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Abstract

AIM: To investigate the characteristics of the progression
of islet B cell function in Chinese latent autoimmune
diabetes in adult (LADA) patients with glutamic acid
decarboxylase antibody (GAD-Ab) positivity, and to explore
the prognostic factors for B cell function.

METHODS: Forty-five LADA patients with GAD-Ab
positivity screened from phenotypic type 2 diabetic (T2DM)
patients and 45 T2DM patients without GAD-Ab matched
as controls were followed-up every 6 mo. Sixteen patients
in LADA1 and T2DM1 groups respectively have been
followed-up for 6 years, while 29 patients in LADA2 and
T2DM2 groups respectively for only 1.5 years. GAD-Ab
was determined by radioligand assay, and C-peptides (CP)
by radioimmune assay.

RESULTS: The percentage of patients whose fasting CP
(FCP) decreased more than 50% compared with the
baseline reached to 25.0% at 1.5 year in LADA1 group, and
FCP level decreased (395.8+71.5 v5572.8+72.3 pmol/L,
P<0.05) at 2.5" year and continuously went down to the
end of follow-up. No significant changes of the above
parameters were found in T2DM1 group. The average
decreased percentages of FCP per year in LADA and T2DM
patients were 15.8% (4.0-91.0%) and 5.2% (-3.5 to 35.5%,
P =0.000) respectively. The index of GAD-Ab was negatively
correlated with the FCP in LADA patients (r;= -0.483,
P = 0.000). The decreased percentage of FCP per year

in LADA patients were correlated with GAD-Ab index, body
mass index (BMI) and age at onset (.= 0.408, -0.301
and -0.523 respectively, P<0.05). Moreover, GAD-Ab was
the only risk factor for predicting B cell failure in LADA
patients (B = 1.455, EXP (B) = 4.283, P = 0.023).

CONCLUSION: The decreasing rate of islet p cell function
in LADA, being highly heterogeneous, is three times that
of T2DM patients. The titer of GAD-Ab is an important
predictor for the progression of islet B cell function, and
age at onset and BMI could also act as the predictors.

© 2005 The WIG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Latent autoimmune diabetes in adults (LADA), screened
from phenotypic type 2 diabetic (T2DM) patients by
glutamic acid decarboxylase antibody (GAD-Ab) and
characterized by dowly progressiveidet § cell dysfunction,
initially presents as non-insulin-dependent and easily
misdiagnosed as T2DM"*. Studies have shown that islet 3
cell function of LADA patients decreases with different
velocity until being insulin-dependentand some factors can
predict the failure rate of islet function®”. However, the
charactetistics and risk factors of progression of 8 cell
function in LADA remain unclear in Chinese. We measured
GAD-AD, as markers of autoimmunity, and fasting C-
peptide (FCP), as a marker of B cell destruction in LADA
patients and studied them prospectively for 6 years in order
to unveil the unknown changes of B cell function in LADA
patients. In this way we can offer suitable therapy including
insulin or immune intervention for LADA at an early time
to preserve their islet function.

