreover, the clinical parameters
were moderately associated with gait parameters recorded
by a smartphone in patients with RA. We used the DAS,
mHAQ, walking ability, and walking time as reference
tools. The DAS index in RA patients reflects disease
activity [13], and the mHAQ is often used for functional
assessment in RA patients [14]. In this study, the DAS
(disease activity) was associated with gait balance. The
mHAQ (function) was also associated with gait balance.
Further, walking ability was associated with gait variabil-
ity, and walking speed was moderately associated with gait
cycle and gait balance. Lelas et al. [20] found a mild
correlation between kinematical measures of individual

Table 1 Comparison of
demographic characteristics and
gait parameters between the
groups

DAS disease activity score,

RA group Control group P value
Mean SD Mean SD
Age (years) 65.9 10.0 69.1 5.8 0.189
Height (cm) 154.3 73 154.6 75 0.775
Weight (kg) 535 9.5 54.4 9.5 0.807
Gender female (n (%)) 35 (89.7%) 15 (75.0%) 0.135
Disease duration (years) 11.9 94
DAS (point) 32 14
mHAQ (point)t 3.1 3.7
Walking ability 15.9 4.9
Walking speed (m/s) 1.03 0.26 1.30 0.54 <0.001
Peak frequency 2.13 0.25 2.03 0.08 0.073
Autocorrelation 0.735 0.122 0.796 0.081 0.037
Coefficient of variance (%) 15.1 10.0 9.2 3.8 0.011

mHAQ modified health
assessment questionnaire
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Table 2 Spearman’s correlation coefficients for gait parameters and
clinical parameters

DAS mHAQ Walking Walking
ability speed
Peak frequency  —0.193 0.075 —0.247 0.280*
Autocorrelation  —0.283*  —0.368* 0.257* —0.704%*
Coefficient of 0.334* 0.155 —0.420%* 0.608**
variance
Walking speed 0.194 —0.442%* 0.413%%*

DAS disease activity score, mHAQ modified health assessment
questionnaire

* P <0.05; ** P < 0.01

joints and gait speed. Therefore, in systemic illnesses such
as RA, it is possible that global waveform analysis is better
than local waveform analysis for gait assessment. The
results of the present study suggest that assessment of gait
parameters using the smartphone is an acceptable method
for evaluating gait in RA patients. Indeed, surprisingly, gait
parameters measured by the smartphone were found to

constitute an index of disease activity and physical function
in patients with RA.

Self-management is important not only for patients with
RA, but also for patients with other chronic disorders
[21,22]. Pain, disability, fatigue, and self-related general health
are improved by systematic self-management educational
programmes [21, 22]. Fatigue, especially, is difficult to
control by medication and benefits from self-management
[23]. The greatest benefit is observed if self-management
programmes are maintained for over 8 years [24]. Online
self-management systems have been constructed [25], and
self-assessed walking ability, such as that described here,
may be a useful addition to self-management systems.

The smartphone gait analysis application may be used as
a clinical assessment tool and may also potentially be used
as a standard method of self-assessment in RA patients, due
to several benefits. First, it requires a shorter time for gait
assessment in a non-clinical setting compared with tradi-
tional assessment tools. Second, it can be used to assess
gait patterns easily in daily life. Third, medical practitio-
ners and patients may be able to share information

Table 3 Multiple stepwise regression analysis for gait parameters and clinical parameters

Independent variables DAS
R? value = 0.189%
Standard regression value

mHAQ

R? value = 0.135%
Standard regression value

Walking ability
R? value = 0.232%*
Standard regression value

Walking speed
R? value = 0.647%*
Standard regression value

Peak frequency

Autocorrelation —0.435% —0.368*

Coefficient of variance

—0.575%*
—0.410%*
—0.420%*

DAS disease activity score, mHAQ modified health assessment questionnaire

* P < 0.05; ** P <0.01

@ Springer
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regarding the patient’s condition in real time by using the
mobile phone function of the Smartphone. In consequence,
patients may receive timely advice from their medical
practitioner.

This study had some limitations. First, although the
gait parameters correlated significantly with several clini-
cal parameters, the correlation coefficients of some clini-
cal parameters were not high. Gait parameters were only
moderately correlated with global clinical measurements.
Therefore, correlation coefficients may be high only for
clinical parameters that reflect the walking pattern. Second,
we did not consider disease stage, class, or history, drug
use, or surgicallhistory in our analyses. Further study is
required to examine whether these factors have an influ-
ence on gait parameters. Third, the current study was of a
cross-sectional design. A prospective cohort study and
interventional study should be conducted in the future to
further evaluate the relationship between gait parameters
and clinical parameters.

