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Abstract Go to:
Purpose

Although the quality of life (QoL) of prostate cancer (PCa) patients is a major issue, there is no unified
and useful 0 QoL. The E: ded Prostate Cancer Index Compasite (EPIC) is
a globally used tool to measure QoL after PCa treatment that comprises urinary, bowel, sexual, and
hormenal domains. Acknowledging the need for such a tool applicable to Korean PCa patients, we
translated EPIC into Korean and validated the new version.

Materials and Methods

The Korean version of EPIC was devised by lation, back- ion, and

Subsequently, we randomly selected 153 patients with localized PCa treated with radical perineal
prostatectomy (67, 43.8%), radical (19, 12.4%), radical
prostatectomy (12, 7.8%), robot-assisted laparoscopic radical prostatectomy (36, 23.5%), and high-
intensity focused ultrasound ablation of the prostate (19, 12.4%) and asked them to complete EPIC.
Reliability was assessed by test-retest correlation and Cronbach’s alpha. Validity was assessed by
factor analysis, i lion. and lion with F Assessment of Cancer Therapy-
Prostate (FACT-P).

Results

Test-retest correlation and Cronbach's alpha were high in each of the domains (0.92, 0.91, 0.76, 0.84
and 0.86, 0.84, 0.92, 0.83, p<0.0001). Interscale correlation among the domains was low (r<0.37),
which indicated that EPIC is composed of proper domains. Interscale correlation between the function
and bother subscales was high (0,94, 0.81, 0.84 and 0.80, p<0.0001), EPIC domains had low

C ion with FACT-P, permitting ¥ use.

Conclusions
The Korean version of EPIC was developed by a proper process, as evident by its high reliability and
validity. Therefore, itis a reliable, comprehensive, systematic method that evaluates QoL in Korean

patients after PCa treatment. Furthermore, it can be adapted as an objective methodology for research
globally.

Keywords: Prostatic neoplasms, Quality of life, Reproducibility of results.

INTRODUCTION Go to:

Prostate cancer (PCa) is the fifth most common cancer in the Korean male population as well
as the most rasidigsrowing cancer in the population group [1]. Qyine to early diazaasi
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Many mutations that contribute to the pathogenesis of acute myeloid
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mutations and epigenetic phenotypes are not yet clear.
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METHODS

We analyzed the genomes of 200 clinically annotated adult cases of
de novo AML, using either whole-genome sequencing (50 cases) or
whole-exome sequencing (150 cases), along with RNA and microRNA
sequencing and DNA-methylation analysis.

Acute Myeloid Leukemis
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nonsynonymous mutation in one of nine categories of genes that are
almost certainly relevant for pathogenesis, including transcription-
factor fusions (18% of cases). the gene encoding nucleophosmin
(NPMT) (27%), tumor-suppressor genes (16%), DNA-methylation
—related genes (44%), signaling genes (59%), chromatin-modifying
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Abstract Go to:
CTis gly being used for the t and ainvays in the patients

with congenital hearlmsaase Multi-slice CT has traditionally been used for the evaluation of the
extracardiac vascular and airway abnormalities because of its inherent high spatial resolution and
excellent air-tissue contrast. Recent developments in CT technology primarily by reducing the cardiac
motion and the radiation dose usage in congenital heart disease evaluation have helped expand the
indications for CT usage. Tracheobronchomalacia associated with congenital heart disease can be
evaluated with cine CT. Intravenous contrast injection should be tailored to unequivacally demonstrate
cardiovascular abnormalities. Knowledge of the state-of-the-ant CT imaging techniques that are used
for evaluating congenital heart disease is helpful not only for planning and performing CT

exar i butalso for ing and p iting the CT image findings that consequently guide
the proper medical and surgical management

Keywords: Computed tamography (CT) techniques, Multi-slice CT, Congenital heart disease.

The recent developments in CT techniques are characterized by faster speed, longer anatomic
coverage, a more flexible ECG-synchronized scan and a lower radiation dose, and these
advances have noticeably increased the cardiac applications of CT. This increasing role of CT
also includes the evaluation of congenital heart disease (1-3). Minimization of the radiation
exposure delivered by CT is an important issue particularly for children (4,5). Various dose
reduction techniques are currently available for cardiac CT as a result of the efforts to reduce
the CT dose (6,7). Thus, cardiac radiologists should be familiar with the CT techniques that
are associated with a cardiac protocol and dose reduction. The CT imaging techniques for
congenital heart disease are not the same as those for acquired heart disease: they are different
according to the imaged anatomic structures, the purposes of the study and the study
‘population evatiated with CT (e.g. children and adults with congenital heart disease). The
state-of-the-art CT imaging techniques for acquired heart disease have been extensively
appraised and frequently updated. while those for congenital heart disease have not been
thoroughly reviewed in the literature. In this article, I review the current CT imaging techniques
for mngemal heart disease. These inchude the CT scan techniques, the dose reducnon

3 gr intravenous injection of contrast agenx The
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Abstract Go to:
Purpose

‘We sought to identify asthma-related genes and to examine the potential of these genes to predict
asthma, based on expression levels

Methods

The subjects were 42 asthmatics and 10 normal healthy controls. PBMC RNA was subjected to
microarray analysis using a 35K array ttests were used to identify genes that were expressed
differentially between the two groups. A multiple logistic regression analysis was applied to the
differentially expressed genes, and area under the curve (AUC) values from receiver operating
characteristic (ROC) curves were obtained.

Results

In total, 170 genes were selected using the following criteria: P<0.001 and =2-fold change. Among
these genes, 57 were up-regulated and 113 were down-regulated in asthmatics versus normal
controls. A multiple logistic regression analysis was done using more stringent criteria (P<0.001 and
=5-fold change), and eight genes were selectad as candidate asthma blomarkers. Using these genes,
255 models (25-1) were generated. Among them, only 85 showed P<0.05 by muliple logistic
regression analysis. Based on the AUCs from ROC curves for the 85 models, we found that the best
model consisted of the genes MEPE, MLSTD1, and TRIM37. The model showed 0.9328 of the AUC
with 98% sensitivity and 80% specificity.

Conclusions

MEPE, MLSTD?, and TR/M37 may be useful biomarkers for asthma.

Keywords: Asthma, gene expression profiling, PBMC, ROC.

INTRODUCTION Go to:

Aslixmzus a cammm andhe‘lemgcueous respiratory disease characterized by intermittent
arway and that are related to chronic airway inflammation

andremodgh:g Pmlugjcalfemresnfm'aymnddmgmnhwdegobletcaﬂhypﬁphsu.
bepithelial fibrosis, collagen dgposition, mugosal gland hyperplasia, smooth muscle
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finger. Adrian Flatt, MD (personal communication) has been an inspiration, mentor, and
abounding with sage advice. He has extended congenital indications for pollicization to include
a thumb smaller than a small finger and I concur! Reconstruction of a small hypoplastic thumb
even a stable CMC joint will pale in comparison to pollicization of a "normal” index finger.
This decision requires a "heart to heart" conversation with the parents. The parents make the
ultimate decision but the established surgeon has substantial influence. I spend substantial time
explaining that "function trumps form” and that thumb ablation and index pollicization will result
in enhanced function versus reconstruction of a small scrawny thumb. In addition, people are
not very observant and a robust thumb with excellent function has better appearance
compared to a small skinny thumb that contributes little to hand function. When in doubt, I
recommend the parents discuss this decision with other parents who have made a similar

cult decision. This exchange is facilitated via a list of willing parents and support groups. Of
course, cultural influences are important factors to be considered during this decision making
process. Parents and society may ultimately negate the concept of thumb ablation and index
finger pollicization. The parents are welcome to keep the "thumb”, howeve
reconstruct a type [IB hypoplastic thumb as the results of index finger pollicization are far

I avoid surgery to

Cortical plasticity and motor relearning play a pivotal in functional following pollicization. There
a large region of the imotor cortex (SMC) lus dedicated to the hand.
Researchers are trying to understand the changes in SMC following injury, repair, and
reconstruction.5) Techniques inclide transcranial magnetic stimulation,
electroencephalography, magnetoenc: ¢, functional magnetic resonance imaging
(MRI), structural MRI, and positron emission tomography.5-9) Human cortical plasticity is a
complex process that involves the unveiling of previously ineffective connections and sprouting
of intact afferents from nearby cortical and’or subcortical territories

Giraux et al. 10) have demonstrated that after hand transplantation, the original SMC map for
hand activation is restored. The transplantation reverses the SMC loss following the initial hand
amputation. Similarly, successful toe transfer produces temporal activation within the SMC
cortex consistent with cortical plasticity.1 1) Functional MRI has demonstrated that a patient
learning to use their toe transfer lead to an expansion in their motor cortical representation.
Practice magnifies the changes within the SMC cortex. As the new motor skill is mastered.

there is a subsequent decrease in the amount of cortical representation. 5. 11) Functional MRI
studies have provided evidence that that motor reorganization continues to evolve over time
and may be modified by training and experience for a protracted time. These findings
suggest that prolonged therapy and training may be necessary to maximize cortical
reorganization and functional outcome

The effects of pollicization have yet to be studied with reference to cortical plasticity. The
locale and quantity of homunculus thumb representation before and after pollicization is an
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Abstract

Background

Methylated DNA immunoprecipitation (MeDIP) is a popular enrichment based method and can be
combined with sequencing (termed MeDIP-seq) to interrogate the methylation status of cytosines
across entire genomes. However, quality control and analysis of MeDIP-seq data have remained to
be a challenge.
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changes is subject of on-going studies.