MATERIALS AND METHODS

Subjects
We screened phenotypic T2DM, from endocrine ward and
outpatient clinic in our hospital, with GAD-Ab. We would
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diagnose a phenotypic T2DM as LADA according to the
criterial” of diagnosis of LADA as follows: (1) >25 year of
age at onset; (2) no ketosis within half a year after diagnosis;
(3) GAD-AD positive. If the LADA patient still preserved
some [ cell function (defined as FCP>100 pmol/L), the
patient would be enrolled in our follow-up study. From 1996
to 2001, we had screened 45 LADA patients, including 28
males and 17 females, with a mean age of 48.5+11.6 years
(range 28-68 years). Mean FCP and 2-h-postprandial C-peptide
(CP) level was 546.1£284.7 pmol/L (111-1 194 pmol/L)
and 1 098.0£669.0 pmol/L (186.0-2 317.0 pmol/L)
respectively and median of GAD-Ab was 0.49+0.08
(0.05-1.91) at the beginning of the follow-up. Twenty-seven
patients received insulin therapy, 13 were given sulfonylurea
and biguanide, 4 were given biguanide alone and 1 was
on diet control. Six patients were with family history of
T2DM. Meanwhile, 45 other T2DM patients (included 31
males and 14 females), with a mean age of 48.3+10.2 years
(range 26-68 years), with no history of ketosis or ketonic acidosis
and was GAD-ADb negative were enrolled in this study as
matched controls. Their mean FCP and 2-h-postprandial
CP level were 753.01401.2 pmol/L (270.7-2 356.6 pmol/L)
and 1 469.8+462.0 pmol/L (540.0-3 972.0 pmol/L)
respectively. Twenty-one of these patients received insulin
therapy, 20 were given both sulfonylurea and biguanide, 4
were given biguanide alone. Five patients were with family
history of T2DM. LADA and T2DM patients were followed
every 6 mo (except the 24™ mo). Fasting blood glucose,
2-h-postprandial glucose, HbAlc, FCP, 2hCP and GAD-
Ab index were determined for all patients at each visitation.
LADAT1 (» = 16) and T2DM1 (» = 16) group patients had
been followed for 72 mo (entered in 1996-1998), while
LADAZ2 (# = 29) and T2DM2 (# = 29) for 18 mo (entered
in 1999-2001). The patients with undetectable FCP/2hCP
during the follow-up were excluded.

We established a healthy control group from epidemiological
surveys in Changsha and sampled 188 healthy individuals
to define the normal range of islet autoantibodies including
GAD-Ab. One hundred and eighty-eight subjects were
without family history of diabetes or autoimmune diseases
(99 males and 89 females) with a mean age of 35.2+13.5
years (range 1.5-68.0 years) and with normal fasting and
postprandial blood glucose levels.

GAD-Ab and C-peptide radioimmune assay

GAD-AD is determined by radioligand assays!'"'? in our
laboratoty and the assay was evaluated in the 3 Diabetes
Autoantibody Standardization Program (DASP 2003)
sponsored by the Immunology of Diabetes Society (IDS)
with 82% sensitivity and 98% specificity. The GAD¢s-Ab!"
plasmid (kindly provided by Dr. W.A. Hagopian, Seattle,
WA, USA) is used in coupled in vitro transcription and
translation (TnT, Promega, Madison, WI, USA) in the
presence of *S-methionine as previously described!. A
human serum with high levels of immunoprecipitating
autoantibodies was used as index positive control, and healthy
serum from screening is used as negative control. All samples
are tested in duplicate. Results are expressed as a normalized
index, which is calculated using the formula: index =
(unknown sample CPM-index negative control CPM)/(index

positive control CPM-index negative control CPM). The
inter-assay coefficients of variation were 7.1-10.8% (# = 5),
and the intra-assay CV were 4.9-8.3% (n = 5) respectively.
Based on the data from 188 healthy blood donors whose
GAD-AD indices ranged from -0.118 to 0.052, the cut-off
for positivity was 0.052 (99.5 percentile).

CP was determined by radioimmune assay using a
commercial kit (DePu Company, Germany). The inter-assay
coefficients of variance were 9.1-15.0% (# = 3), and the
intra-assay coefficients of variance were 3.7-8.6% (n = 3).

Statistical analyses

All data were expressed as meantSD. All statistics were
performed by using statistical procedure of social science
(SPSS), including Student’s # test, Mann-Whitney U test,
ANOVA or Friedman test, Pearson or nonparametric
correlation analyses, stepwise multiple linear regressions in
multivariate analysis, survival and Cox stepwise regression
analysis. Pvalues less than 0.05 were considered significant.

RESULTS

Baseline data

Baseline characteristics of the subjects are summarized in
Table 1. LADA and T2DM patients were matched with
age, sex, age at onset, duration, body mass index (BMI) and
HbA1c. Two-hour-postprandial CP was significantly lower
in LADA1 than T2DM1 group (P<0.05) and FCP and 2hCP
were both lower in LADA2 than T2DM2 group (P<0.05,
P<0.01).