In conclusion, this is the first study to examine the use of
a smartphone device for gait pattern measurement. The
results suggest that some gait parameters detected using the
smartphone represent an acceptable assessment tool for
gait in patients with RA.
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Murine Leukemia Retrovirus Integration Induces the
Formation of Transcription Factor Complexes on
Palindromic Sequences in the Signal Transducer
and Activator of Transcription Factor 5a Gene
During the Development of Pre-B Lymphomagenesis
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Murine leukemia retrovirus (MLV) vectors are highly
effective tools for introducing a foreign gene into a tar-
get host genome. However, it remains unclear how in-
tegrated retroviral promoter activity is influenced by
the upstream or downstream sequences and how the
host cell phenotype is influenced by the integrated pro-
moter activity. Herein, we analyzed a set of pre-B lym-
phoma clones in which the MLV genome was integrated
into the signal transducer and activator of transcription
factor 5a (Stat5a) gene. Among the clones, the lym-
phoma clones with a provirus integrating into the
middle position of the palindromic target sequences
showed significantly higher transcription of the Stat5a
gene; and p300 and other transcriptional factors
formed complexes, with binding to the proviral-host
junctional DNA segment. By using a luciferase assay, the
upstream and downstream sequences of the provirus
contributed to the up-regulation of proviral promoter
activity. In concomitance with the higher Stat5a tran-
scription, the immunoglobulin gene recombination was
arrested. Antiapoptotic activity was significantly higher,
with an increase in Bcl-xL, one of the targets of STATSA,
when IL-7 was supplied. Thus, a minute difference be-
tween MLV integration sites can lead to large differences
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in the host phenotype through the formation of tran-
scription factor complexes on the proviral-host junc-
tional DNA segment, suggesting that caution is neces-
sary in monitoring integration sites when working with
MLV vectors. (4m J Patbol 2011, 178:1374-1386; DOI:
10.1016/j.ajpath.2010.12.012)

Retrovirus-based vectors have been used as an available
tool for the introduction of a gene into the host genome in
gene function analyses. Transgene transcription is predom-
inantly controlled by the integrated retroviral promoter ele-
ment in the long terminal repeat (LTR) in the vector se-
guence. However, because the retroviral promoter activity
is affected by the integration site, the expression of a trans-
gene is not necessarily adequate. The lack of control of
retroviral integration limits its application in transgenic ani-
mal studies and gene therapy, which first and foremost
must be safe for patients. Indeed, there is some risk that a
murine leukemia retrovirus (MLV)-based vector could in-
duce host malignant transformation by integration into an
oncogene in the genome of a patient undergoing gene
therapy." Therefore, considerable attention has been given
to the choice of appropriate vector integration sites for the
induction of induced pluripotent stem cells from mouse
embryonic or adult fibroblasts.? In fact, lack of control over
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the integration site has limited the application of MLV vec-
tors; it remains unclear to what extent the integration site
influences retroviral promoter activity and host phenotype
changes.

Furthermore, proviral promoter activity was compared
under the expression of diverse—and not common—
genes, which makes it impossible to render a consistent
comparison. Because of these limitations associated with
previous studies, the factors contributing to making proviral
promoter activity exceedingly sensitive to minute nucleotide
differences in the integration sites remain largely unstudied.
The present investigation used comparative analysis of the
activity of the MLV promoter integrated into an identical
intron of the signal transducer and activator of transcription
factor 5a (Stat5a) gene. We report that the activity is signif-
icantly influenced by the sequences flanking the retroviral
integration sites and that the expression levels of the host
gene can alter the host cell phenotype, as exemplified by
hematopoietic cell differentiation and tumorigenesis in-
duced by MLV integration.

In this article, we used a set of pro- to pre-B lymphoma
clones containing the MLV genome integrated into variable
sites within the second intron of the Statsa gene, which is
one of the common integration sites of MLV.®# The en-
coded protein is a member of the STAT family and forms a
dimer that translocates into the nucleus and exerts tran-
scriptional activity by binding to the gamma interferon acti-
vation site element in the promoter of target antiapoptotic
genes, such as c-myc, pim-1, belkL, and cyclin D1,% that
regulate proliferation and antiapoptosis in hematopoietic
cells.®7 This signaling molecule in the IL-7 receptor path-
way is limitedly operative during the precursor stage in the
pro- to pre-B-cell lineage.® The STAT5A contributes to IL-
7-induced B-cell precursor expansion.® Schwaller et al®
have reported that Stat5a is essential for the myeloproliter-
ative and lymphoproliferative diseases induced by Janus
kinases. We supported their evidence by identifying the
pro- or early pre-B-cell lymphomas using MLV integration
into Stat5a.*

In the clones with MLV integration into Statba, we ana-
lyzed the correlation of the expression levels of the gene
and MLV integration because varied STAT5A expression
levels were expected to influence the degree of precursor
expansion, probably affect Ig heavy chain (lgH) gene re-
combination in the host pre-B cells, and induce maturation
arrest. To confirm the data on the MLV integration site and
the expression levels of the target neighboring gene, we
generated reporter gene assay vectors that consisted of the
MLV genome either lacking or containing defective tran-
scription factor-binding motifs within the retroviral LTR and
the upstream and downstream sequences that originated
from the Statba sequence. The downstream sequences
were inserted upstream of luciferase as the reporter gene.
Analysis of luciferase activity allowed us to investigate how
different integration sites in the flanking sequence affect
MLV promoter activity. Taken together, the data are con-
sistent with the model presented herein for the control
of retroviral promoter activity via interaction between
the retroviral genome element and the host flanking
sequence. The obtained data were used to construct a
mode! demonstrating how a proviral genome in the
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target Stat5a sequence influences the proviral pro-
moter activity and host cell phenotype.