Methods

Samples

The Tdg KO strategy, cell culture conditions and in-vitro differentiation procedure used to generate
the 18 wt and mutant samples analysed here were as described in Cortazar et al. (2011) [13].

MeDIP-seq

5 pg of DNA from each sample was sonicated to between 50 and 350 bp. Sonicated DNA was then
subjected to Illumina‘s paired-end library preparation and MeDIP enrichment was performed as

described previously [12]. Next generation sequencing (37 bp paired-end reads) was performed on
the libraries (size-selected to be between 150 and 200 bp) using an Ilumina GAIIx for each sample.

Data analysis

The generated MeDIP-seq data were analysed using our computational pipeline MeDUSA, which
constitutes several discrete stages of analysis and is publicly available from our homepage [18] and

via GigaScience[12]).

Sequence alignment, filtering and quality control

Paired end alignment against the mouse genome (Build NCBIM37) was performed using BWA

(v0.5.8) [20] with default settings. Initial filtering to remaoy
pair was performed using SAMtools (v0.1.9) [30]. Further
read scored an alignment score > =10. Additionally, for eat
aligned to the exact same start and stop position on the =
discarded. The filtered paired reads were written to file in t

regions and base pair overlap determined. Expected base pair cOverage was calculated from total
DMR, total LMR and genomic base pair counts. Observed/Expected ratios were determined. Random
genomic regions (500 bp, n=1,000-15,000) were analysed in a similar manner. 1,000 permutations
of the random data were performed; from this an empirical p-value could be calculated.

Availability of supporting data

The dataset supporting the results of this article is available in the Gene Expression Omnibu
repository, GSE27468, and the GigaScience database [19].
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MeDUS4 is a computational pipeline bringing together numerous software packages to perform a full analysis of MeDIP-seq data, including
zequence alignment, quality cantral (QC), and deterrnination and annaotation of DMRs,

It utilizes many applications in order to perform this task, From alignment (B'Wa) and subsequent filtering (Saktools), through generation of
nurnerous quality contral metrics (FastQC and MEDIPS). DMR identification and finally preliminary annotation of the DMRAs (utilizing the
capabilities of BEDTools),

Download MeDUSA

version 2 1 (15/08¢2013 - doesn't contain annotation files) - fixes bugs associated with CpG density and single replicate cohorts

version 2 0 (02/08/2013)

version 1,0 (03/04,/2012)

Publication: Wilson G&, Dhami P, Feber &, Cortazar D, Suzuki ¥, Schulz R, Schar P, Beck S (2012) Resources for methylome analysis
suitable for gene knockout studies of potential epigenorme modifiers, GigaScience 1013, doii10 1186/2047-217x-1-3
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TABLE 4. File types commonly observed among the 100 SDRs sampled.
particularly for export purposes.

File type category File type/extension

Archives ZIp, .tar, .tar.gz, stuffit (binhex)

Statistical analysis R, SPSS, SAS, STATA

GIS many SDRs indicated using GIS related files

including raster formats like .ml, ESRI
map file formats like .e00, and vector
formats like shp

Extensible markup xml, .sgl, .eml {ecological metadata
language ), VOTable (Virtual Observatory
Table)

Flat file Axt, .ascii, .csv

Image Aiff, .jpe. .gif, .pic, .fits and .png

Movie/multimedia wav, swi, .mpg, .mov, .mp3, .mpd, .avi,
quicktime and anis (Flash animations
applet)

Word processor pdf, .ps, doc

Spreadsheet xls

Presentation ppt

Proprietary or specific tools:

Geosciences Open Geospatial Consortium’s Web Map

Service (WMS) map and legend images,
Web Feature Service (WFS) vector
source data in GML format, Web
Coverage Service (WCS) raster source
data in GeoTIFF format NetCDF
(common data format, hitp:/faww.
unidata.ucar.edu/software/netcdffidocs/
fag.html) and .gnb (grndded binary)

(Medicine) bioinformatics GO, FASTA, Contig
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61(2010): 2029-2048.
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Pocket flashlight-elicited Quincke pulse for aortic
dissection diagnosis
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A 62-year-old man, without a medical
history of cardiovascular disease, was
transferred to our hospital due to sud-
den-onset chest pain. His blood pres-
sure was 101/21 mmHg, and heart rate
was 87 beats per minute. A physical ex-
amination revealed a diastolic mur-
mur, but we could not find an obvious
Quincke pulse, only by nail bed pres-
sure. However, applying Quincke's
pocket flashlight method revealed
momentary accentuation of reddening
of the nail bed and fingertips of the
left hand (Fig. 1 and Supplementary
Video 1 [available online at http://www.
kjim.org/]). We suspected aortic regur-
gitation associated with an aortic dis-
section, which was confirmed by
trans-thoracic echocardiography and
contrast-enhanced computed tomog-
raphy. Therefore, we performed an
emergency operation, and his clinical
course was good.

Aortic regurgitation is one of the
most common causes of death in pa-

tients with an aortic dissection. How-
ever, the sensitivity of auscultation for
detecting a diastolic murmur is very
low. Therefore, at our institution, we
have added several other physical signs
and imaging modalities to diagnose
aortic regurgitation in clinical prac-
tice. The Quincke pulse is a famous
physical sign, but it is also difficult to
define without a microscope and mi-
crocapillary tonometer. To address
this problem, introduced the pocket
flashlight method, whereby a light
source is used to illuminate the fin-
gers. We diagnosed aortic regurgita-
tion based on a diastolic murmur and
the Quincke pulse as determined us-
ing the pocket flashlight method. This
method is a simple tool for diagnosing
aortic regurgitation in patients with
chest pain.

Conflict of interest
No potential conflict of interest rele-
vant to this article is reported.

Figure 1. (A) Diastole; pocket flashlight illumination easily reveals pulsatile redness. (B)
Systole; redness of nail bed moves slightly towards the fingertip. Capillary redness moves
towards the right side of the figure during systole (white arrow shows movement of capil-

lary redness towards the fingertips).
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fingertip. Capillary redness moves towards the right side of the figure
Guring systole (white arrow shows movement of capillary redness
towards the fingertips).
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E A 62-year-old man, without a medical history of cardiovascular
§ disease, was transferred to our hospital due to sudden-onset chest pain.
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minute. A physical examination revealed a diastolic murmur, but we
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course was good.
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Aortic regurgitation is one of the most common causes of death in
patients with an aortic dissection. However, the sensitivity of
auscultation for detecting a diastolic murmur is very low. Therefore, at
our institution, we have added several other physical signs and imaging
modalities to diagnose aortic regurgitation in clinical practice, The
Quincke pulse is a famous physical sign, but it is also difficult to define
without a mieroscope and microcapillary tonometer. To address this
§ problem, introduced the pocket f lashlight method, whereby a light
s source is used to illuminate the fingers. We diagnosed aortic
; regurgitation based on a diastolic murmur and the Quincke pulse as
g determined using the pocket flashlight method. This method is a simple
;é tool for diagnosing aortic regurgitation in patients with chest pain.
2
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samples from other ethnic groups was obtained from a large
panel of: lated DNA samples from the Human
Variation Panel, igh the Coriell Institute for Medi-
cal Research (Camden, NJ, USA). We specifically used sets of
DNA samples obtained from four distinct ethnic groups resid-
ing in the USA, including 48 Han Chinese, 48 Japanese, 48 Afri-
can and 48 European Americans individuals. The
sample size was sufficient to achieve the ethnic diversity (15).

Sequencing analysis of DPYD

Promoter, all exons, and exon-intron boundaries were PCR-am-
plified and directly sequenced using the ABI PRISM 3730 genetic
analyzer (Applied Biosystems, Foster City, CA, USA). Primers for
the amplification and sequencing analysis were designed using
Primer3 software (http://frodo.wi.mitedu) based on the se-
q of DPYD. The coding seq of the gene was compared
with a GenBank seq (Ref seq.: NG_008807.1). In-
formation on the primers is

REIE LSRR R R
Sequence variants were verified by chromatograms using Seq-

Man software (DNASTAR, Madison, W1, USA).