Table 1 Baseline data of LADA1, two group and T2DM1, two group
(meanzSD)

LADA1 T2DM1 LADA2 T2DM2
Number 16 16 29 29
Sex (male/female) 11/5 12/4 18/11 19/10
Age (yr) 47.7¢11.2 47.0£7.9 49.0£12.0 52.2410.9
Age atonset (yr) 44.9+10.5 442474 46.0£11.1 49.9+10.1
Duration (yr) 2.740.9 2.840.5 3.0+0.6 22404
BMI (kg/m?) 20.742.9 21.8+1.7 214433 22.5£1.9
FBG (mmol/L) 14.545.3 13.7+1.7 14.245.6 13.5¢3.1
HbAlc (%) 10.1+ 0.6 9.9+1.9 9.242.2 8.6£2.0
Family history (%) 18.8 12.5 10.3 10.3
Insulin therapy (%) 56.3 (9/16)  37.5(6/16) 65.5 (19/29) 51.7 (15/29)
FCP (pmol/L)
Postprandial-2-h ~ 572.8+72.3 714.6163.7  531.3£53.2° 772.7486.1

C-peptide (pmol/L) 885.1+147.7* 1196.7+104.2 1 240.0+140.5* 1659.9+188.5

2P<0.05 vs T2DM group, *P<0.01 vs T2DM group.

Serum C-peptide changes in LADA and T2DM patients during
the follow-up

Patients in the LADA1 group were followed for 5 years
(from 4 to 6 years), LADA2 for 1.3 years (from 0.5 to
1.5 years).

The change of absolute C-peptide in LADA1 patients

Figure 1 shows that FCP levels were not significantly different
between LADA1 and T2DM1 patients at entry (P>0.05). In
the LADA1 patients, CP levels did not change significantly
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during the 1% year of follow-up, but FCP declined from the
30" mo (P<0.05). T2DM1 patients did not show any
significant decrease during the follow-up period (P>0.05).
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Figure 1 Changes of FCP level in LADA1 and T2DM1 patients during the 6-year
follow-up time. Values are mean+SE of 16 patients respectively. The lower line
shown here is representative of LADA patients and the upper one of T2DM
group’s. The FCP of LADA1, decreasing much quicker than that of T2DM1
patients, declined significantly from the 30" mo compared with the entry (2P<0.05,
®P<0.01). And from the 12" mo, the difference of FCP between LADA1 and
T2DM1 patients became significant until the end of follow-up time (°P<0.05, °P<0.01).
Meanwhile T2DM1 group did not show any significant decrease during the
follow-up period (P>0.05).

The change of absolute C-peptide in LADA2 patients

The FCP, which was always lower in LADA2 than T2DM2
patients, did not change significantly, compared with their
baseline data during their 1.5-year follow-up period in the
two groups (P>0.01 and 0.01).

The change of relative C-peptide value

The proportion of LADAI1 patients with islet function
decreased more than 50% (Figure 2) The proportion
of LADA1 patients whose islet function decreased by larger
than 50% went up with time. This proportion in FCP
increased from 6.25% at the 6™ mo to 25.0% at the 18" mo
(P<0.05) and reached to 93.8% at the 5.5"-6" year (P<0.01).
While in T2DM1 patents, only 30.0% at the 5.5"-6" year
(P<0.05).
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Figure 2 The percentage of patients whose FCP decreased more than 50%
compared with the baseline during the follow-up time. Black bar graph representing
the percentage of LADA patients, which showed us a much quicker increase
from 6.25% at 6™ mo to 25.0% at 18™ mo until 93.8% at 72" mo. Meanwhile in the
white bar of T2DM group, the percentage increased much slower and only to
30.0% at the end of follow-up.

The relation between complete P cell failure and
duration (Figure 3) There were eight LADA patients
who progressed complete f§ cell failure (undetectable FCP)
for about 4.4%1.9 years (2-6.8 years) after diagnosis until
now. The frequency of B cell failure increased from 0 of 9
(0/9) patients at diagnosis to 8 of 11 (8/11) patients after
7 years. None of the T2DM patients developed complete
B cell failure during the follow-up.
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Duration (yr)

Figure 3 The failure of islet function during the follow-up in LADA patients. The
number of patients with 3 cell failure increased from 0/9 (new onset) to 1/18
(2-year duration), 2/15 (3-year duration), 5/24 (4-year duration), 5/20 (5-year
duration), 6/12 (6-year duration) and 8/11 (7-year duration). The average time
for B cell failure was 4.4+1.9 years.