Materials and Methods

Mice and Lymphoma Clones

All mice used in this study were handled in strict accor-
dance with the guidelines for good animal practice, as de-
fined by the relevant national and local animal welfare bod-
ies; and all animal work was preapproved by the Kyoto
University Ethics Committee for Animal Experiments. The
SL/Kh mice were obtained from the RIKEN Bioresource
Center, Tokyo, Japan. This strain possesses a pathogenetic
endogenous ecotropic murine virus (Emv77) that was
mapped on chromosome 7,'" which is shared with the
AKR/J mouse strain.' in addition, more than five copies of
the endogenous murine leukemia retroviral genome, in ad-
dition to Emv117, are observed (Figure 1B, left). The identi-
fied endogenous MLV genomes are shown in Supplemental
Table S1 (at http://ajp.amjpathol.org).

In the SL/Kh strain, the pro- to pre-B cells in the bone
marrow (BM) acquire more than one copy of the proviral
genome; and more than 90% of these mice develop
BP-1* slgM~ pro- or pre-B lymphomas spontaneously
by the age of 6 months.**! Lymphoma cells of the swell-
ing lymph node, 2.0 X 108, were obtained from a lymph
node of a 6-week-old SL/Kh mouse and incubated in
methylcellulose-based medium (Methocult) containing
IL-7 for pro- to pre-B cells (Stemcell Technology, Van-
couver, British Columbia, Canada) or in RPMI 1640 me-
dium (Invitrogen, Carlsbad, CA) with 20-ng/ml IL-7, IL-3,
|L-4, or stem cell factor (Peprotec, London, England).”

Southern Hybridization to Detect MLV
Insertional Recombination in Statba

High-molecular-weight DNA samples were extracted from
lymphoma and normal kidney tissues, and 2.5-mg aliquots
of the DNA were digested with the Ncol restriction enzyme
(New England Biolabs, Beverly, MA) for 16 hours and trans-
ferred to an N* nylon membrane (Hybond; GE Health Care,
Buckinghamshire, England) after electrophoresis. The
probe used was previously described.*

Inverse PCR Method for the Detection of the
MLV Integration Site

The inverse PCR method was previously described.* The
primers for inverse PCR were located within the MLV
(Emvll) genomes. Their sequences were as follows: 584,
5-GAGGGCTTGGACCTCTCGTCTCCTAAAAAACCACG-3;
and 5F1, 5’-GTCTCTCCCAAACTCTCCCCCTCTCCAACC-3
(first set). In addition, these sequences were used: 5F2,
5. CCTCCTCTGACGGAGATGGCGACAGAGAAGAGG-3';
and 5B1, 5-GAGGGCTTGGACCTCTCGTCTCCTAAAA-
GAACCACG-3' (second step of the cycles for nested
PCR). The amplicons were then subcloned into a vector
(pCR 2.1-TOPO; Invitrogen), and sequence analysis re-
actions were performed.



1376  Tsuruyama et al
AJP March 2011, Vol. 178, No. 3

Kb N 1130 HOTIO0 I3 IS 11 N2 1N 1IN 1R
| €= 76%0
Spontaneous somatic integration
« 32kb
U3RUS Ncol USRUS (germ iine)
Probe WB: STAT5A
I
+828 +1673 WB: p-actin
T t}-——-D i Statsa NB: STATSA
Ncol lNcol 3rd exon
NB: B-actin
+1130
GGTGGACTCACGCAGTGGACACTGACKTTATCACACT CCACTCEGAGCGGRT C
s —

GBS -TG~ACTC - CECAGTGEA - ~ ~ TEACAT - ~ TOA- - - TCCATT~ - - ~30C- - - ~GAGT- Ca~0CC
< >
< >

L

FATSA ve, betancting

Patindromic motif
»

