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Table 3—Demographic Characteristics of GERD-Positive and GERD-Negative Patients With the Nodular
Bronchiectatic Form of NTM Lung Disease*

Characteristics GERD Positive (n = 15) GERD Negative (n = 43) p Value
Age. yr 56 (43-63.5) 57 (53-66.5) 0.320
Female gender 13 (87) 37 (86) 1.000
Body mass index, kg/m? 20.0 (18.6-21.7) 20.6 (19.5-22.2) 0.316
Smoking status
Non-smoker 14 (93) 40 (93) 1.000
Ex-smoker 1(7) 37
Etiology
M avium complex 5 (33) 22 (51) 0.368
M abscessus 10 (67) 21 (49)
AFB smear positive 12 (80) 19 (44) 0.033
Involved lobes on HRCT, No.
Bronchiectasis 4 (3-4) 2 (2-3) 0.008
Bronchiolitis 4 (3-5) 2(2-4) 0.005
Pulmonary function tests
FVC, % of predicted 93.0 (83.0-102.0) 87.0 (77.5-93.5) 0.170
FEV,, % of predicted 92.5 (76.5-107.0) $8.0 (72.5-102.0) 0.508
FEV,/FVC, ratio 76.0 (67.0-84.0) 74.0 (71.0-80.0) 0.880
Peak expiratory flow, % of 92.0 (80.0-111.5) 96.0 (74.5-99.0) 0.748
predicted

*Data are presented as the median (interquartile range) or No. (%). Bronchiolitis was defined as the presence of small centrilobular nodules (< 10
mm in diameter) or branching nodular structures (tree-in-bud pattern) on HRCT.
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Characteristics of subjects Characteristics of the 54 men
enrolled in the trial

Comparison of active treatment Effects of treatment of

with diuretic therapy compared hypertension and placebo groups

with placebo in 122 men

Predictors of quality of life Factors associated with differences
in quality of life: multivariate
models

Independent (p<0.05) predictors 1
of quality of life using logistic
regression following stepwise
selection procedures, using the
criteria of reference 6
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Bronchiectasis Bronchiolitis
P =0.008 P =0.005
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GERD-negative GERD-positive GERD-negative GERD-positive
FI1GURE 1. Box-and-whiskers graph of the quantitative imaging analysis showing the number of involved
lobes with bronchiectasis and bronchiolitis. Bronchiolitis is defined as the presence of centrilobular
small nodules (< 10 mm in diameter) or branching nodular structures (tree-in-bud pattern) on HRCT.
The ends of the boxes indicate the 25th and 75th percentiles, and the lines in the bars indicate the
median value. The 10th and 90th percentiles are indicated with whiskers. In the patients without
GERD. the median numbers of i]‘l\'('}l\'ﬁ‘d lobes with bronchiectasis and bronchiolitis are both 2. In the
})utients with GERD. the median numbers of involved lobes with bronchiectasis and bronchilitis are
both 4. Bronchiectasis and bronchiolitis were observed in more lobes in pateints with GERD than in
patients without GERD (p = 0.008 and p = 0.009, respectively).




Fgure 1 primary upper {T- )
of in fo the body of the stomach. b Ulcerative type (patient 2): a round 1.5- ell defined in the body of
2. 1 defined o o ztn
1 defined diffusedl £ AR
type diffuse @l f various sizesin a inthe f the

8): imegularly shaped 1-cm superficlal erosion in

the cecum. ¢ Ukcerdinfiltrative type (patient 9):

imultiple geographic ulcers of various sizes ina
in the cecum.

type (patient 10): multiple penetmting ulcers of
various sizes with surrounding edema in a skip-
ped pattern, in the transver se colon. e infiltrative
type (patient 11): diffuse multiple nodular sur-
face but no definite ulcer or mass, in the ascend-
ing colon.

o H etal. y NKAT- d 2007 39:156-160
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CSl: cell biology

Digital photography and image-manipulation
software allow biologists to tweak their data as
never before. But there’s a fine line between
acceptable enhancements and scientific
misconduct. Helen Pearson investigates.

tan, a forensics expert peers intently at a

flickering computer screen. The shadowy
image, hugely magnified, reveals a tell-tale
dark smear. Something about it, she can tell,
is just not right...