Correlation analysis of islet 5 cell function in LADA patients
The relation between FCP and GAD-Ab index in LADA
patients Baseline FCP levels of 45 LADA patients were
negatively correlated with GAD-AD index (r = -0.483,
P =0.001) (Figure 4), which indicated that the much higher
titer of GAD-AD that the LADA patient had, the more
faster the failure of islet B cell function would occur.
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Figure 4 Correlation of FCP level and GAD-Ab index in LADA patients. The X-
axis represented GAD-Ab index that ranged from 0.05 to 1.91 and the Y-axis
showed the FCP that ranged from 111 to 1 194 pmol/L of 45 LADA patients at
enrollment. The scatter diagram showed us that these two factors were negatively
correlated (r = -0.483, P = 0.001), which meant that the LADA patients with much
higher GAD-Ab titer would face more risk of islet function failure.

Cotrelation analysis of the average decreased percentages
of FCP per year in LADA patients (Table 2) We could
calculate the average decreased percentages of FCP per
year in 45 LADA patients through dividing the decreased
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Table 2 Correlation analysis of the average decreased percentages of FCP per year in LADA patients

GAD-Ab Age atonset BMI Sex Duration Family FBG HbAlc
Index (yr) (kg/m?) (m/f) (yr) history (mmol/L) (%)
Correlation efficient 0.408 -0.301 -0.523 0.19 -0.084 -0.198 0.132 -0.035
P 0.006 0.047 0.000 0.216 0.590 0.197 0.430 0.835

The correlations between variables at entry including GAD-Ab index, age at onset, BMI, sex, duration, family history, FBG, HbAlc and the average decreased
percentages of FCP per year in LADA patients were analyzed. And GAD-Ab index, age at onset and BMI were found to be the three significant variables (r = 0.408,

-0.301 and -0.523, P = 0.006, 0.047 and 0.000).

value of FCP during the follow-up period with their initial
FCP. As the follow-up times of LADA1 and LADA2 group
were different, we further divided the above petcentage
with corresponding follow-up time for each patient. Then
we got 15.8%/year (4.0-91.0%/yeat) as the average
decreased percentage of FCP per year for LADA patients
and 5.2%/year (-3.5 to 35.5%/year) for T2DM and their
difference was significant (P<0.001). We also analyzed the
correlation between the variables at entry with the above
percentage in LADA group and found that the decreased
percentage of FCP per year were correlated with GAD-Ab
index, BMI and age at onset (= 0.408, -0.301 and -0.523
respectively, P<0.05).

Multivariate analysis for B cell function in LADA
patients A multiple stepwise regression analysis was used
to identify the factors (age at onset, duration of disease,
BMI, sex, HbAlc, FBS, family history and therapy protocol)
to predict B cell failure in LADA patients. In analysis,
duration of disease, GAD-Ab index, age at onset, and BMI
by turns (according to their effects on FCP) were significant
risk factors and the regression equation was as follows:
9 = -3.390*duration-3.153*GAD-Ab index+2.834*age at
onset+2.264*BMI (FF = 8.978, P = 0.000).

Survival analysis of B cell failure in LADA and T2DM
patients (Figure 5) In order to further characterize the
different prognosis of B cell function between LADA and
T2DM patients, survival analysis was introduced to our
study. We supposed the patient that developed B cell failure

as “dead”, otherwise, as “survival” at different period of

0.6 —
0.5
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— T2DM
0.2

o1 | — LADA

0.0

Cumulative B cell failure rate

-0.1 T T | T I
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Figure 5 Survival analysis of the cumulative failure rates of islet B cell function
in LADA and T2DM patients during the follow-up period. The X-axis represented
the duration of diabetes and Y-axis meant the cumulative proportion of B cell
failure in these patients. Patient that developed B cell failure would be supposed
as “dead”, otherwise, as “survival” at different period of duration (called “survival
time”). The dotted and the solid line represented LADA and T2DM patients
respectively. The B cell failure cumulative rate increased from 0.074 at the
2" year to 0.462 at the 8" year of duration in LADA patients; however, that of
T2DM remained unchangeable in the whole period.