<

1124 1126 1130 1134

{bp)
250

N30y 1193 1415 3tan 1pe v 1iae e
RU5 -StatSa mRNA

Figure 1. Genome integration of MLV provirus into Stat5a. A: Clones with MLV integration into the second intron of Star5a (GENEBANK, AF049104). The two
open boxes and the closed box in the Stat5a structure represent the untranslational exons and the third translational exon, respectively. The numbers represent
the nucleotide number from the start of the gene. The detailed sequence of the integration site is shown. The underlining represents the flanking sequence used
in the i through vi vector constructs in Figure 2A. The red letter in the sequence represents the position of integration site 1130 within the intron. Palindromic
sequence motifs are shown at the bottom. Ncol sites are shown. The upper inset shows blastic lymphoma tissue from SL/Kh mice (Giemsa staining, original
magnification X600). Probe indicates the position of the probe used in the Southern hybridization assay.” The MLV-Stat5a chimera mRNA is shown below. The
represented gu motif is the splicing signal sequence at the 1158 nucleotide. The bottom shows the result of the RT-PCR assay for chimera ¢cDNA, including MLV
RUS (69 bp), the second intron (24 to 34 bp), and the third exon (158 bp) of Star5a. Lane numbers represent the integration sites. Arrows represent the PCR primer
positions. B: Southern blot of an Ncol-digested DNA fragment displaying the insertional recombination. Left: Six copies of an endogenous retroviral genome (N,
1130) and a newly acquired proviral genome (1130, arrowhead). Right: StarSa-derived fragments are visualized. The upper arrow highlights the Ncol-digested
fragment obtained after Emu17 integration. Lane numbers represent the integration site. N indicates control BM pre-B cells of SL/Kh mice 3 weeks after birth;
WB:STAT5A, Western blot of the lymphoma extract with an antibody for STATSA. Fragments of 7.6 kb represent the Ncol-digested fragment obtained after MLV
clonal integration. (B-Actin was the control blot.) NB:STAT5A is the Northern blot of lymphoma mRNA. (B-Actin was the control blot.) C: Relative intensity of

Statsa Ms" clones

STATSA versus B-actin (control). The horizontal axis represents the nucleotide number from the start of the first exon of the Stat5a gene.

PCR for the Detection of Recombination in IgH
and Ig Light Chain

The monoclonality was confirmed by PCR analysis after
IgH diverse segment (Dy)-IgH J segment (J,,) recombi-
nation using primers designed to amplify four possible
junctions between the D-Q52 and J, regions. The prim-
ers were as follows: 5'-CACAGAGAATTCTCCATAGTT-
GATAGCTCAG-3' (D,Q52-1 [sense]) and 5'-AGGCTCT-
GAGATCCCTAGACAG-3' (Ju4-1 [antisense]). The PCR
conditions were as follows: denaturation for 1 minute at
95°C, annealing for 1 minute at 60°C, and extension for
2.5 minutes at 72°C (28 cycles). After D,-Q52-J,, recom-
bination, the monoclonal lymphoma cells were selected
from the other cells and used for the following assays. For
the analysis of V-J rearrangement, the degenerate V
primer and another primer were used to amplify Vk to
J1-5k rearrangement, as previously described.™

Flow Cytometry

A suspension of single cells was prepared from lym-
phoma tissue. The cells were adjusted to 10° cells/ml; the
total lymphoma cell yield was in the range of 0.8 X 107 to
1.2 X 107 cells. A single-cell suspension was prepared from
both SL/Kh and BALB/c mouse femur BM plugs, and their
densities were adjusted to 10° cells/ml. The following anti-
bodies were purchased commercially (BD Pharmingen,
San Diego, CA): fluorescein isothiocyanate-labeled anti-

BP1 (clone 6C3) and phosphatidylethanolamine-labeled
anti-B220 (clone RA3-6B2). The collected cells were incu-
bated with normal rat serum for 15 minutes and stained with
1:10,000 diluted monoclonal antibodies for 15 minutes.
After washing, the cells were analyzed using a scanner
(FACScan; Becton Dickinson, Mountain View, CA). The
BP1*B220™ BM cells were purified from double-stained BM
cells by cell sorting using a commercially available system
(FACS Vantage; Becton Dickinson). The average vyields
from the BM cells of 4-week-old BALB/c and SL/Kh mice
were 0.50% and 2.8%, respectively. Genomic DNA was
extracted from the purified cells using a kit (QlAamp DNA
Blood Mini Kit; QIAGEN GmbH, Hilden, Germany). Apop-
totic lymphoma cells, 0.8 X 107 to 1.2 x 107, were
stained using 5 ml of phosphatidylethanolamine-conju-
gated antibody (annexin V) at room temperature in the
dark for 15 minutes. A 400-ml binding buffer was added
for flow cytometry analysis.

Northern Blotting and RT-PCR Assay

The methods were previously described.® The RT-PCR
was performed using extracted RNA with a one-step
RT kit (Invitrogen). The primers used were as follows: actin,
5-CCTAAGGCCAACCGTGAAAAG-3' and 5'-TCTTCATG-
GTGCTAGGAGCCA-3'; terminal deoxytransferase, 5'-GAA-
GATGGGAACAACTCGAAGAG-3' and 5'-CAGGTGCTGG-
AACATTCTGGGAG-3"; Vpreb, 5-CGTCTGTCCTGCTC-
ATGCT-3' and 5'-ACGGCACAGTAATACACAGCC-3;