Statistical analysis
The chi-square tests were used to determine whether individual
were in Hardy berg equilibrium at each locus in
each population. Fisher’s exact test was calculated by using the
Statistical Analysis System 9.2 (SAS). For in silico analysis, we
used FastSNP (hup://fastsnp.ibms.sinica.edu.tw), Expasy
(lmpﬂapasy mymls) and UTRScan (http://itbtools ba.ith.
cnrit/, to predict the function of novel SNPs.

progr

Ethics statement

The protocol and consent forms of this study were reviewed
and approved by the institutional review board of Sogang Uni-
versity (2010_690). Infg d was d by the
subjects.

RESULTS

In order to discover DPYD SNPs, we directly sequenced 288
samples from five ethnic groups (Korean, Han Chinese, Japa-
nese, African American and European American). As a result,
56 SNPs were found, including 18 novel SNPs. Among the novel
SNPs, five (+199381A > G, Asn151Asp; +199404T > C, Phel58Phe;
+221378A > G, Val162Val; +221531C > T, Asp213Asp; and
+841B47T > C, Leu993Arg) were located in coding regions (Ta-
ble1).
MAFs and relative physical coord! of all SNPs are sh

in Table 1 and Supplementary Fig. 1. Allele frequencies were
nearly the same among the Korean, Han Chinese, and Japanese
samples, whereas several SNPs showed different genetic distri-
butions between Asians and other ethnic populations (African

N30  hupijkms.erg

American and European American). Among those SNPs, the
frequency of a core marker, *9A (rs1801265), in Asian popula-
tions was somewhat lower than in the African American and
European American samples (MAF: Korean = 0.016, Han Chi-
nese = 0.043, Japanese = 0.065, African American = 0.490, Eu-

ropean =0.177). In other core markers, *7
(rs72549309), *8 (rs1801266), “2A (rs3918290), *9B (rs1801267),
and *10 (rs1801268), were phic in all the studied

In order to find significant differences in allele frequencies
between Korean and other ethnic groups, Fisher's exact test
was additionally conducted (Supplementary Fig. 1). The test re-
sults indicated that there were significant differences between
Asians and other ethnic populations (African American and
European American) in the six SNPs (“9A, rs668296, rs2811178,
rs56160474, rs291592, and rs291593). Among them, a core
marker *9A (rs1801265) showed the most significant differenc-
es (P =661 x 10™ and 2.47 x 10 for Korean vs African Ameri-
can and Korean vs Europ ! P ly).
Mmd\emamlnlnnjormdmkmalldswmohsuwd
lnrsZSlsm[Cnlldelsmalorln.\slm\shmmmlnMﬁm
A and Europ rican). Also, genetic difference
was also observed within the Asians in rs291593 (T allele is
common in Korean and Han Chinese, whereas it is rarely found
in Jay Alfrican and Europ ). De-
tailed about core such as star allele no-
menclature, position, allele change, amino acid change, and

any known roles in pharmacogenetics is presented in Table 1.

DISCUSSION

DPYD is an enzyme that takes part in a rate-limiting step of
5-FU catabolism. Previous studies have shown that the enzyme
deficiency state of the 5-FU degradation pathway causes dam-
age and degeneration of the central nervous system (8, 14, 16).
Thus DPYD is known as a biomarker of severe toxicity in che-
motherapeutic agents. Several DPYD polymorphisms have
been reported as dlinical loci associated with a reduced level of
enzyme activity and severe 5-FU toxicity, and these polymor-
phisms are called “core markers” The most studied core mark-
ersare DPYD*9A (rs1801265) and DPYD*2A (rs3918290) (17-19).
The core marker *9A (rs1801265) is located in the coding re-
ymundhdlmamhnnddchang[cyﬂ.dnemmﬂm)ﬂm
may affect enzyme activity. It is relatively inC

populations (MAF > 10%), although DPYD enzyme activity is
not affected by the polymarphism (20-23). This polymorphism
is rare in Asian popul butp studies have reported
that the incidence of clinical tion of enzyme deficiency
caused by heterozygous *9A (rs1801265) is significantly higher
than the wild type (P < 0.05) in the Chinese population (23-26).
In this study, & of *9A (rs1801265) showed a similar trend

http:/ide.doi org/10.3346/jkms 2013.28 81129
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1 Supplementary Table 1. Comparison of minor allele frequency of *9A (s101265) ||
b studies 1

and 2A

study

Y7 S ——

9 *2A (5391

Presentstudy KR 0.016 -

HC 0.043 =

» 0,065 -

AA 049 -

EA 0177 -
Previous studies KR 0,025 (24) 0124)

HC 0.05 (25) NR

P 0.037 (26) 03

CA  0.16(19,0.21 21).0.3423)  0.013,0.007 23)
MAF, minor allele frequency; -, NR, not reported; KR, Korean; HC, Han

. monomorphic;
Chinese; JF, Japanese; A, African American; EA, European American; CA, Caucasian.
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Parasitic mites as part-time bodyguards 3 g 0]
30 4 = 70
of a host wasp B g 601
Kimiko Okabe® and Shun’ichi Makino § 20 '5 ig‘
Forestry and Forest Products Research Instnute, Toadeuba, Ibaraki 305-8687, Fapan 304
Some bees and wasps that host mites have peculiar podm-lh structures cdled u‘mnnl These have 1 20
Jong beenconsidered as morphological adaprations Jy transfer dih g: IO-H
are thought 1o be the produat ol’a muual;uc rdamns.hnp However, there has been litde oonpdlng 0 > T - T T u = 0.
evidence lo suppon this h h We d that the itic mite Endiniela parasinca, \duda 5 IO‘ 5 20 6/23 7”3 &1 ” 621 6 25 816
uses lhe. productive suceess of its host wasp ABdwerus ddphomalis by p ing it mite a0, cell~! 2007

IEP T AT

acasa da

from parasitoid wasps. Every time the

or pupal wasp host

cell, adultmites anacked it, continuowsly dinging to it and possibly piercing the intersegmental membrane
of the panasitoid with their chelicerae. Subsequent mortality of the parasitoid d ded on the berof

attacking mites: an average of six mites led to a 70% chance of murulty. :nd 10 mites led to a 100%
chance of mortality. In this way, parent mites protect the food source (ji le wasps) for th elves and
ultimately for ther offipring. We propose that wasps evolved acarinaria to maintain this protective

guarding behaviour.,
Keywords: inari

1. INTRODUCTION
Mutualisms are ubi:pilous in nature and are of funda-
mental importance in ecmyncm However, we face

arthropods, including mites, and are assumed to mediate
mutualisms (Walter 1996; Agrawal & Karban 1997).
Pockets on some lizards are similar to domatia in that

Figure 2. Frequency distribution of mites in A. ddphinae
brood celk from nests collected in the field between 2006
and 2007. In total, 348 nests containing one 1o five cells
‘were examined.

3. RESULTS

In 92.8% of host celks infested by mites, mite numben
ranged from 1 to 23 (figure 2). The mode of mites per cell
w5 and the average was 6 4.3 (mean £s5.d., n~348).
The digtribution of mite numbers in a cell (figure 2) was
not random (x*=160.154, p=0.00) but ennc:mnl:d

date

Figure 3. Number of juvenile wasps surviving to adulthood
(white area), killed by s Kleptoparasitic fly (disgonally striped
areas), killed by the parasitoid M. acasa (black areas) or died
for unknown remons (vertically striped areas) in 2006 and
2007 at the study site (5 X 10 m quadst within an approx.
50 1500 m strip of S, dlosama).

‘The probability of mites killing the parasitoid dq)en-

ded on the number of mites present (logistic regression
lmlym.x,--lz »MB ,£<0.00001; figure 4a). Under mite-

(variance : mean = 2.94, p=0.00). Nests were
infested with other nawral enemies, including the
pamsitoid wasp (M. acasa), a Kepropamasitic fly and

the parasitoid laid several eggs on the host,
similar 10 previous reports for many Mduwbia species
(Maera 1978; Dahms 1984). While the number ofanacks
on a single pansitoid was significantly higher with seven

several chall in zing these im they harbour mites, athough they may have developed to unlmown pathogens. The llt:r two enemies occurred . :

due 1o their instability across environments, as well as in  concentrate blood-sucking chiggers in less sensitive fie ly, with annual i rates of less than 5%  than with three mites .(!"3-'”1 lp-:O.DOOSl 5.)' the
defining particular relationships as 1 Bouch Yosath this swoldiog le damage 10 the skin (ﬁc\u 3). Akbough very low in the first year, the infesta- number of attacks per mite was not significantly different
1985; Cushman & Beattie 1991; Douglas 1994 Herre (Ammold 1986; Benton 1987). Other interesting but tion rate of M. acasta greatly increased in the second year ~ DEIWeen stvin and three attacking mites (2=0.333,
et al. 1999; Wickers er al, 2005), For example, a broad are the scasinariafound in some groups (figure 3), in paralle] with increases in the population p=0.7388; figure 45,8). When the panasitoid died, almost

continuum of heterospedfic interactions exists among
two or more organisms that provide unequal reciprocal
benefits, and the relatiorships among all associated
organikms cannot always be cleady and direaly defined.

d‘ Hymenoptera (figure 1; Skaife 1952; Soika 1987;
OConnor & Klompen 1999; Makino & Okabe 2003),
Acarinaria are considered one of the best examples of a

listic ad ion b they are app ly

density of A. ddphmahis. In the field, 70% of cells invaded
by M. acasta had a single parasitoid (with an average of
1.52 £ 1.0, n=133). When the pamsitoid and aduk mites
co~occurred in a host cdl, clh:r all mites or all pnuoua

all mites survived 1o produce offipring on the pupal host.
However, when the parasitoid successfully hid eggs onthe
host, all mites and the host died.