It could come straight from the screenplay
of the latest hit TV crime show. But, in fact,
such scenes are playing out regularly at the
sedate headquarters of Rockefeller University
Press — where the images under scrutiny are
those of cells and gels in papers accepted for
publication in The Journal of Cell Biofogy.

I n a cramped office in midtown Manhat-

In the vast majority of cases, the perpetra-
tors aren’t willfully misrepresenting their
results — rather, they are unaware that their
efforts to achieve the cleanest images for
publication have crossed the line of accept-
ability. Such ignorance iswidespread, and for
Rossner it underlines why his journal now
subjects all accepted papers to image foren-
sics, “My goal is to catch problems before we
publish,” he says.

The availability of digital cameras and
image-manipulation programs such as
Photoshop has made it all too easy for

Nature 2005;434:952-953
than they used to. And researchers, some
burnt by questions about their own photos’
integrity, are beginning to patrol the activi-
ties of their lab members. “We all underesti-
mate the amount of skullduggery that goes
on,” says Joseph Gall, who studies the struc-
ture of cell nuclei at the Carnegie Institution
in Baltimore, Maryland.

Picture perfect
Biologists have always gone to great lengths
to create beautiful pictures that best illus-
trate their data. Geneticists carry out multi-
ple exposures of radioactively labelled DNA
fragments separated on gels in order to cre-
ate a crisp image. Cell biologists once
worked through rolls of film to grab the
perfect shot from a microscope. But with
Photoshop, a few clicks of the mouse can
transform a featureless black microscope
snap into a starry vista littered with labelled
proteins. “You can make up almost any
image you want nowadays,” says Tom Misteli,
a cell biologist at the National Cancer Insti-
tute in Bethesda, Maryland.

Some biologists seem to succumb to
this temptation. In 1989-90, only 2.5% of
allegations examined by the US Office of
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J Cell Biol 2004:166:11-15
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WEeIRD ScIENCE: Faux FINDINGS 177

Pilidormn Man was a clever forgery. Instead, even as other finds around the world pointed
consistently to a very different evolutionary path, people were forced to make room for
Piltdowns big brain and primate jaw.

Finally, in 1953, anthropologist Joseph Weiner investizated and then documented the
details of the boax. A closer look found that the teeth of a modern ape jaw bad been filed
down 1o look Like buman molars. The skull had probably been dug up from a medieval
grave, and all the bones had been stained to make them appear old.

Even afeer all this time, the forger has not definitively been named, Most people believe the
finger points to Charles Dawson himself, particularly after Weiner’s research found a par-
tern of deception in his earlier archeological digs. Yet almost every other man involved in

the story has hadd his turn in the role, and some of them are almost as likely candidates—
which doesnit speak well of the level of academic honesty a hundred years ago.

Tue NEVERENDING FrRAUD

Qutside the scientific community, we dont always realize how serious such fakery can
be. But bad science contributes to the misuse of millions of dollars in government and
corporate grants. It misrepresents reality to the public, creating panic or prompring,
bad political and social decisions. It can delay medical cures by misdirecting effort and
funding to fantasyland.

And once a bad paper gets published, it lives a kind of half-life in the community.
Even if the authors retract a paper (or are asked to retract it, which is much the same
thing but considerably more embarrassing), the paper s still searchable online and
continues to live in its original form in libraries and labs. Doctoral students looking
for citations to bolster their own werk may continue to cite it.

THE KoreAN STEM CELL SCANDAL

The high-profile science fraud cases that do splatter the news media come to light in
part because the field they're in is hot. There are dozens of other researchers competing
to be the first to make a breakthrough. When someone beats them to it, they do the
experiments to see if they get the same results. If they can®, they try to find our why:
Ultimately, no fraud can withstand such a concentrated assault. Bur that process can
take a long while—frequently vears, like the Piltdown Man fiasco.

Figure 620 These rwo cell, which were
split between the two pages in Figure 6-
18, ave tum balves of the same cell.

In other cases, a single image was divided inte two, either to separate two cells en the
same slide or to crop one cell into two images (Figures 6-20 and 6-21).

NT-hESC-7

Figure 6-21 The images outlined in yellow are rwe views
of the same two cells.
SSEA-4

At first, Hwang claimed that some of the figures had been inserted in the paper by
mistake, which was sloppy but an honest mistake. But lictle by litde, it became clear
thar Hwang and his team had nor successfully cloned a single human stem cell.