CD79a, 5'-ATCACATGGTGGTTCAGCC-3’ and 5'-TCTC-
CAATGTGGAGGTTGC-3'; and CD19, 5'-TGTCTCTTCT-
GAGAAGCTGGC-3' and 5'-AACCAGAAGTGGACCT-
GTGG-3'. The RT-PCR primers for the Ig « light chain
were as follows: 5'-GGCTGCAGSTCCAGTGGCAGTG-
GRTCWGGRAC-3' and 5'-CATTCCTGTTGAAGCTCTT-
GACAATGGGTG-3'. The RT-PCR primers for the Ig A
light chain were as follows: forward, 5’-GCCTTTCTA-
CACTGCAGTGGGTATGCAACAAT-3’; and reverse, 5'-
AGCCACTYACCTAGGACAGTSASYTTGGTTCC-3".  For
real-time PCR assays for the detection of proviral RNA in
the lymphomas, total RNA was reverse transcribed using
a kit (Omniscript RT kit; Qiagen). For relative quantifica-
tion by RT-PCR, 20 ng of each cDNA was analyzed using
a kit (FastStart DNA Master SYBR Green I; Roche Diag-
nostics, Mannheim, Germany) with software version 3.5.
For each primer pair, a standard curve was developed.
To detect Emv11-Statsa chimera RNA, the following
primer set was used: MLV U5-Statba exon3-1F, 5'-
GAATCGTGGTCTCGCTGATC-3'; and MLV U5-Statba
exon 3-1R, 5'-CCTGGAGCTGTGTGGCATAG-3".

Antibodies for Western Blotting of STAT5A

Cell lysate was precleared using protein G-Sepharose
(Sigma-Aldrich, St Louis, MO) at 4°C with 1 hour of agi-
tation. The cleared lysate, 400 wpl, was incubated with
minimal essential medium 59, 50 ulL, at 4°C overnight;
then, protein G-Sepharose, 50 ul, was added and incu-
bated for an additional hour. After centrifugation, immu-
nocomplexes were washed three times with a radioim-
munoprecipitation assay buffer (256 mmol/L Tris-HCI, pH
8.0: 150 mmol/L NaCl; and 1% NP40, a protease inhibitor
mixture [Complete Mini EDTA-free; Roche Diagnostics]),
resuspended in the sample buffer, and boiled for 5 min-
utes. The released proteins were examined by Western
blotting. Antityrosine phosphorylated STATSA was pur-
chased from New England Biolabs (Ipswich, MA) and
Santa Cruz Biotechnology (Santa Cruz, CA) (sc-11761).
Purified anti-STATSA and anti-STAT5B were obtained
from ZYMED (San Francisco, CA). Antibodies toward
B-actin (C4), p300 (sc-81349), GATA1 (sc-266), GATAZ
(sc-267), Runx1 (sc-28679), Bel-xL (sc-7122), CREB (sc-
20), and CRE-BP1 (sc-8398) were also purchased from
Santa Cruz Biotechnology (sc-47778). Streptavidin-per-
oxidase conjugate was acquired from DAKO (Gostrup,
Denmark). The blot was measured using a chemilumina-
tor {Aishin, Nagoya, Japan).

Vector Construction and Dual Luciferase Assay

For a reporter gene assay, Ba/F3 cells were obtained
from RIKEN cell bank (Tsukuba, Japan). After a 12-hour
recovery period in the 10-ng/ml IL-3-containing medium,
the cells were incubated in an RPM! 1640 medium sup-
plemented with 0.5% bovine serum albumin for 12 hours
or stimulated with the cytokine for the last 6 hours. The
Ba/F3 cells, 6.0 X 107, were transiently transfected by
electroporation with 5 pg of a luciferase reporter plasmid.
Electroporation was performed according to a previously
reported protocol.” In each experiment, samples were
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analyzed in triplicate; and each experiment was re-
peated five times. On the other hand, lymphoma cells
with the provirus integrating into Statsa were main-
tained in an RPMI 1640 medium supplemented with 20%
fetal calf serum, mercaptosthanol, and 50-mg/ml penicil-
lin-streptomycin. Reporter gene analysis was performed
48 hours after transfection (Tecan, Durham, NC).

Cell lysate was then subjected to an assay (Dual-
Luciferase Reporter Assay System; Promega, Madi-
son, WI); a pGL3-basic vector lacking SV40 promoter
(Promega) was used as the backbone for Emv77-de-
rived provirus-firefly luciferase vectors (o, i, i, iii, iv, v,
vi, and vii) in the current study. The Hindlll site (+53) in
the multicloning site of the pGL3-basic vector was
used to construct the firefly luciferase vector, including
the Emv11 proviral genome that was inserted into the
identical orientation of the firefly luciferase and the
flanking Stat5a sequence shown in the o through vii
constructs for the assay. The flanking Statba sequence
originated from the second intron. As a control for
luciferase measurements in transfections, pRL-TK
(HSV-tymidine tyrosine kinase) renilla luciferase (Pro-
mega) was cotransfected with a firefly luciferase vec-
tor. Firefly luciferase activity was normalized to renilla
luciferase activity.