For example, many ants live on plants that provide the  gpecialized to shelter mites, and exhibit a high |peaﬁmy died. In celk without parasitoids, the mites | 4. DISCUSSION
ants shelier and nutritious nectar, whik the ants attack  perween hosts and mites. This hypothesis assumes that their normal life cydes on the lm Ous results provide the first evidence that the relatiomhip
and thus proteat the plant from hesbivores that would  gecociated mites benefit hosts by destroying harmful For a more detailed analysis of i b the biotic mite E parasitica and its host

otherwise damage the plant; yet, if no herbivore enemy
appears, the plant recdves no benefit, whilke the ant
continues 1o benefit from the food and shelter (Wickens
er al. 2005; Bronstein er al. 2006). In addition, the
nature of many interactions are difficult 1o demonstrate
bcnux the extent of benefit 1o cach organsm can be

1} ble (B in et al. 2003, 2006;
Sachs & Simms 2006) or one interaction may be
masked by another (e.g. hizal fungi and end:
biotic bacteria of inseas; Finer & Moyersoen 1996;
Scarborough et al. 2005).

In interspedific relationships b | mites and other
omgankms, among the most intriguing phenomena are
the distinctive external structures found on some hosts,
For example, some plants develop leaf domatia, rufts of
hair or small i inati on the derides of leaves,
which function as shelters for predatory or fungivorous

. Antorfa' cﬂpﬂm (kimikook @fpriafrc gajp).

Ele:um: supplem entary material is avallable at h:p».v&.dn.orym
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pathogens or parasites (Eickwort 1994; OConnor &
Klompen 1999), although no supporting evidence to
date exists, and Kiimov er al. (2007) suggested that acari-
naria on apid bees developed to control harmful mites.
Several genera of cumenine wasps have well developed
acarinaria on both sdes of their scutellum, propodeum or
the second matsomal tergite, in which they harbour
specific ensliniclline mites (Soika 1987; Eickwort 1994;
Klompen & OConnor 1995; Makino & Okabe 2003).
Among them, Alladynerus delphinalis (Giraud 1866) is the
only species whose Efe history with its assocated mite
Endiniela parasitiaa (Vitzthum 1925) is known. The wasp,
which ranges from Europe to Japan (Yamane 1990;
Klompen & OConnor 1995), i a small (adult body length
6-10 mun) solitary hunting wasp that nests in dead plant
stems by excavating thar pith (Enslin 1922; Benno 1945;
Crévecoeur 1945). This wasp makes one 1o seven brood
cells (approx. 4.5 mm in diameter, 20 mm in length) ina
- Bt and its life cyck is amiar to that of other wbe-
| nasting eumenine wasps (see Krombein 1967). A femalke
] adult lays one egg in a brood cell, which she provisions

This journal is © 2008 The Royal Sociery

the parasitoid and the mites, we observed their behaviour
in the lsboratory. At the btmnng of lhc cxpermem (I'nr
the first 1-3 days), the & d

walked on the surface of the tube or the hhst, but spent
most of the time hiding near the cotton plug. By contrast,
the mites usually crawled on the surface of the host or the
cell wall (see elecronic gupplementary material 1),
Although the mites did not interaat much with each
other, even during occasional encounters, when mites
encountered the pansitoid, both females and males dung
to it, whether it was on or off the host, and the pmslmd
manptd to escape from the clinging mites (el

wasp A. delphingiis & a mutualism |htt is usually masked
by parasitism. The mutwlism & mediated by protection-
reward: the mite protects the host wasp and feeds on the
host’s haemolymph as a reward that does notkill the host,
Solitary wasps genenally employ various strategies for their
offspring in terms of nest structure (Tepedino eral. 1979)
or behaviour (O'Neill 2001) against natural enemies.
H , the use of symbik as ‘body ds' against
natural enemies has never been documented in either
solitary or sodal Hymenoptera (Schmid-Hempel 1998;
O'Neidll 2001). Predatory organisms may become reliable

supplementary materials 1 and 2). In some cases, anacked

pamsitoids eventually died. Based on olservations of
mites clinging to an myurad p-rutmd the mites may
piercethe i &g pamsitoid with
their chelicerae. However, in other cases, the p itoid

defenders of their bogts, as in many ant-plnt mutualisms
(Bromstein et al. 2006); however, E parasitica and related
species are not known to prey upon other spedes,
although some might be accidental predators (OConnor
198.) Our results provide the fist evidence of any

counter-attacked mites by biting them repeatedly on their

dorsum (electronic supplementary material 3). Although

the trigger of this aggression in M acaga was unclear,
physical contact with the host (A. defphkinalis) appeared 1o
promote the behaviour during the first 12-72 hours,

Proc. R. Soc. B (2008)

gnatid mite having 2 often lethal, con-
frontations with a parasitoid. Howcvu', the mite does rm
seem to have a physi ly adapted to
killing parasitoids, and we suspect that by dinging to the
encmy with their chelicerae, in the same way they pierce
the skin of the wasp host to feed on it, they haphazardly
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Movie 1610, mpe)

This is the first movie to successfully demonstrate the dynamic process of fertilization in Time-lapse cinematography of dynamic changes

human oocytes in vitro [12] whereby once the leading sperm was attached to the cocyte urting during in vitro dex [Am J Obstet Gynecol. 2008]

membrane, the following sperm stopped further penetration within
h d our hypothesis that a novel could

polyspermy block in the human fertilization process. (MPG 12897 kb

4

Feedback

Movie 2(26M, mpt)

This movie represents the same TLC imaging used to make Movie 1.
sperm (blue circle) traveled within the ZP and moved across the peri
following sperm (red circle) was also steadily penetrating within the 3
leading sperm was attached to the cocyte membrane, the following sy
penetrating within the ZP even though the following sperm was far ay
sperm attachment site. (MPG 2680 kb)

Movie 303 mpe)

The penetration of the following sperm in this case was also inhibif
attachment of the leading sperm to the oocyte. (MPG 2243 kb)

leading s

Movie 4(6, mpe)

T

This movie represents the same TLC imaging data used to make Movies 2 and 3. It shows
that even though the tail of the following sperm was still moving actively, the sperm did not
penetrate further. (MPG 2680 kb)
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Abstract

Purpose To analyze the fertilization process related to poly-
spermy block in human oocytes using an in vitro cultuning
system for time-lapse cinematography.

Methods We had 122 oocytes domated for this study from
couples that provided informed consent. We recorded human
oocytes at 2,000 to 2,800 frames every 10 s durmg the fertil-
ization process and thereafier every 2 min using a new in vitro
culture system originally developed by the authors for time-
lapse cinematography. We displayed 30 frames per second for
analysis of the polyspermy block durmg fertilization.

Condusions The present resuls strongly suggest the existence
of a novel mechuuml of polyspermy block that takes place at
the zona pellucid diately afler fertilization. These find-
msmciﬁdydiﬂ'mtﬁunp‘evm mechanisms describng
polysparmy block as the oocyte membrane block to sperm
penetration and the zona reaction. The finding presented herein
thus represents a novel discovery about the highly complicated
polyspermy block mechanism occurning in human oocytes.

Keywords Polyspermy block - Time-lapse ci phy

(TLC) - Human fertilization process - Zona pellucida -
Embryonic devek

Results Three oocytes showed the leading and foll
sperm within the zona pellucida in the same mi
field. The dynamic images obtained during the l‘ulllmlmn
process using this new system revealed that once a leading
sperm p d the zom pellucida and hed to the
oocyte membrane, a following sperm was amested from
further penetration into the zona pellucida within 10 s.