Having resigned in disgrace and been indicted for fraud and embezzlement in 2006,
Hwang has still never admirted to any form of misconduct. He blames his team of
researchers for deliberate sabotage and for creating false data on their own. As of June
2007, he was looking for new partners in other countries to continue his research.

Moving Forward

One of the outcomes of the Hwang shocker has been the increased scrutiny given to
other papers involving stem cells and cloning research. All of the major scientific jour-
nals have published new guidelines on how to prepare figures and have warned that
they will reject new papets that don't live up to standards.
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Digital mind?

Digital camera& & 12| O|& AFE?
Photoshop& 2 13| O|AF AFR?

BMP fileldt JPEG fileQ| X}0|?

Lossy / lossless compression2| X}0|?
Bitmap image&} vector image?| X}0|?

Powerpoint fileg Ot= [ file 3 7|0 A4
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Statistical graphs, charts, and simple diagrams

Photographic images (color photos, radiographs,
ultrasound images, CT scans, MRI scans, electron
micrographs, and photomicrographs)

[llustrations
Videos
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http://www.ibiblio.org/wm/paint/auth/monet/paris/
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DPI value for digital image?

A digitally stored image has no inherent
physical dimensions, measured in inches or

centimetres.

http://en.wikipedia.org/wiki/Dots_per_inch



DPI= =82 ME| 2...

sungkyunkwan jpg

85,109 byte

890 x 890 = 792,100 pixels

R olnlEl =221

« Resolution: dots per inch (dpi) =
Z(wy: | EEN I v ]@
Z=0[H): 890 o4 b CEaHH)
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Information amount in a bitmap image

« Determined by the number of pixels

 Size (inches) x resolution (dpi) = pixel numbers

Width 1000 pixels
= 4 inches x 250 pixel/inch




Digital imageQj| A= pixel =7} XS+ 5
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Population bottleneck

- an important concept from evolutionary biology

Lewis R. Human Genetics 6th eds. p287

25 different e o e U o o X
alleles of a A mboe dicea i oga il

particular gene S nduame anG Lot R g »
in a population N Vg_ Weoox 2
oY Bottleneck event
d R

(environmental upheaval)

Environmental s
upheaval lifts; % d

m
population expands; - : -:j rr{ | - rr{
only four different . mw ol A
alleles remain

Lewis R. Human Genetics 6" eds. p287
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Bitmap (=rastor) image

Vector image



RaSter image (=bitmap image)

« A "raster” is a grid-like organization of image
elements.

e Standard raster format:; TIFF

« Raster image file has all the information for
every pixel (picture element).




Is my image a vector file?
To ensure that your image is a vector drawing please
conduct the following test:

1 Inthe document zoom in to the diagram 500% or more.

2 Check if lines such as curves have lost any quality, are
appearing pixelated (made up of small squares rather

than clea

3 Iftheyar
same file
mention
check tha

http://www.thelancet.com/webfiles/images/clusters/thelancet/EESartwork.pdf



22|7} 25| AI25l= format2 [ &2
bitmap (=rastor) image file formatO|LC}

File
Format Pertinent Application
DICOM  PACS
[PEG PowerPoint, web-based display
TIFE Print output, journal publication
PSD Print output, when arrows or labels are necessary
GIF Web-based display
EPS Vector graphics
PDF Distribution, web-based or otherwise
PICT Some Macintosh applications use this format though it is largely replaced
by the other formats
PNG New format, may replace JPEG eventually

Note.—PICT = PICTure; PNG = portable networks graphics; PSD = PhotoShop
document.

LaBerge. J Vasc Interv Radiol 2003;14:1223-1229



Some journals may requires vector
drawings

Accepted file types

« For graphs and diagrams we prefer to accept vector
drawings. These files would ideally be created in a
program such as Adobe lllustrator or Corel Draw and
saved as an encapsulated postscript (.eps) or portable
document format (.pdf) files for uploading on-line.

« Other accepted vector files are Corel Draw (.cdt) and
Adobe lllustrator (.ai). Please email these directly to
the article editor as these formats are not supported for

uploading.

http://www.thelancet.com/webfiles/images/clusters/thelancet/EESartwork.pdf



Selecting programs for vector images

- 287} AABSE ZEIU/ETE 5L bitmap®

« Bitmap (=raster) image
— Photoshop
— Cameras
— Scanners

« Vector image
— Adobe illustrator

— Corel draw



Making a vector file in Prism

Fold-change in expression relative to
matched normal colorectal mucosa
B

TIF bit map

Dptions far the BMF bit map

PC¥ bit map
*f'ou can rang | pes

with na logs ol TESTTmT.