Preparation of MLV Integrase and Anti-Integrase

Full-length murine retroviral integrase cDNA (GEN-
EBANK, J01998) was obtained from an SL/Kh mouse and
subcloned into multiple cloning sites (EcoRI and Xhol) of
the transfer vector (pSYNGCH; Katakura Industries,
Saitama, Japan). The procedures for the construction of
the recombinant virus and viral infection of silkworm
Bombyx mori larvae have been reported.’® To construct
the recombinant baculovirus, Abv baculovirus DNA, a
linearized AcNPV-BmNPV hybrid-type baculovirus DNA
(Katakura, Maebashi, Japan), 0.5 mg, and psYNGCH-Th
integrase, 1 mg, were used to cotransfect a monolayer of
BmN cells, 2 x 10° cells/ml, in the presence of liposomes
(Insectin; Invitrogen). These cotransfected BmN cells
were maintained at 27°C in a culture for 5 days. Silkworm
pupae were infected with the supernatants and har-
vested after 8 days. The pupae were homogenated by
suspension in 30 mi of ice-cold homogenizing buffer A
(20 mmol/L Tris-HCI, 150 mmol/L NaCl, 1 mmol/L EDTA,
1 mmol/L EGTA, 1 mmol/L dithiothreitol {DTT], and 0.05%
phenylthiourea, pH 8.0) containing a protease inhibitor
mixture (1 mmol/L phenylmethanesulfonyl fluoride and 10
mmol/L benzamidine) and disrupted at 3000 rpm for 5
minutes. The homogenate was centrifuged at 38,000 rpm
for 1 hour at 4°C. After removal of the supernatant, the
pellet was suspended in 30 ml of homogenizing buffer B
(20 mmol/L Tris-HC1, 150 mmol/L NaCl, 1 mmol/L EDTA,
1 mmol/L EGTA, 1 mmol/. DTT, and 0.05% phenylthio-
urea, pH 8.0) containing the protease inhibitor mixture
and thoroughly mixed in a homogenizer (Dounce Teflon)
on ice at 1000 rpm for 10 strokes. The EDTA and DTT
were added to the pellet at a final concentration of 10
mmol/L, followed by solubilization with a sulfobetaine de-
tergent (Zwittergent 3-12; Calbiochem, San Diego). The
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final concentration of the detergent was 2% w/v. The
sample was stirred gently for 1 hour at 4°C and then
centrifuged (Hitachi RP50-2 rotor) at 38,000 rpm for 1
hour at 4°C. The supernatant was collected, and the
integrase was purified by column chromatography using
the His-tag expressed on the integrase. Because inte-
grase tended to aggregate, we immediately used it in
assays after the purification. The obtained integrase was
immediately injected into rabbits for immunization for the
production of polyclonal anti-integrase. The molecular
weight of the recombinant integrase was confirmed by
Western blot analysis using the prepared antibody.

RNAI of Statba and Statbb

The Statba RNAI (sc-37009; Santa Cruz Biotechnology)
and the homologue Stat5b RNAI or control small-interfer-
ing RNA (siRNA) (sc-37007) were used according to the
manufacturer’s protocol (Santa Cruz Biotechnology). In a
six-well tissue culture plate, 8.0 x 10° cells were seeded
per well in a 2-ml antibiotic-free normal growth medium
supplemented with fetal bovine serum. The lymphoma
cells were incubated for 18 to 24 hours at 37°C in a CO,
incubator. The siRNA duplex solution (solution A) was
added directly to the diluted transfection reagent (solu-
tion B) using a pipette. The lymphoma cells were washed
once with 2 ml of an siRNA transfection medium (sc-
36868), and the medium was aspirated. We proceeded
immediately to the next step. For each transfection, 0.8 ml
of an siRNA transfection medium was added to each tube
containing the siRNA transfection reagent mixture (solu-
tion A plus solution B). After gentle mixing, the mixture
was overlaid onto the washed lymphoma cells, and the
cells were incubated for 5 to 7 hours at 37°C in a CO,
incubator. One milliliter of the normal growth medium
containing twice the normal serum and antibiotic concen-
tration (X2 normal growth medium) was added without
removing the transfection mixture. Because of low viabil-
ity, we removed the transfection mixture and replaced it
with a X1 normal growth medium. Next, the cells were
incubated for an additional 96 hours. The medium was
aspirated and replaced with fresh normal growth me-
dium, and the protein was extracted and assayed by
Western blotting using anti-STAT5A (ZYMED).

Preparation of Nuclear Extracts and
Electromobility Shift Assay

The methods were previously described.” The probes
were double-stranded oligonucleotides corresponding to
the Stat-binding motif on the bclxl gene promoter (5'-
GACTTTCCGAGGAAGGCATTTCGGAGAAGAC-3). For
a competition study, the extracts were incubated with 150
mol/L excess of the unlabeled probe.