Y

Introdu ction

The development of assisted reproductive technology (ART)
has rm'lly mblad the dlmclobsm'atm ufhman oocyles,

Capsule We found that the novel mechanism of polyspermy block
which is defartely different from the membrane block o1 zama resclion
in human fertibizstion process using time -bipse conematography.
Preliminary resuks of this stady have been presented at the 656 armual
meeting of Amencan Society of Reproductive Medicine (ASRM ) in
2009 and 3rd Congress of the Asia Pacific Initistive on Reproduction

£ SRR e o e e e e e e e e e e e e

1 Electronic supplementary material The anline version of this article

1 (doi:10.100%s10815-012-981 5-x) containg supplementery material,
which & availsblk (o suthorized users.
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h i g the bcgm-
ning of ifc Howeva, it is undeniable that ﬁ'oquwl micro-
scopic examinations of human early embryos may have
negative effects on them, makmg it difficult to obtain reliable
ddtailed information of human embryonic development from
still images. We therefore developed anin vitro culture system
for time-lapse cinematography (TLC), based on Payne ot al
[13], to analyze the marphologically dynamic events occur-
ring during arly Iuman unbryomc d}:wlopm Thissystem
cnables and ging of human
oocyte fertilization and embryonic development.

Our previous dynamic analyses of the fertilization pro-
cess in human oocytes and of human embryonic develop-
ment using the in vitro TLC system [12) confirmed for the
first time the detailed time course of sequential events dur-
ing embryonic develoy and aled novel ph
[fertilization cone, cytoplasmic strand, and splitting of the

&) Springer

3 Assist Reprod Gienet (2012) 29951-956

953

The cthics committee of the Japanese Institution for

Fullnwms sperm p:nﬂried the ZP together with the leading

Standardizing ART (JISART) approved our study p 1.
Results

Of the 22 imaged oocytes, in which penctration into the ZP
and attachment to the oocyte membrane of the leading
spermn were confirmed, the leading sperm attached to the
oocyte membranc within an average of 96 min after msem-
ination, and the sperm head disappeared an average of
37 min afler attachment of the spemm to the oocyte mem-
brane. There was no difference in the time course of the
fertilization process between the three oocytes subsequently
chosen to analyze the mechanism for prevention of poly-
spemny and the remaining 19 oocytes.

Figure 2 shows the results of analyzing each TLC frame of
the selected oocytes (Oocyte 1, 2 and 3), in which the

Fig. 2 Dynamics of the lesding sperm and !olmvlng sparm. The
sperm fertilizing the oocyle (Indu; spcln] u mlnhd by a Mu
circle, whike the sperm foll the fe

spam. P foll spam into the ZP was
amested within Iﬂsnﬁalhelmim sperm attached to the
oocyte mambrane, even though the tail of the following sperm
was still actively moving in all three oocytes (Fig. 2). Addi-
tional data are given in Supplementary Movies 2 to 4 (Online
Resource 2 10 4).

Next, we analyzed the time course of the distance that the

leading and following spemms traveled in the ZP (Fig. 3).
The following sperm traveled at a similar velocity to the
Icudmgspcm until the Imdmgspemlmhedto the oocyte

gthe ZP. H , once the leading
sperm reached lhe oocyte rnunlnm across the penivitelline
space, the following sperm i diately ceased further
penctration, within 10 s. The behaviors of the leading
and following sperm were identical among the three
oocytes.

17008 17108

stschment of the kading sperm o the cocyse membrane (a, b). The
lesding sperm sttsched ®0 the cocyle membrane 1,850 s (30.8 min)

ipcn)lxmdw:rddvkmlhwuwytu(ll Svanul
of the images contsining both leading and followmg sperms were
magnified to facilitste olservation of the process (b, ¢, d). The images
were acquired in 10-5 infervaks. With regard o cocyte | shown i e
upper panel, both the lesding and fullowing sperm penetrated b e
2003 pellucida from the beginning of maging %o shorlly prior to te

after the beginning of enaging (¢), and the peneration of the following
sperm wis mhibited 3 1860 4 (d), which ® within 10 5 afler the
sttschmesnt of the lesding sperm © the oocyke membrane. Wit reged
10 cocyte 2 shown in the middle panel snd cocyte 3 shown inthe lower
panel, the penetration of the following sperm was abio mhibised within
10 5 after he anachment of the kading sperm © the 0ocyke membrane
(e, d)
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Movie S1

AS cell pulsations in the WT. A short movie of an UbiCadh-GFP,c381Gal4 embryo imaged
using time-lapse confocal mi y showing an early stage of dorsal closure. Note how AS
cells pulsate. The total elapsed time is 37 min and the frame rate is 30 s/frame.

MoV

Click here for additional data file (= =)

Movie 52

AS cell pulsations in DRhoGEF2 maternal mutants. A short movie of an UbiCadh-
GFP/DRhoGEF2'2)24:5: embryo imaged using time-lapse confocal microscopy showing an
early stage of dorsal closure. Note how AS cells pulsation is diminished compared to the
WT. The total elapsed time is 37 min and the frame rate is 30 s/frame.

(MOV)

Click here for additional data file (35% mo)

Movie S3

AS cell pulsations upon DRhoGEF2 overexpression. A short movie of an UbiCadh-
GFP,c38:Gal4/UAS-DRhoGEF2 embryo imaged using time-lapse confocal microscopy
showing an early stage of dorsal closure. Note how AS cells pulsate with a different behavior
compared to the WT. The total elapsed time is 37 min and the frame rate is 30 s/frame.

(MOV)
Click here for additional data file, =)
Movie S4

Germ-band retraction in WT. Movie of an UbiCadh-GFP,c381Gal4 embryo imaged using
time-lapse confocal microscopy showing germ-band retraction and beginning of DC. The
total elapsed time is 300 min and the frame rate is 10 min/frame.

(MOV)
Click hers for additional data file (5% mer)
Movie S5

Germ-band retraction in DRhoGEF2 maternal mutants. Movie of an UbiCadh-

P/DRhoGEEZ" 4% embgimagedmsing timasimpse confocal micrgscopy,
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Abstract

Coordination of apical constriction in epithelial sheets is a fundamental process during
embryogenesis. Here, we show that DRhoGEF2 is a key regulator of apical pulsation and
constrigtion of amnioserosal cells during Drosophi rsal closure. Amnioserosal cells muta)

Movie_S1 mov

AS cell pulsations in the WT. A short movie of an UbvCadh-GFP, c381Gal4 embrya imaged
using time-lapse confocal microscopy showing an early stage of dorsal closure. Note how
AS celis pulsate The lotal elapsed time is 37 min and the frame rale is 30 s/frame.

Movie 51
AS cell pulsations in the WT. A short movie of an UbiCadh-GFP.c381Gal4 embiyo imaged
using time-

using time-lapse confocal microscopy showing an early stage of dorsal closure. Note haw AS
)™ "Cais pusate. The total elapsed time s 3dmin and the frame rate is 30 s/frame.
L doi-10.1371/journal pone 0023964 5001 |
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Movie S2.

AS cell pulsations in DRhoGEF2 matemal mutants. A short mavie of an UbiCadh-
GFP/DRhoGEF21204%%! embryo imaged using time-lapse confocal microscopy showing an early
stage of dorsal dlosure. Note how AS cells pulsation is diminished compared to the WT_ The
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II activity, or expremion of a comstitutively active form of the
rumm Duq;!nnnu D) that stimulites actin polymerization,
i ious odl through changes in the
ubudhiw localization of myosin II, demonstrating the role of
these Rhol efeciors in the regulation of AS cell pulsations [16].
The upstrean regulitor of the Rbo signalling patiway,
RhaGEF2, was mitially charactenised as a mgulawr of apical
comstriction duning formation of the ventral furrow [17,18,19] and
In.l luhqnully been shmm to moxdmze contractie forces
in by lating the asoci-
auonofmyoﬂnl[wlhmnufammmlealh[?ﬂ] Here,
we show for the irst time that DRhoGEF2 plays a crudial role in
AS apical constriction through the regulation of myosin 11
subcelhilar localization and control of the AS cells pulsating
belwviour upstream of Rho signalling

Results

1. DRhoGEF2 plays a role in Dorsal Closure

DRboGEF2 ha been shown to be expresed in AS odk [20]
but the amlysis of the funciion of DRhoGEF2 during dorsal
dosure ha been precluded by its earlier role during gastrulation.
We started by confirming that DREoGEF2 & indeed localized at
the right place and time to phy a wle in dorsal dosure. In wild-
type (WT) embryos, DRhoGEF2 protein accumulates along the
leading edge of the doralmost epidermal cells and apically in AS
cels (Fig. 1A). DRboGEF2 localization in AS cells is increaved
cortically (Fig. 1A C, the outlines of the cells are marked by
Amadillo).