duration of disease (called “survival time”). We found two
significantly different survival curves in the two groups and
the cumulative proportion of B cell failure increased from
0.074 at the 2™ year to 0.462 at the 8" year of duration in
LADA patients that was gradually rising with the duration;
however, that of T2DM remained unchangeable in the whole
petiod.

Risk factor analysis for f cell failure with Cox stepwise
regression model GAD-AD titer, age at onset, sex, BMI,
FBS and HbA1c of patients at the diagnosis were introduced
as covariates with “survival time” (defined as “the time
before B cell failure”) and Cox setpwise regression model
was used to identify the risk factor for B cell failure in
LADA patients. With forward stepwise method, most factors
were excluded and GAD-AD titer was the only variable
that entered the equation (B = 1.455, EXP (B) = 4.283,
P = 0.023), which meant that the odds of f cell failure will
increase 4.283 times with the increase of the GAD-AD titer.

DISCUSSION

Thete has been four prospective studies with follow-up
time for more than 5 years on LADA patients, including
Finland’s 10-year study reported by Niskanen ez 24, in 1995,
UKPDS’ 6-year by Turner ez a/'”, in 1997, Goetz et al’s
€ 5-year report on Americans in 2002 and 12-year study in
Sweden by Borg ez al”), in 2002. Among the above studies,
only the latter two were focusing on the relationship between
B cell function and islet autoantbodies. Compared with the
above reports, although there were some disadvantages such
as small sample, we could still find some priorities in the
study which included (1) more frequent, which meant more
accurate to reflect the tiny change of islet B cell function;
(2) analyze B cell function with different parameters, such as
the changes of FCP value and its proportion, the changes
from overall and from individual separately, correlation,
multivariate regression analysis, survival analysis and Cox
regression analysis; (3) using new index to assess the change
of islet function such as “the proportion of LADA patients
with islet function decreased more than 50% and “the
average decreased percentage of FCP per year”.

We found that FCP and 2-h PCP of LADA patients
declined slowly during the follow-up. Though T2DM
patients also showed a decreasing trend, there were no
significant changes. Borg ef a/”), reported that FCP of
diabetics with GAD-Ab positivity decteased obviously, while
those without GAD-Ab did not show any change during
the 12-year prospective study, corresponding well with our
results. We have observed that (1) the change of FCP
value, which showed that FCP remained stable during the
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1.5" year of follow-up, but began to decrease at the 2.5
year in LADA1 group; (2) the proportion of LADA patients
with islet function decreased more than 50%, which already
reached to 37.5% at 1.5" year (equivalent 3-5 years after
diagnosis) in LADA patients, and the difference was
significant compared with the baseline, while the T2DM
patients did not show such changes until the 5.5-6" year
(equivalent 8-9 years after diagnosis). In a word, the declining
of B cell function developed about 3-4 years eatlier in LADA
than in T2DM patients.

LADA patients also showed heterogeneous descending
rates of B cell function in the study. Firstly, the FCP in
some patients presented a linearly decreasing way and even
decreased to lower than 121.0 pmol/L (dectreased 63.2%)
in half a year and some progressed slowly that FCP maintained
680.0 pmol/L with 9-year duration and decreased more
than 50% (65.4%) compared with baseline until 12.5 years
later. Secondly, “the average decreased percentages of FCP
pet year (%/yr)” was calculated to reflect the decreasing
rate of islet function. FCP of 45 LADA patients decreased
15.8%/year averagely and with the quickest 91%/year, the
slowest 5.2%/year. However, that of T2DM patients was
5.2%/year which amount to one-third (1/3) of LADA’s
and was similar with 4.5%/year in 6 years after diagnosis
reported by UKPDS!". Thitdly, undetectable FCP was
defined as B cell failureand no one developed at entty,
but the failure frequency increased to 1/18 at the 2™ year
and to 8/11 at the 7™ year. The fastest declining one needed
only 2 years to lose insulin secretion function; nevertheless
some patients still preserved B cell function even 15 years
after diagnosis. The B cell failute in LADA patients
experienced 4.4%1.9 years averagely and no one failed in
T2DM patients during our current study. In addition, f3
cell failure was supposed as “dead” (otherwise “survival”)
and then, we made a survival analysis in the two groups
and found that 3 cell cumulative failure rate was rising with
duration in LADA patients. In contrast, B cell failure did
not occur with any T2DM patient at all times.