Background color. () Include infile  (3) Make clear

ol
I
Export @
Save in: @' Desktop L ¥ [0~
SM\; Documents
j My Computer
My Network Places
%] test_window meta file, wmf
-155 -1*:!rﬁl File name: test_window meta file wmf
Save as type: | WMF windows metafile
WMF windows metafile
FMG web graphic

indows programs




Insertion of the WMF file
- File size: 5,158 bytes

ol

1 hsa-miR-342

="

Fold-change in expression relative to
matched normal colorectal mucosa
© ® N OO A O B O RN

10-——T——T—TTT—T—T—T"T T T T T T T T T 71
128 196 756 48 277 52 750 56 138 46 231 604 602 50 323 54 97 361 44

Case number

Windows Metafile (WMF) is a vector graphics format
which also allows the inclusion of raster graphics.



X10 enlargement of the inserted WMF
file

4
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X100 enlargement of the inserted WMF
file




Save in: |@Desl¢tup V| 4] T e Bk

'g E Ty .My Documents

s 2 ub 5& My Computer

TE 4 My Recant €My Network Places

§8 Documents

] -

%_3 A — ?[_

o m

g s Desktop

J - L
t «
H Y
3t -~
AT My Documents
Ity Cumputer
g File name: test_window meta file.dwg w | [ Save l
My Networde | Save as type: AutoCAD Drawing {~.DWG) w [ Cancel ]
AutaCAD Drawing *.DWG)
AutoCAD Interchange File (.0%F)
BMP {*.BMF)
Enhanced Metafile (" EM
llustrator Legacy (*.Al)
llustrator Legacy EPS (*.EFS)
JPEG (*.JPG)
Macintosh PICT (*.PCT)
Macromedia Flash {~.5WF)
Photoshop (*.PS0)
PHG . PNG)
Targa (" TGA)
. Text Fomat . TXT)
WMF can be easily transformed TIFF (- TIF)

Windows Metafile " WMF)

into an Adobe illustrator (.ai) file.



PowerPoint0| A&l {1916} = vector

Esophagus

Esophagogastric junction (EGJ)
B = Proximal margin of gastric folds
= Distal end of palisade zone

3 em = Pinchcock action (PCA)

\\ = Squamocolumnar junction

Stomach
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Color: 300 dpi

Gray scale: 300 - 600 dpi [required for photos,
without text]

Combination art (combo): 600 - 900 dpi
[required for photos and text]

 Line art (monochrome 1-bit image): 900 - 1200
dpi [B&W text only]
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Bronchiectasts Bronchiolits
£ =00 o005
1
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GEAD-negative GERD-positive

GERD-negative GERD-positive

FiovRs 1. Bor and whiskers graph of he quantiaivs imaging analysisshowing the umber of imctved

lobes with bronchiectasis ans
small nodules (< 10 mm in diameter) or branchi;

bronchiolitis. Branchiolitis is defined as the presence of centrilobular

nodular structures (tree-in-bud pattern) on HRCT.

The ends of the boxes indicate the 25th and T5th parcentiles, and the lines in the bars Indicate the
median value. The 10th and 90th percentiles are indicated with whiskers. In the patients without
GERD, the msdian numbsrs of invalved lobss with bronchisctasis and bronchiolitis ars both . In the
patients with GERD, the median numbers of invalved lobes with bronchiectasis and bronchilitis are
both 4. Bronchisctasis and bronchiclitis were observed in more lobes in pateints with GERD than in
patients without GERD (p = 0.008 and p= 0.009, respectively).

In addition, patients with CERD were more likely to
have AFB-positive sputum smear results in compar-
ison with patients without GERD. These findings
suggest that further studies to nvestigate the nature
of the association between GERD and NTM lung
disease are needed. If CERD is causative, its treat-
ment may be eritical. If GERD is secondary to more
advanced lung disease, its treatment may be less
important in managing the lung disease.

Our study had some limitations. First, this study
did not include a control group. However, our
principal goal was to investigate the prevalence of
GERD in patients with the nodular bronchiectatic
form of NTM lung disease, and ours is the only study
to use 24-h pH monitoring to determine this.