To investigate whether DRhoGEF2 regulates apical constric-
lmquScdsdmngdo-nldmmw! ok lom mdg-nd'

ch

DRGEF2 Regulates A Cell Rk

first 100 ms of recoil, in the WT is 134215 pm/s (Fig. 2M)
wherem in the DRAGEF? mutant it is 1.820.7 pm/s, which
represents a decrease in the mutant of akmost one onder of
magnitude, ndicating that the mutant & under less terion and/
or is more viscous. This result is in line with the value obtained
for the coeficient D, caloulated using a po fit to the first
5 3 of recoil (Fig. 2M). The lower vahie obtained for the mean D
in the mutant (0.230.09) is also an indication that the tissue is
under leis temion than the WT (1.3420.07). The values of
exponent & suggest that the mutant fimue may be more fluid than
WT (0.63320.232 #5 0.396=0.015).
mmnbmdmnv,hw'l'mdbkhuﬁm
B igniicantly diferent Fg. 2M, see ako
[11]), indicating ot s the nsion in DRROGEF? expn g
cells is similar to WT or that an increase in tension is compensated
by an increase in viscosity and stilfoess. However, the vasiance of
D i higher when overexpressing DRhoGEF2, comitent with a
wider dutnibution of meol di ments m shown i the
respective graph (Fig. 2M, grey and yellow shadows). Interestingly
the decreme in exponent @ when DRhoGEF2 b overexpresed
indicates a transition to a more solid-ike amue. Exponent & varies
between 0 and | and lower values are chanacteristic of more solid
mal.uuh [21]. Taken together, the results of the hole drilling
support the hypothesis that DRboGEF2 regubies
tissue tension in AS cels. In particular, the average tension in
DRiwGEF2 mutant cells seems to be lower than in WT, and the
overexpression of DRAGEF2 results in a tissue that is less Suid and
more sobid-like.

3. DRhoGEF2 regulates AS pulsations
In order to find out whether DRhoGEF2 tes AS

function agp DRAGEF2 d zygotic h
significant changes of key conponens of the contractle
machinery; myosm Il was deady reduced (Fig. 1G) and Factin
wan more dsorgansed (Fig. |H) in the AS cels when compand to
WT (Fig. | D F). However, as DREoGEF2 plays an important
role during gmtrulation [17,18), it was dificuk to find embryos
reaching donsal dasure stages, and the few that did were too
abnormal for a more detaded amlysis. To get around this
limitation we used matemal mutants in which there & a paternal
rexcue allowing us to obtain embryos with reduced DRhoGEF2
function for analysing cell shape and dynamics. When stained for
Am to mark cell outlines (Fig. 1I), these DRAWGEF? maternal
mutant embryos showed several tsue organcation defects in the
epithelial cells and in the AS. The keading edge of the dorsl-most
epithelial mutant ol was imegular, in contrast to the WT
(compare Fig. 1l with 1B). In the WT, all central AS celks showed
simiar expaed apical surfice arem (Fig. 1B), whereas in the
mutant, neighbouring AS cdb presented very different apical
arm (see amows in Fig. 1L In contrast to the mutant,
overexpremion of DRoGEF2 in AS cells resulted in increased
level of myosin Il and F-aciin {compare Fig. 1] with 1D and
Fig. 1K with IE).

2. Cellular tension is affected in DRhoGEF2 mutants

In order to test whether DRhoGEF2 activity has a direct
impact on tissue mechanics we amessed the cellular tension of the
AS by performing a series of hole drilling experiments in embryos
with reduced or increased DRoGEF2 activity. We hiser ablated
a subcelhlar cylindrical hole through WT AS cels and we
tracked the subsequent recoil of adjxcent cedk in order to
cakulate recoil parameters that allow ws to evaluate odhdar
tension (see Fig. 2 (A L) and Materials and Methods, [11]). The
mean initial recoil velocity (vy), determined via a linear 6t to the

:@. PLOS ONE | www plosone org

l we i igated the dynamic bel of the AS cells
lumortd:unl by puﬁﬂn-lg hgh qxed time-lapne imaging with

boelk. free ) ] Methods). The compar-
lmufmnldwnldwmdymm:xmmald
DRGEF2 matermal zygotic mutants was not pomible as the
embryos with that genotype were extremely deformed. In
DRRGEF2 maternal mutants, tha were more amemble for
time-hapse maging, dorsal closure was slower than in WT but the
phenotype was very variable (Fig. 3A B). When DRboGEF2 was
overexpressed specifically in AS cells domal dosure abo took
longer to be completed but, as described above, the average apical
surface of the AS cells was significandy smaller than WT and the
AS seemed more demsely packed (Fig. 3C). To quantify the
dyrmamics of dorml dosure in the different genotypes, we focused
on eady dorml dosure stages, starting at stage 13. In the WT
(Fig. 3A°, lemen Movie Sl), AS cells showed a el
pulsation %ﬁ;ﬂ, upper graph) and an
:uzn,zail-amylmdz of 49230 pm? (Fig. 4A, upper graph),
consistent with what has been previously described 8. The
amlyss of DRAGEF? maternal mutants revealed that the
pulmtion phenotype & variable, mnging from celb with almost
no pulsations to cases that showed very iregular oscillations (see
representative examples in Fig. 3B' and Movie 82). In this case &t
wm pot posible to calcubite a meaninghd average period or
amplitude, as the mxjority of the cels do nat exhibit a dear
periodic behaviour. Therefore, we conchude that DREoGEF2 is

required for AS cell pulsations.
In DMF”WMP’_I‘ AScdl(Fg 3C" 3 the
i dto 2613 pm' d to

w'mux‘n mWT(Fg 4A), and period, 3871195, ulnn;r
when compared to 248264 s in WT (Fig. 4B). For this genotype
the distribution of amphtudes i dearly skewed wands lower
litudes, however, the distribution of the ratios amplitude /cell
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Movie 81 AS cell pubations in the WT. A short movie of an
Ubi Cadh-GFP,c381Gal4 embryo imaged wing time-lapse confocal
microscopy showing an early stage of dorsal dosure. Nowe how AS
cells pukate. The total elapsed time is 37 min and the famerateis
30 s/frame.

MoV

Movie 52 AScﬂlplbumun DREoGEF2 maternal mutants. A
short movie of an UbiCadh-GFP/DRAGEF2™"  embryo
imaged wsing time-lapse confocal microscopy showing an eardy
stage of dorml dosure. Note how AS cells pulsation is diminished
compared to the WT. The total chipsed teme is 37 min and the
frame rate is 30 o/frame.

MOV)

Movie 83 AS cell pubations upon DREoGEF2 overexpression.
A short movie of an UbiCadh-GFF,c381Gal4/UAS-DRAGEF2
embryo inaged wiing tine-hipse confocal microscopy showing
an early stage of dorsal dosure. Note how AS cells pulsate with a
different behavior compared to the WT. The otal ehapsed time is
37 min and the fame rake is 30 s/frame.

MoV)

Movie $4 Germ-band retaction in WT. Movie o an UbiCadh-
GFP;381Gal4 embryo imaged using time-hpee confocal micros-
copy showing germ-band retraction and beginning of DC. The
total elapsed time is 300 min and the frame rate & 10 min/frame.
MoV)

Movie 85 Gemn-band mwaction in DRboGEF2 maternal
mutants. Movie of an UbiCadi-GFP/DRAsGEF2*%?%! embryo
imaged using time-lgne confocal microscopy showing germ-band
retraction. Note that some AS cells are bigger than WT. The total
elapsed time i 500 min and the frame rate i 10 min/fi

DRhoGEF2 It Cell Puk

Movie 87 Myain coaleicence m WT. Aimmwzof-:

UbiCadh-GFP/ Sygh-mChary 381 Galf exnbaryo maged using time-tapne
m&nlmumpyﬂmlgm-dyngdwchm_m:
that Myasin 1T coal tated with cell deformatians. The

total elapsed time is 1290 la::ﬂdl frame rate is 5 o/Fame.
MOV)

Movie 88 Myosin canlewcence in DRboGEF?2 mtermal mutants. A
short movie of an UbiCadh-GFP,SgrmCheny/ DRAGEFZ ™% e
beyo imaged using time-tapoe confocal microscopy showing an early
wdhﬂdmhhaﬁuo‘lﬁmﬂrwﬁmum
The total claypeed time & 800 sec and the frame nake is 5 3/frame.
MoV

Movie 89 Myosin coalescence upon DRhoGEF2 overexpres-
sion. A short movie of an UhiCodh-GFPUAS-DRAsGEF2/Sph-
mCherry£381Gaid  embryo imaged using timelapse comfocal
microscopy showing an eady stage of dorsal closure. Note that
Myosin I coalescence s more intere. The total elapued time is
1185 sec and the fame rate is 5 o/frame.

