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only OCT4 and SOX2, rendering CMYC and KLF4 dispensable and thereby reducing the
oncogenic potential of the resulting cells. Furthermore, our findings enabled CMYC and
KLF4-free iPSC production without inhibition of p53 or its target genes involved in
apoptosis, allowing pro-apoptotic pathways that ensure genomic integrity to be

engaged 31011 Thus, in this approach, the production of oncogene-free iPSC lines does not
come at the expense of an increase in mutational load $:10-11:43,

Studies using nuclear transplantation and defined transcription factors have shown that
nuclei become less amenable to reprogramming as they advance developmentally 2426, Our
study demonstrates that intercellular communication in somatic cultures can cause them to
differentiate and lose their reprogramming potential, but that with small molecule treatment,
it is possible to force them to remain in an undifferentiated, highly reprogrammable state.
This approach synergized potently with chemical inactivation of the histone H3
methyltransferase DOTIL, allowing two-factor reprogramming at higher efficiency than
with four transcription factors. This indicates that while histone methyltransferase inhibition
had almost no effect on the reprogramming of differentiated keratinocytes, it had a profound
ability to enhance the reprogramming of undifferentiated keratinocytes. Thus, somatic cells
at different developmental stages respond differentially to chromatin-modifying signals
during reprogramming. The combined chemical inhibition of NOTCH and DOTI1L provides
a new approach for boosting the reprogramming potential of keratinocytes and is an
attractive starting point for the identification of a small molecule reprogramming cocktail for
human cells.

Online Methods

iPSC reprogramming experiments

The IACUC committee of Harvard University approved the use of mice for all experiments
included in this paper. Oct4:GFP neonatal mouse keratinocytes were isolated from P1-P2
pups using an overnight digestion in either .25% trypsin/EDTA or TrypLE (Life
Technologies) at 4 degrees Celsius. They were cultured in SFM medium (Life
Technologies) on collagen IV-coated plates. Neonatal human epidermal keratinocytes
(Lonza) were cultured in Epilife medium (Invitrogen) on collagen-coated plates.
Keratinocytes were reprogrammed using retroviruses containing either mouse or human
OCT4, SOX2, KLF4, and CMYC produced in the pMXs backbone. Chemical treatment was
initiated 1-2 days after viral transduction and re-administered every other day until the end
of the experiment unless otherwise specified. DAPT (EMD Millipore) was used at 10 uM
for reprogramming experiments using OCT4, SOX2, KLF4, and CMYC and 2.5 pM for
OCT4, SOX2 reprogramming experiments unless otherwise noted. DBZ was used at 2 pM.
Irradiated mouse embryonic fibroblast feeders were added 6 days after transduction and the
media was changed to mouse or human embryonic stem cell medium at that time. Colonies
were scored as iPSC colonies if they were Oct4::GFP+ in mouse experiments or NANOG+/
TRA-1-81+ in human experiments.
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Gene expression analysis of iPSCs

Nanostring (Nanostring Technologies) and scorecard analysis was performed as

described 3. iPSCs were cultured in mTesr1 medium (Stem Cell Technologies) prior to
RNA isolation. To measure their differentiation propensities, iPSCs were dissociated into
embryoid bodies and cultured in human embryonic stem cell medium without bFGF for 16
days. Cells were then lysed and total RNA was extracted using Trizol (Life Technologies)
and purified using the RNeasy kit (QIAGEN). 300 ng to 500 ng of RNA was profiled on the
Nano-String nCounter system (Nanostring Technologies) according to manufacturer's
instructions. A custom nCounter codeset covering 500 genes that monitor cell state,
pluripotency, and differentiation was used 34. Data analysis was performed with the R
statistics package as in 3*. Briefly, the lineage scorecard performs a parametric gene set
enrichment analysis on t scores obtained from a pairwise comparison between the cell line
of interest and the reference of ES cell-derived EBs.

Differentiation of iPSCs

For teratoma formation, 1-2 million human iPSCs were injected into the kidney capsule of
nude mice and harvested 2 months later. Teratomas were sectioned and stained with
hematoxylin and eosin for visualization. For the mouse iPSC chimera assay, 10 Oct4::GFP+
iPSCs were injected per ICR blastocyst, and 20 blastocysts were transplanted into each
pseudopregnant female. Embryos were either allowed to develop to term or harvested at day
E12.5 and dissected for genital ridge analysis using a stereomicroscope.

Gene expression analysis of reprogramming cultures

Mlumina MouseRef-8 microarrays (Illumina) were used for genome-wide mRNA expression
analysis of reprogramming mouse keratinocyte cultures treated with DMSO or 10 pM
DAPT. For QPCR analysis, RNA was isolated using Trizol, cDNA synthesis was performed
using the iScript cDNA synthesis kit (Bio-rad), and the SYBR Green gPCR Supermix (Bio-
rad) was used for PCR product detection.