Chromatin Immunoprecipitation Assay

The chromatin immunoprecipitation (ChiP) assay was
performed as previously described.' ' The SL/Kh
pre-B lymphoma clones were fixed with 1.0% formalde-

hyde at 4°C for 1 hour. Soluble chromatin was immuno-
precipitated with 4 mg of primary antibodies overnight.
The immune complex was eluted by incubation with a
buffer containing 10 mmol/L DTT at 37°C for 30 minutes,
diluted 50-fold, and reimmunoprecipitated with the sec-
ond antibody. The same sets of fivefold serial dilutions of
input DNA for determining the appropriate DNA concen-
tration in the absence of nonspecific amplification and
2.5% to 5% purified ChIP DNA were subjected to PCR
for 28 to 30 cycles. Control primers were used for
determining the appropriate dilution.™ After confirming
that the nonspecific amplification was not observed by
dilution, the immunoprecipitated DNA was amplified
using the following primers: exon3 of Stat5a, 5’-CACG-
GCTGGCTCTCGATCCAC-3’; and, for the repeat re-
gion in 3'-LTR of Emv11, 5'-CAATAAAGCCTTTTGCT-
GTTGC-3'. To amplify the provirus 5'-LTR-Stat5a
junctional DNA, the following primers were used: exon2
of Stat5a, 5'-CAAGAGCCGTCAGGAGCCGTC-3’; and,
for the repeat region in 5-LTR of Emv171, 5'-CA-
GATATCCTGTTTGGCCCTAG-3'. To amplify the provi-
rus 5'-LTR (U3RUS), the following primers were used:
5'-TGAAAGACCCCTTCATAAGGCTTA (U3)-3" and 5'-
GGCTCCGTGGAAGAACTGAC-3'. To amplify the pro-
virus 3’-LTR (U3RUS5), the following primers were used:
5'-AGACAGGATTTCGGTAGTGCAGG (P15E)-3" and
5'-ACAGCAAAGGCTTTATTGG-3".

Statistical Analysis

Results are expressed as mean * SD unless otherwise
stated. All statistical analyses were performed using com-
puter software (StatView; Abacus Concepts, Berkeley, CA).
An unpaired t-test was used.

Results

MLV Integration Sites in the Statba Gene

In the current study, we analyzed a set of lymphoma clones
with the Emv17-derived provirus integrated into the second
intron of Statba (Figure 1A).* Integration sites were fre-
guently found within a 46-bp palindromic sequence, includ-
ing the most frequent site (ie, 1130). Southemn hybridization
using the MLV env probe or the Stat5a DNA probe demon-
strated a newly acquired MLV genome integrating into
Statba (Figure 1B, left and upper right).

There were significant differences in the expression level
of STAT5A between the clones, whereas there were only
minute differences in the integration sites; proviral genomes
were identical. In particular, the expression of STAT5A was
significantly higher in the lymphoma cells, with integration
into sites between 1124 and 1134; in contrast, expression
was not obvious in lymphoma cells with integration into
other sites (Figure 1B, upper right, and Figure 1C). Thus, a
minute difference between MLV integration sites led to large
differences in the expression level of the target Statba. For
the following analysis, we divided the clones into two
groups on the basis of the expression level of STAT5A.
Because constitutively and highly expressed STAT5A was
observed in the clones with MLV integration into the 1124 to
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Figure 2. Luciferase assay using the StatSa-derived sequence and MLV provirus genome. A: Sequences of the luciferase assay vectors. o, The pGL3-Emu11 vector did
not have the MLV flanking sequence. The pGL3 structure is shown. Luc represents Firefly luciferase in the pGL3 basic vector. The sequences of i through vi pGL3 vectors
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sequence. lalicized ATCACACTCCACTC at the 3' side flanking sequence is the p300 binding sequence. In the i, i, and v vectors, the proviral genome was flanked
by identical sequences at different sites. Arrows in v and vi indicate the reverse of the flanking sequence in v for making the vi construct. Vector vii was the negative
control vector, including the Stat5a sequence alone. B: Luciferase activity (ratio of Firefly to Renilla luciferase signal) in Ba/F3 cells containing vectors. Individual assays
were independently performed five times. Individual columns represent the data obtained using the five vectors indicated. o through v represent the integration sites of
the provirus (72 = 5; 1, 0 versus i, P = 0.031; 2, i versus #i, P = 0.024; 3, ii versus v, 7= 0.01}; 4, ii versus iii, P < 0.001; 5, ii versus iv, P < 0.001; and 6, v versus Vi,

P < 0.001). Table 1 contains additional information. Luciferase activity values were evaluated using the Student’s /-test.

1134 segment, they were named Stat5a™" clones. On the
other hand, clones with integration into other sites were
named Stat5a° clones.