GAD-ADb, as the major immune marker for the diagnosis
of LADA, and its predictive value for the failure of B cell
function had been confirmed in many studies>%!51720,
Moreover, the predictive value was related with the titer of
GAD-AbU#B17, Borg ef al), and Gottsater e al'”, found
that GAD-AD in high levels usually predicts much faster
decrease of B cell function. The predictive value, highest
with GAD-AD titer more than 60 U, the second with titer
from 20 to 60 U/L and worst with titer less than 20 U/L
had been reported by UKPDS!™. While there wete still some
studies®! that suggested that GAD-Ab did not directly
induce B cell failure. With GAD-Ab assay we identified the
two groups of patients, and they showed completely different
characteristics in the progression of B cell function,
confirming the predictive value of GAD-Ab for islet
function in LADA patients. We found that the initial GAD-
Ab levels were negatively correlated with FCP, and antibody
levels were positively associated with the average decreased
percentages of FCP per year (%/yr). At last, the risk factor
analysis of P cell failure in LADA with Cox stepwise regression
model also revealed that GAD-ADb titer was the only factor
responsible for B cell failure. All these suggested that GAD-

Ab, as the most classic marker for diagnosing LADA, also
provided the most important predictive value for the loss
ot failure of B cell function. It suggested that stronger
immune damage results in faster loss of islet B cell function.
Of 16 LADA1 patients, 56.3% (9/16) used insulin at the
beginning of follow-up, and the proportion rose to 90%
(9/10) at the end of follow-up, while only 37.5% (6/16)
used insulin in T2DM1 subjects at entry and 44.4% (4/9)
turned to insulin dependency at the end of follow-up. This
not only reflected some different characteristics of two
groups in progression of islet beta-cell function, but also
demonstrated the predictive value of GAD-AD for insulin
requirement in LADA patients®!2!7182223],

In this study, age at onset, BMI of LADA patients were
negatively correlated with the average decreased percentages
of FCP per year, which meant that much younger and
thinner the patients were, much faster decrease of islet
function would happen. It was similar with UKPDS and
other reports!'>'72'*4 that the patients with younger age and
smaller BMI at onset may present a linear and fast failure
of B cell function, otherwise much slower. But someone!"”!
also pointed out that BMI was of no prognostic importance
for islet function in LADA patients older than 45 years.
Other factors including sex, family history, FBS and HbAlc
did not show any significant relation with FCP in our study,
which indicated that they were not key points for the B cell
failure. To search for the major factors to predict islet
function in LADA, a multiple regression analysis??" had
been applied. We identified GAD-Ab, age at onset, BMI
and duration of disease as the best predictors. Duration,
which was not linearly related with B cell function, entered
the regression equation and it suggested that duration could
predict B cell function in coordination with other factors.
This also indicated the importance of assessing islet function
with all the parameters combined together. Nevertheless,
Cox stepwise regression model suggested that, among the
above factors, only GAD-Ab could truly predict 3 cell failure
in LADA patients, which further testified that this antibody
not only was an important marker for the diagnosis of LADA
but its titer could also predict the progress and prognosis
of islet B cell function in LADA patients.

As B cell function of LADA was in a relatively steady
state at early 3-5 years after diagnosis and duration was the
important predictor for the deterioration of islet function,
immune interventions, including insulin therapy, should be
carried out as eatly as possible, especially for the patients
with high titer of GAD-Ab, lower BMI and younger age at

onset to delay the failure of B cell function®*3!.
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