Second, a significant proportion (34 of 92 patients,
37%) of screened patients did not perform 24-h
esophageal pH monitoring. Then, the study group
did not aceurately reflect total population of patients
with NTM lung disease. In particular, the study
group had a significantly higher proportion of pa-
tients with M abscessus infection than the total
group. This is very significant because it has been
shawn that patients with M abscessus infection have
a higher rate of gastroesophageal abnormalities.

Third, we used accepted criteria used by gastro-
enterologists for the diagnosis of CERD, but these
may not apply for a person to be susceptible to NTM
infection by possible aspiration. For example, it is
not known if someone has to have a pH
4 for > 4% of the study time to place NTM in his or
her lungs. Also, the patients were only studied for

www.chesfioumalorg

24 h, which does not exclude that aspiration may
have oceurred at other times not studied.

Although we showed that GERD is prevalent in
patients with NTM lng disease, the nature of this
relationship remains uncertain. Our study was not
designed to investipate a possible causal association
between GERD and NTM lung disease. Our data are
consistent with GERD causing or contributing to the
development or progression of NTM hung dissase via
recurrent exposure of the pulmenary parenchyma to
the acidity of the refluxed gastric contents. Altema-
tively, GERD might be a secondary phenomenon.
Patients with NTM lung disease might be at increased
risk for abnormal reflux because of the increased
pressure gradient across the diaphragm during fre-
quent coughing and changes in pulmonary mechanics.

In addition, non-acid reflux as well as acid reflux
may be present in patients with NTM lung disease.
The measurement of acid reflux using esophageal
pH monitoring is just a marker for possible aspira-
tion but may not be related to the pathogenesis of
NTM infection. In fact, it is possible that the in-
creased use of acid suppressants with a resultant
aspiration of relative alkaline pH into the esophagus
may actually make the environment more favorable
to NTM infection and the relative alkaline pH
exacerbate further aspiration.

In eonclusion, our study showed that patients with
the nodular bronchiectatic form of NTM lung dis-
ease have a high prevalence of GERD. However,
most patients with NTM lung disease and GERD
lacked the typical symptoms of heartburn and regur-

CHEST /131767 JUNE, 2007 1829

Downloaded from chestjournals.org on June 12, 2007
Copyright © 2007 by American College of Chest Physicians

Figure 1 Endoscopic appearances of primary upper gastrointestinal NK-{T-cell lymphoma. a Superficialjerosive type {patient 1): several superficial erosions
of varlous sizes Ina :mmuousfo:ai pattern In the body of the stomach. b Ulcerative type {patient 2): a round 1.5-cm well defined deep ulcer in the body of

the stomach. cL ient 3): round

deepuicer atthe angle of the stomach. d Ulcerative type (patient 4):a long imegular 4-cm

welldefined deepulcerin the mid esophagus. e Uicerainfitrative type (patient 5): difuse i defined uicers ofvarious sizes I a continuous pattern i the lower
esophagus. f Ulceroinfiltrative type (patient 6): diffuse il defined ulcers of various sizes in 2 continuous pattem in the second portion of the duodenum.

Figure 2 Colonoscopic appearances of primary
NK-/T-cell lymphoms. a Superfidalferosive type
{patient 7): two small superficial focal erosions.
with surounding smooth nodular surface in the
teminal lleum. b Superficialjerosive type (patient
8): requiarly shaped 1-cm superfical erosion in
the cecum. ¢ Ulceroinfiltrative type {patient 9):
multiple geographic uicers of various sizes in a
skipped pattem in the cecu. d Ulceroinfiltrative
type (patient 10): multiple penetrating ulcers of
various sizes with surrounding edema in a skip-
ped pattem, In the transverse colon., e Infiltrative
type {patient 11): diffuse multiple nodular sur-
face but no definite ulcer ormass, In the ascend-
ing colon.