Furthermore, to evaluate how STATSA expression was
promoted by the integrated MLV genome, we attempted to
analyze MLV-LTR-Stat5a chimera RNA. We found that the
downstream Stat5a intron was serially transcribed after the
RU5 element in the 5'-LTR of the provirus (Figure 1A).
Therefore, the U3 segment of the 5'-LTR probably func-
tioned as a promoter that up-regulated the expression of
STATSBA.

Upstream and Downstream Sequences of the
Provirus Influenced Reporter Gene Expression

The integration hot spots are within a 46-bp palindromic
region containing transcription factor-binding sites. To ex-
amine whether the flanking sequence of the integration site
might influence proviral promoter activity, luciferase assays
were performed using seven pGL3-MLV-luciferase vectors
consisting of a provirus or the downstream sequence, in-

cluding CREB-, GATA-, and p300-binding motifs in Statsa
(Figure 2A). The Ba/F3 cells were selected for the assay
because of their relative phenotypic similarity to the studied
lymphoma cells, and luciferase reporter plasmids were
transfected. Firefly luciferase activity was significantly up-
regulated when the vector consisting of intact Emv77-de-
rived proviral genome was flanked by the Statba sequence.
In particular, activity was stronger when the Emv77 proviral
genome was flanked by a longer Statba sequence: 1, P =
0.031, oversusi; 2, P = 0. 024, iversusii; and 3, P = 0.011,
i versus v (Figure 2B). Of particular interest are vectors i, iii,
and iv, in which a proviral genome was integrated into
different positions in the palindromic sequence, indicating
that the symmetric location of the provirus in vector i may be
a critical factor for the higher activity of the promoter (4, P <
0.001, ii versus iii; and 5, P < 0.001, ii versus iv) (Table 1
and Figure 2B). In addition, the use of vector vi, which has
the reverse flanking sequence of v, resulted in significant
down-regulation of luciferase (6, P < 0.001, v versus Vi)
(Figure 2B), indicating that the flanking GATA- and p300-
binding motifs also influence promoter activity.

Table 1. Results of the Dual Luciferase Assay Using Modified Emv11 Genomes

Vector Emv11 Emv11-5'Runx1- Emv11-3'Runx1- Emv11-5'LTR Emv11-3'LTR
i 0.008* 0.019* 0.021* 0.036* 0.214
ii 0.007* 0.028* 0.039" 0.018* 0.432
it 0.071 0.267 0.398 0.291 0.291
iv 0.067 0.358 0.556 0.791 0.405
v 0.009* 0.032* 0.013* 0.012* 0.561

Data are given as P values for vector o versus five other vectors.
*Significant difference between vectors.
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independently performed five times. Individual columns represent the data obtained using the five vectors indicated. i through v represent the vectors used. Table 2
contains additional information. For ii, *P = 0.032; ***P = 0.028; v, **P = 0.041; ***P = 0.012. Luciferase activity values were evaluated using the Student’s +test.

Activity of the Proviral Promoter Element

Next, we prepared five Firefly luciferase pGL3 vectors
(o-v) at the Hindlll site in the multicloning site into
which defective proviral cDNA was inserted. These
proviral DNAs in the vectors had defects in 3'-LTR
(Emv11-3’-LTR), 5’-LTR (Emv11-5'-LTR), the Runxi-
binding motif in 5'LTR (Emv®"A“™77), or the Runx1-bind-
ing motif in 3’-LTR (Emv® ™) (Figure 3A). The vec-
tors o through v carrying individual proviral cDNA were
transfected into Ba/F3 pro-B cells.

The results showed that Firefly luciferase is significantly
up-regulated even when the vector includes defective pro-
viral genomes that are symmetrically flanked by palindromic
motifs, as observed using intact Emv17 vectors (Figure 3B

Table 2. Results of the Dual Luciferase Assay

and Table 1; P < 0.05 for i, i, and v versus o). There were
significant increases in luciferase activity when using
Emv11 inserted into ii and v instead of Emv®"™- inserted
into ii and v [Figure 3B (*P = 0.032 and **P = 0.041) and
Table 2 (n = 5, ii and v)]. In addition, there were significant
increases when using Emv117 inserted into i and v instead of
Emv11-5'LTR (Figure 3B [***P = 0.028 and ***P = 0.012]
and Table 2 [n = 5, ii and v]). These data suggested that the
Runx1-binding motif in 3'-LTR contributed to the up-regula-
tion of downstream Firefly luciferase.

GATAZ2-Binding Motif in the Flanking Sequence

We analyzed the sequence motifs of the flanking sequences in
host clone genomes. The GATA2-binding motif 5-CAT-

Emv11 versus

Vector Emv11-5'Runx1- Emv11-3'Runx1- Emv11-5'LTR Emv11-3'LTR
i 0.075 0.064 0.056 0.019*
i 0.063 0.046 0.028" 0.012*
iii 0.051 0.452 0.056 0.215
iv 0.085 0.673 0.081 0.366
v 0.062 0.037* 0.012* 0.006*

Data are given as P values for Emv171-carrying vectors versus individual defective Emv77-carrying vectors.

*Significant difference between vectors.