MOV)

Maovie 810 Rhol activity upon DRhoGEF2 overexpresion. A

short movie of an 381 Gal4/ UAS-DRhoGEF2; UAS-PENGS58A:GFP

embiyo imaged using time-hipe confocal microscopy showing an
early stage of domal cosure. Note that Rhol activity is correlated
with AS cels pulsation. The total ehipaed time s 30 min and the
frame rate is 30 o/frame.

MoV)
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Figure 1.

Mechanical unloading of the LV
triggers FoxO3 activation and
autophagy. A, Schematic diagram of
heterotopic cardiac transplantation.
B, Time course of cardiac atrophy
after transplantation (n=3). C,
Whole heart images of native and
donor hearts, as well as
hematoxylin and eosin-stained LV
tissue sections, are shown. D,
Increased autophagosome
abundance in unloaded LV. E,
Cardiomyocyte cross-sectional
areas of representative control and
unloaded heart pairs following 7
days of unleading, n=200 myocytes per sample from 2 hearts in each group.
F and G, Increased LC3-1I levels were observed in donor hearts after
unloading. H, Baclin 1 protein levels were increased in unloaded LV (n=2). |
and J, Phosphorylated FoxO3 and total FoxO3 from native and donor hearts
after 4 days of unloading. K and L, Bnip3 levels from native and donor hearts
after 4 days of unloading. n=3 to 6. M, Mitochondrial protein levels,
including Cox1, VDAC, Cox4, and Mt ND1 in control and unloaded hearts 7
days after unloading. Experiments repeated 3 times with similar results. N,
Mitochondrial DNA (mtDN2) copy number normalized to nuclear DNA (MX1)
in control and unloaded hearts. O, TFAM protein levels in control and
unloaded hearts at 2 and 4 days after unloading (n=3 for each group). P,
Quantitative data from O. Q, Phosphorylated FoxQ3 levels in failing human
LV before and after VAD support, n=3. LV indicates left ventricle; HW, heart
weight; Cox, cyclooxygenase; VDAC, voltage-dependent anion channel; mt
ND1, mitochondrial NADH dehydrogenase 1; MX1, myxovirus resistance 1;
TFAM, transcription factor A, mitochondrial; VAD, ventricular assist device;
GAPDH, glyceraldehyde 3-phosphate dehydrogenase; HE, hematoxylin and
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Introduction

Fertilization involves the joining of parental gametes to create a fotipotent zygote. A central issue in
developmental biology is to understand how totipotency is established—ihe enabling of all developmental
decisions. Developmental decisions are often made wvia collaboration between signaling factors,

transcription/chromatin factors, and miRNAs, which need to be expressed at the proper time in early
development, and avoid silencing by repressive chromatin and DNA methylation. One mechanism for
transcriptional competence of developmental genes is their packaging in “bivalent” chromatin, bearing
(simultaneously) histone medifications normally associated with transcriptional activity (i.e., H3K4me3) and
silencing (H3K27me3d), along with underiying DNA hypomethylation (Laurent et al., 2010; Lister et al., 2009;
Zhou etal., 20117). Interestingly, in vertebrate sperm, the vast majority of developmental genes of
importance in the early embryo are already packaged in bivalent chromatin (lacking DNA methylation),
including virtually all HOX, SOX, FOX, TBX, PAX, CDX, and GATA family transcription factors (Arpanahi
etal., 2009; Brykczynska et al., 2010; Farthing et al., 2008; Hammeoud et al., 2009; Weber et al., 2007; Wu
etal., 2011a). This raises important questions regarding the extent to which DNA methylation and chromatin
structures important for totipotency are simply inherited or must be established or reestablished in the early
embryo.

In mice, bulk DNA demethylation occurs at the one-cell stage, preferentially affects the male pronucleus
(Hajkova et al., 2008; Mayer et al., 2000; Okada etal., 2010; Oswald et al., 2000), and likely involves a 5-
hydroxymethylcytosine (5hmC) intermediate catalyzed by TET enzymes (Gu et al., 2011; Igbal et al., 2011).
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Summary

Replenishing insulin-producing pancreatic p cell mass will benefit both type | and type Il diabetics. In adults,
pancreatic B cells are generated primarily by self-duplication. We report on a mouse model of insulin
resistance that induces dramatic pancreatic g cell proliferation and g cell mass expansion. Using this model,
we identify a2 hormone, betatrophin, that is primarily expressed in liver and fat. Expression of betatrophin
comelates with B cell proliferation in other mouse models of insulin resistance and during gestation.
Transient expression of betatrophin in mouse liver significantly and specifically promotes pancreatic  cell
proliferation, expands B cell mass, and improves glucose tolerance. Thus, betatrophin treatment could
augment or replace insulin injections by increasing the number of endogenous insulin-producing cells in
diabetics.
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Professor Helen Lester our colleague, friend and co-author sadly passed away before the publication of this
manuscript. Helen worked tirelessly throughout her career as a general practitioner and academic to address
health inequalities, particularly in relation to severe mental illnesses. It was our privilege to work with Helen
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qualitative aspects of this manuscript. She will be sorely missed.
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Pollicization substitutes a functioning finger for a deficient thumb. The most indicafion is thumo
hypoplasia with absence or instasility of the carpometacarpal joint However, there are additional
causes thal may negate thumb funclion, such as VHumi macrodachly, multi-ingered hand. and a
mimor hand. The technigue of of from surgeons
averthe last 100 years. A meticulous stepwise an;lnam from incision to closure Is necessary to
optimize outcome. Following pollicization, cortical plasticity and motor releaming play a pivotal role
tunction fallowing policization with connactions and as|acent Sprouting fram nearsy comical andior
subcortical territories. Occupational therapy is necessary to encourage large object acquisition
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followed by smaller objects and utimately fine pinch. Pollicization is more reliadle in patients with.
isolated thumb hypoplasia and a mobils index finger with robust edrinsic and intrinsic musdle-tendon IR OOl Rurgely
units compared to and patients with radial forearm deficiencies and diminished index mobility. —
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Pallicization is an amazing operation that comibines surgical skill with brain plasticity. The

concept is to substitute a functioning finger for a deficient thumb. The deficient thumb is defined
as one without ample function to contribute to prehension and grasp. The most common
reason is hypoplasia with absence or instability of the carpometacarpal (CMC) joint, which
obviates stability and fonction. 1 -3) However, there are additional causes that may negate
thumb function, such as trauma, macrodactyly, multi-fingered hand, and a mirror hand. The

more time [ spend caring for children with congenital hand differences, the more likely [ am to
pursue pollicization as an option to reconstruct the hand mmpared by thumb hypoplasia and

other allments._ [ fimly believe that the best substitute for a deficient thumb with small girth,

unstable CMC jomt, and/or msufficient extrinsic intninsic muscles is a mobile ional index
finger. Adrian Flarr, MD i ication) has been an inspiration, mentor, and
abounding with sage advice. He has extended ital indications for policization to inchide

a thumb smaller than a small finger and I concur! Reconstruction of a small hvpoplastic thumb
even with a stable CMC joint will pale in comparison to pollicization of a "normal” index finger
This decision requires a "heart to heart” conversation with the parents. The parents make the
ulttmate decision but the established surgeon has substantial influence. I spend substantial time
explaining that "function trumps form” and that thumb ablation and index pollicization will result
in enhanced function versus reconstruction of a small scrawny thumb. In addition, people are Supplamantary
not very observant and a robust thumb with excellent function has better appearance
compared to a small skinny thumb that contributes little to hand fonction. When in doubt, I
recommend the parents discuss this decision with other parents who have made a similar
difficult decision. This exchange is facilitated via a lst of willing parents and support groups. Of
course, cultural mfly are i factors to be considered during this decision making
process. Parents and society may ultimately negate the concept of thumb ablation and index
finger pollicization. The parents are welcome to keep the "thumb”, however, [ avoid surgery to
reconstruct a type 1B hypoplastic thumb as the results of index finger pollicization are far
superior.4)
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causes thal may negate thumb funclion, such as VEuma macrodachly, multi-ingered hand. and a
mirmor hand. The technigue of of from surgeons
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tunction fallowing policization with connactions and as|acent Sprouting fram nearsy comical andior
subcortical territories. Occupational therapy is necessary to encourage large object acquisition
followed by smaller abjects and utimately fine pinch. Pollicization is more reliadle in patients with
isolated thumb hypoplasia and a mobile index finger with robust exrinsic and intrinsic musdle-tendon
units compared to and patients with radial forearm deficiencies and diminished index mobility.