KGm JH etal. Primary gastrointestinal NK-{T-cell lymphoma... Endoscopy 2007; 39: 156~ 160
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Fig. 5. Relative spatial istrbution in the com of Hartley 2. The red boxes (5 by 5 pixels; 52 m pixel™)

indicate regions sampl

ed to produce the spectra in Fig. 6. Panels labeled CO;, Organics, and H,0 Vapor

are maps of the total flux in the relevant emission bands. The panel Labeled H,0 Iceis a map of the depth
of the ice absorption feature at 3 um. Each panel has been individualy linearly stretched. All spectral
images are from a scan at E+7 min, hi5006000. Sun i to the right

In Fig. 7, we compare a portion of the i
sual light curve with the variation of CO; and

HO ot jpecial som T ke b
so only relative variations arc meaningful

0y/H0 ratio varics by

a factor of
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from the spectral maps, The red Tee ik
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uous ation for the heterogeneity of

Summary and Conclusions
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the total H,0
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0-Glycosylated Cell Wall Proteins Are

Essential in Root Hair Growth

Silvia M. Velasquez,!

Martiniano M. Ricardi," Javier Gloazzo Dorosz,” Paula V. Fernandez,”

Alejandro D. Nadra,” m-uo Pol-Fachin," Jack Egelund,” Sascha Gille," Jesper Harholt,”

Marina Cianci:

* Markus Pauly,* Antony Bacic”

Carl Erik Olsen,” Peter Ulvskov,”

Bent Larsen Petersenc Chris Somenlle Norberto D. e, L1° Jose M. Estevez'*

Root hairs are single cells that develop by tip growth and are specialized in the absorption

of nutrients. Their cell walls are composed of polysaccharides and hydroxyproline-ric

glycoproteins (HRGPs) that include extensins (EXTs) and arabinogalactan-proteins (AGPs)
Proline hydroxylation, an early posttransiational modification of HRGPs that s catalyzed by
prolyl 4-hydroxylases (P4Hs), defines the subsequent O-glycosylation sites in EXTs (which are
mainly arabinosylated) and AGPs (which are mainly arabinogalactosylated). We explored the

biological function of P4HS, arabinosyltransferases, and EXTs in root hair cell growth.

Biochemical inhibition or genetic disruption resulted in the blockage of polarized growth
in root hairs and reduced arabinosylation of EXTs. Our
O-glycosylation on EXTs is essential for cell-wall self-assembly and, hence, root hair elongation

Arabidopsis thliano.

lant cell walls are complex and dynamic
structures composed mostly of
ccharides and high-
y glycosylated proteins (1, 2) During phan
cells may expand up to 200 times their original
lengh. During this process, the cell vl nai
tains it thickness through the addition

molecular-w

gh-  thou

Dilogical ok of ey o hise

synhesized polysaccharles and pnmm\ There-  rich glycoproteins (HRG
fore, wall .
10 withstand cnormous urpor pressues e eiving  protens (PRPS) (4), and

rowth) and involves controlled chemical
tituents and wall net

works. Approximately 10 2% of the Arabidopsis

genome represents oding putative en

Fig. 1. Arabidopsis 100t hair growth is modulated by PHs
d PAK13 en
2ymes. GFP-tagged PAH2 and PAHS are expressed in tricho-
(GFP-tagged PAH13 s expressed in both
richoblast and atrichoblast (AT) root cells. Absence of GFP
signal isindicated by asterisks. Scale bar, 200 . (B) Shorter
100t hais in p4#13 mutant, Scale bar, 800 . (€) Root hair
fength (black bars) and Hyp content (red bars) in roats of
(W), pah insertional mutants, sienced [artifical
microRNA (amiRNAY, and rescued mutants. Complementatio

ch pah mutant was achieved by the corresponding WI
Pa driven by either ts own endogenous promoter or the 355
promater. P values of one-way analysis of variance (ANOVA)

(A) Localizaton of GFP-tagged PAH2, PAHS, a

biast cells (T, and

W Col-0

test, *P < 001, **P < 0.001.

(AGPs) (4, 5). The

root halr length (um)
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by glycosy
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Root hair growth and protine hydroxylation.
To study the function of HRGPs, we focused on
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observed with light microscopy. A link betw
Palis, glycosylation, and oot hair phenotype

was first suggested by results from an in vivo

biochemical experiment that analyzed roots

from plants camrying a green fluorcscent protein
(GFP)-tagged HRGP transgenc |~u.vu,w
(4 that ere rcaed with either cthyl-34
iydroxybengeate (EDHE), which binds o the
acive site of AtP4Hs fig.S1) (1), orxar-d

(DP), which chelates the cofactor Fe

This treatment caused an up (o S0%
rowth at 48 10 219 nM (fig

of roat
 accurnulation of the non-glycosy lated *,x
form of LeAGPI-GFP rather than the fully
O-geomacd 150

We then charcterized dif

o5 AIPAH2 an
h e cpressed minly i e ot
(fig. $3 and table S1)
190 s well 5 A,
pressed in roots (Fig. 1A). Cellype expression
analysis showed that GFP-tagged P4H2 and
P4HS arc present anly in richoblast cells, whe
as PAHI3 is exprossed in both trichoblast and
atrchoblast cels ). Subelula loc
tion of al three PaHs was confined to the apical
g ot i bt was disibuied
d
2 e Patls el
calized with an ER marker. PAH2 and P4HS
partally colocalized with a Golgi marker (fig. $4).
To clarfy the ro se PaHs in developin
oot hairs, we used plaats with ransfered DNA

which is also ex.

the cellin elony
boellular level,

P4H2::P4H2-GFP

P4HS:P4H5-GFP

(T-DNA) insertions (knockout lines) in each of
these three APAIH genes (. S5). We observed
at the P4H-deficient lines displayed shorte

1B, fig. S5, and
pharmac

wn-normal root hairlengt
able S2). which mimicked
inhibition of P4Hs that was ety il
$2). In addition, the p/h2 mutant showed
roduced ot i dnsity. Al e s acked
1 APSH ranscrips, with the excepion o
P21 ¢ and showed reduced Hyp con-
ot o el walls n st (Fig. 1), e
results were obtained by silencing normal AtPAIL
gene cxpression with complemenary microRNA
(Fig. 1C and fig. S5). Therefore, we concluded
that the normal

clongation of oot hair cells re-
;\muwnl by AP4H
sosylation of

s Pro by

FIRGPs, which conteqence of o hydro
Viation (20),

In support of the conclusions derived from
p#h mutants, GFP-tagged P4Hs driven by cither
their own promoter (Fig. 1C and fig. S5) or the
strong 35SCaMV constitutive promoter (Fig. 1C
orpho-

ot to

and table $2) restored root hair length,
logical phenotypes, and cell wall Hyp
wild-type (WT) levels. Overexpression of PdHs
ina WT genetic !nnkywum{ $6) doubled
2. 56) and in.

root hair length (Fig. 1D

ereased root hair density (i

Given the overlapping perlo specificity
of P4Hs (6), we explored the potential genetic
il wmoeg Pils by oberving e ot
hair phenotype that was displayed by &
‘mutants (fig- ST). The p#h2-p4hs3 dout A
phenotype was similar to that of the single mutant

P4H13:P4H13-GFP

Fig. 2. Expression of GFP-tagged PAH2, P4HS, and PAH13 under the control of their respectve en-
dogenous promaters at different stages of root hair development. Scale bar, 200 um.

- 3. EXT-associated arabinosylransferases. (A)
Root hair ength (mean + SEM) in rral-3reg113-2
mutants and their complemented lines. P values
from ane-way ANOVA test, *P < 0.01, **P <
0.001. (8 and © Massspectra of EXT O-glycans
(Hyp-arabinosides, KA1-HAS) analyzed with ESI-NS
on WT or mutant (B) seedlings and (O roots. Hyp-
arabinosides were detected as follows: HAS, Hyp
; HAG, Hyp-ral; HA3, Hyp-{Avaly; HAZ,
Hyp-(Ara);; and HAL, Hyp-Ara)s. lons important
for the interpretation of the results are highiighted
in red (moeties containing up to two arabinose
residues) of in bive (moleties containing three to

paiS, suggesting a functional overlap between
P4 mml PAIS. In contrast, the double mut
i 3 line had shorter oot hairs and ex

Hibited  lower Hyp content i thecel wlls than
that of the respective single p#h mutant (fig. S7),
suggesting subtle differences in substrate speci-
ficity for cach of these P4Hs. To address the tar
gt specificity of PAHS, we performed a yeast
two-hybrid screen using PAHS as bait
tified LRX3, a root-specific leuci
extensin (Atdg]3340) and proteins cons
rgets of \um

polyproline Il repeats (25) as ta
(table $3). We calculated the
A (P12, PAIS,and PANLS with the (5P
ind PAPAPSPT peptides that ane present in AGPs
ora polyproline repeat that is usually present in
EXTs and PRPs [fig. S8, table S4, and supporting
e material (SOM) text S1). The m
showed that these P4Hs have a high