Keywords: Pollicization, Thumb hypoplasia, Macrodactyly, Uinar deficiency. Mirror hand

Pollicization is an amazing ion that combines surgical skill with brain plasticity. The
concept is to substitute a functioning finger for a deficient thumb. The deficient thumb is defined
as one without ample function to contribute to prehension and grasp. The most common
reason is hypoplasia with absence or instability of the carpometacarpal (CMC) joint, which
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Abstract

Pollicization substitutes a functioning finger for a deficient thumb. The most indicafion is thumo
hypoplasia with absence or instasility of the carpometacarpal joint However, there are additional
causes thal may negate thumb funclion, such as VHuma macrodachly, multi-ingered hand. and a
mimor hand. The technigue of of from surgeons
averthe last 100 years. A meticulous stepwise annlnam from incision to closure Is necessary to
optimize outcome. Following pollicization, cortical plasticity and mator releaming play a pivotal role in
tunction fallowing policization with connactions and as|acent Sprouting fram nearsy comical andior
subcortical territories. Occupational therapy is necessary to encourage large object acquisition
followed by smaller abjects and utimately fine pinch. Pollicization is more reliadle in patients with
isolated thumb hypoplasia and a mobile index finger with robust exrinsic and intrinsic musdle-tendon
units compared to and patients with radial forearm deficiencies and diminished index mobility. v

Keywords: Pollicization, Thumb hypoplasia, Macrodactyly, Uinar deficiency. Mirror hand
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WVolar skin design (Courtesy of Shriners Hospital for Children, Philadeiphia).
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Pollicization is an amazing ion that combines surgical skill with brain plasticity. The
concept is to substitute a functioning finger for a deficient thumb. The deficient thumb is define,
as one without ample function to contribute to prehension and grasp. The most common
reason is hypoplasia with absence or instability of the carpometacarpal (CMC) joint, which
obviates stability and fonction. 1 -3) However, there are additional causes that may negate
thumb function, such as trauma, macrodactyly, multi-fingered hand, and a mirror hand. The
more time [ spend caring for children with congenital hand differences, the more likely [ am to
pursue pollicization as an option to reconstruct the hand mmpared by thumb hypoplasia and
other alments. [ firmly believe that the best substitute for a deficient thumb with small girth.
unstable CMC jomt, and/or msufficient extrinsic intninsic muscles is a mobile ional index
finger. Adrian Flarr, MD i ication) has been an inspiration, mentor, and v
abounding with sage advice. He has extended ital indications for pollic to inchide

a thumb smaller than a small finger and I concur! Reconstruction of a small hvpoplastic thumb
even with a stable CMC joint will pale in comparison to pollicization of a "normal” index finger
This decision requires a "heart to heart” conversation with the parents. The parents make the

ulttmate decision but the established surgeon has substantial influence. I spend substantial time
explaining that "function trumps form” and that thumb ablation and index pollicization will result
in enhanced function versus reconstruction of a small scrawny thumb. In addition, people are
not very observant and a robust thumb with excellent function has better appearance
compared to a small skinny thumb that contributes little to hand fonction. When in doubt, I
recommend the parents discuss this decision with other parents who have made a similar
difficult decision. This exchange is facilitated via a lst of willing parents and support groups. Of
course, cultural mfl arem factors to be considered dunng this decision making
process. Parents and society may ultimately negate the concept of thumb ablation and index
finger pollicization. The parents are welcome to keep the "thumb”, however, [ avoid surgery to
reconstruct a type 1B hypoplastic thumb as the results of index finger pollicization are far
superior.4)
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Table 2
Pollicization Factors

Factors that influence pollicization outcome
Status of finger
Age of surgery

Technical factors: incision, technique, dressings, etc.

Surgeon
Rehabilitation
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finger. Adrian Flatt, MD (personal communication) has been an inspiration, mentor, and v
abounding with sage advice. He has extended congenital indications for pollicization to include
a thumb smaller than a small finger and I concur! Reconstruction of a small hypoplastic thumb
even a stable CMC joint will pale in comparison to pollicization of a "normal” index finger.
This decision requires a "heart to heart" conversation with the parents. The parents make the
ultimate decision but the established surgeon has substantial influence. I spend substantial time
explaining that "function trumps form” and that thumb ablation and index pollicization will result
in enhanced function versus reconstruction of a small scrawny thumb. In addition, people are
not very observant and a robust thumb with excellent function has better appearance
compared to a small skinny thumb that contributes little to hand function. When in doubt, I
recommend the parents discuss this decision with other parents who have made a similar

cult decision. This exchange is facilitated via a list of willing parents and support groups. Of
course, cultural influences are important factors to be considered during this decision making
process. Parents and society may ultimately negate the concept of thumb ablation and index
finger pollicization. The parents are welcome to keep the "thumb”, howeve
reconstruct a type [IB hypoplastic thumb as the results of index finger pollicization are far
superior.4)
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Cortical plasticity and motor relearning play a pivotal in functional following pollicization. There Semmmmmmmmmmm e
a large region of the imotor cortex (SMC) lus dedicated to the hand.

Researchers are trying to understand the changes in SMC following injury, repair, and

reconstruction.5) Techniques inclide transcranial magnetic stimulation,

electroencephalography, magnetoenc: ¢, functional magnetic resonance imaging

(MRI), structural MRI, and positron emission tomography.5-9) Human cortical plasticity is a

complex process that involves the unveiling of previously ineffective connections and sprouting

of intact afferents from nearby cortical and’or subcortical territories

Giraux et al. 10) have demonstrated that after hand transplantation, the original SMC map for
hand activation is restored. The transplantation reverses the SMC loss following the initial hand
amputation. Similarly, successful toe transfer produces temporal activation within the SMC

cortex consistent with cortical plasticity.11) Functional MRI has demonstrated that a patient Suspis
learning to use their toe transfer lead to an expansion in their motor cortical representation.
Practice magnifies the changes within the SMC cortex. As the new motor skill is mastered.

lementary Material

there is a subsequent decrease in the amount of cortical representation. 5. 11) Functional MRI
studies have provided evidence that that motor reorganization continues to evolve over time
and may be modified by training and experience for a protracted time. These findings
suggest that prolonged therapy and training may be necessary to maximize cortical
reorganization and functional outcome

The effects of pollicization have yet to be studied with reference to cortical plasticity. The
locale and quantity of homunculus thumb representation before and after pollicization is an
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followed by smaller objects and ultimately fine pinch. Pollicization is more reliadle in patients with
isolated thumb hypoplasia and a mabile index finger with robust extrinsic and intrinsic muscle-tendon
units compared to and patients with radial forearm deficiencies and diminished index mobility.

P Thumb hy . b Ulnar deficiency. Mirror hand

Pollicization is an amazing jon that combines surgical skill with brain plasticity. The
concept s to substinre a functioning finger for a deficient thumb. The deficient thumb is defined
as one without ample function to contribute to prehension and grasp. The most commeon
reason is hypoplasia with absence or instability of the carpometacarpal (CMC) joint, which
obwiates stability and function. 1-3) However, there are additional causes that may negate
thumb function, such as trauma, macrodactyly, mult-fingered hand, and a mirror hand The
more time | spend carng for children with congenital hand differences, the more kikely [ am to
pursue pollicization as an option to reconstruct the hand impared by thumb hypoplasia and
other aiments. ] firmly believe that the best substitute for a deficient thumb with small grth,
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unstable CMC joint, and'or insufficient extrinsic intrinsic muscles is a mobile jonal index = /
finger Adrian Flatt, MD ication) has been an inspiration. mentor, and v
abounding with sage advice. He has extended ital mdications for pollicizabion to nclde

a thumb smaller than a small finger and I concur! Reconstmction of a small hypoplastic thumb Show 3l

even with a stable CMC jont will pale m comparison to pollicization of a "normal” index finger.
This decision requires a "heart to hean” conversation with the parents. The parents make the
ultimate decision but the established surgeon has substantial mfluence. [ spend substantial tme
explaining that "function trumps form" and that thumb ablation and index pollicization will result
in enhanced function versus reconstruction of a small scrawny thumb. In addition, people are
not very observant and a robust thumb with excellent function has better appearance
compared to a small skimy thumb that contributes hittle to hand function. When i doubt, [
recommend the parents discuss this decision with other parents who have made a similar
difficult decision. This exchange is facilitated via a list of willing parents and support groups. Of
course, cultural infh are i factors to be considered during this decision making
process. Parents and society may ultimately negare the concept of thumb ablation and index
finger pollicization. The parents are welcome to keep the "thumb”, however, [ avoid surgery to
reconstruct a tvpe [1B hypoplastic thumb as the results of index finger pollicization are far
superior 4
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Long-term complications are more prevalent. Any unsatisfactory cutcome requires an
analytical approach to find the root of the problem (Table 3). Additional surgery may or may
not be available to improve the status and function of the thumb 31,32)

Supplementary Material Go to:

A video clip is available on the electronic version of this paper at the CiOS web site,
www._ecios.org.

Click here to view (LM wmv)
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