Pils for polypline ik (EXT-PRP-yp) b
2 S%). Other biochemical studies have
«d a greater hydroxylation act
ve Pro residucs compared with
hat on nonadjacent residues ().
O-linked glycans in extensins. Having es-
tablished the importance of PAHs in postiransla
tional modifications of the EXT peptide backbone

ity on consecu

and considering that O
proci
changes lwl\p\rmh conformatio

function either directly or indirectly thro

context of | XT structure. Using genome-wide cx-
pression analysss, we determined that glyoosylrans-
ferases (GTs) RRAS3 (reduced resichual ambinose 3;
Atlg19360) snd XEG113 (A2g35610) (fig. S9),
both members of the GT family 77 (GT 77) o

the Carbohydrate Active enZYme database (CAZY
Wwwcazy ong), were coexpressed with PAH? and
P4HS. RRA3 was 70 and 82% ideni

ited by rra-rna3 mutants were
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Epigenetic silencing of miR-342 in colorectal cancer
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Figure 3 EVL/fsa-miR-342 locus CpG methylation in colorectal carcinogenesis: evidence for a “field defect” of EVL/hsa-miR-342
locus CpG methylation in colorectal cancer. Bisulfite genomic sequencing results are shown for the EVEL/ isa-miR-342 CpG island from
(1) normal colorectal mucosa from four individuals without cancer, (i) colorectal cancer tissue from three individuals and (iii) normal

appearing colorectal mucosa from two patients with concurrent colorectal cancer, The numbers in the left column represent patient

ident
colorectal mucosa were analysed from patients no. 128 and ne
dinucleotide and the
number of informative clones at a given CpG site.

identify genes that are (a) overexpressed in colorectal
cancer based on results from three relevant gene
expression profiling studies (Alon et al., 1999; Notterman
et al., 2001; Zou et al., 2002) and (b) PicTar-predicted
targets of hsa-miR-342. Eleven genes satisfied these
criteria and are presented in Supplementary Table S3.

Discussion

In this study, we confirmed that silencing of hsa-miR-
342 is a common event in colorectal cancer and provided
evidence for coordinate epigenetic silencing of an
intronic microRNA and its host gene in human cancer.
Given that roughly half of microRNA genes are located
in introns (Rodriguez er al., 2004; Kim and Kim, 2007;
Saini e al, 2007), we suggest that this mode of
coordinate silencing may represent a more general
mechanism of microRNA suppression in human cancer.

Our data also suggest that methylation of the EVL/
hsa-miR-342 locus 1s an early event in colorectal
carcinogenesis, given that it is detectable in 67% of
adenomas, as well as in 56% of histologically normal
colorectal mucosal specimens from patients with con-
current colorectal cancer. Based on these observations,

Oncogene

. The number of clones sequenced from each patient sample is indicated in parenthe:
31 with results shown in (i) ang
roportion of methylated CpGs is indicated by black shading. The height of the bar is representative of the

Matched tumor (T) and normal (N)
iii). Each bar represents one CpG

we propose that the methylated DNA corresponding to
the E'VL/hsa-miR-342 locus may merit further investiga-
tion as a biomarker for non-invasive disease detection or
risk prediction for colorectal cancer, especially in light
of its apparent specificity for colorectal cancer.

With respect to carcinogenesis, the data suggest a
model in which the aberrant methylation of EVL/hsa-
miR-342 precedes histologically apparent neoplastic
alterations in the colon and leads to an early expansion
of precancerous progenitor cells carrying methylated
CpG islands at the EVL/hsa-miR-342 locus. The
presence of methylation of EVL/hsq-miR-342 in normal
appearing colorectal mucosa may reflect an acquired.
carly epigenetic change in the pathogenesis of colorectal
cancer. Alternatively, it could also be the consequence of
clonal expansion of rare, normal colorectal epithelial
cells that carry a methylated EVL/hsa-miR-342 locus as
a part of their normal physiological state (Ohm and
Baylin, 2007; Widschwendter er al., 2007).

Given that EVL and hsa-miR-342 are coordinately
silenced, we cannot determine @ priori whether suppres-
sion of EVL, hsa-miR-342 or both is the relevant event
in colorectal carcinogenesis. EVL is a member of the
Ena/VASP protein family, which are actin-associated
proteins involved in a variety of processes related to
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