Western blots and immunofluorescence

Antibodies detecting mouse Notch (Santa Cruz Biotechnology, sc-6015), human NOTCH
(Abcam, ab27526, and Santa Cruz Biotechnology, sc-23307), cleaved human NOTCH (Cell
Signaling Technology, 2421), p53 (Santa Cruz Biotechnology, sc-56182), Involucrin
(Abcam, Ab53112), and p21 (Cell Signaling Technology 05-345) were used for western
blots. Blots were quantified using ImagelJ software. Antibodies specific for NANOG
(Abcam, AF1997) and TRA-1-81 (Chemicon, MAB4381) were used to identify human
iPSCs. A YH2AX (Abcam, ab11175) antibody was used to detect yH2AX foci. Cells in
which YH2AX staining covered greater than half the nucleus were scored as positive for
vH2AX foci.

UV irradiation assay

UV irradiation was performed at a dosage of 30 J. TUNEL staining was performed using a
TUNEL kit (Pharmacia Biosciences).
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shRNA/siRNA knockdown experiments

shRNAs and siRNAs were purchased from Sigma and added to reprogramming cultures
within 1 day after addition of the reprogramming retroviruses. sShRNAs (TRCN0000003753,
p53 and TRCNO000287021, p21) were expressed in the pLKO. 1 lentiviral backbone.
siRNAs were used at 80nM and were transfected into reprogramming cultures using
RNAIMAX (Life Technologies).

Array CGH analysis of iPSC lines

Cell Line Genetics performed array CGH analysis of iPSC lines at passage 5 using 4x 180K
+SNP analysis.

Statistical analysis

For all experiments, error bars represent the standard deviation between two-three biological
replicates and statistical significance was determined using a two-tailed homoscedastic
Student's t-test.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. DAPT treatment promotes mouse and human keratinocyte reprogramming
a, Chemical structure of DAPT. b, The efficiency of iPSC generation from mouse and

human keratinocytes transduced with Oct4, Sox2, Klf4, and cMyc with DMSO or DAPT
treatment (DAPT used at 10 uM in mouse experiment). ¢, The efficiency of iPSC generation
from mouse and human keratinocytes transduced with all combinations of 2 reprogramming
factors with DMSO or 2.5 uM DAPT treatment from days 1-18 post-transduction. d, A PO
mouse and human iPSC colony generated using OCT4, SOX2, and DAPT, scale bars = 100
um. g, Teratoma generated by iPSCs derived from human neonatal kerationcytes using
OCT4, SOX2, and DAPT, scale bar = 50 um. j, NANOG+/TRA-1-81+ iPSC line generated
from human adult keratinocytes using OCT4, SOX2 + DAPT, scale bars = 100 um. For all
experiments, error bars represent the standard deviation between two or three biological
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replicates and statistical significance was determined using a two-tailed homoscedastic
Student's t-test,
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Figure 2. y-secretase inhibition promotes reprogramming by blocking Notch signaling
a, Chemical structure of DBZ. b, The efficiency of NANOG+/TRA-1-81+ iPSC generation

from human neonatal keratinocytes transduced with OCT4, KLF4, SOX2, and CMYC and
treated with different concentrations of DBZ from days 1-18 post-transduction. ¢, The
efficiency of NANOG+/ TRA-1-81+ iPSC generation from human neonatal keratinocytes
transduced with OCT, SOX2, KLF4, and CMYC and GFP or NOTCH ICD and treated with
DMSO or 10 pM DAPT from days 1-18 post-transduction. Cells were transduced with
NOTCH ICD or GFP lentivirus 1 day after transduction with the reprogramming factors. d,
gPCR analysis of expression levels of NOTCH-dependent gene HES1 in human neonatal
keratinocytes transduced with dominant-negative MASTERMIND-LIKE-1 (dnMAML) or
RFP. e, The efficiency of NANOG+/TRA-1-81+ iPSC generation from human neonatal
keratinocytes transduced with OCT, SOX2, KLF4, and CMYC and RFP or dnMAML and
treated with DMSO or 10 uM DAPT from days 1-18 post-transduction. For all experiments,
error bars represent the standard deviation between two or three biological replicates and
statistical significance was determined using a two-tailed homoscedastic Student's t-test.
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Figure 3. Notch inhibition promotes keratinocyte reprogramming by suppressing p21
a, Schematic of the DAPT treatment time course on human neonatal keratinocytes. b,

Efficiency of NANOG+/TRA-1-81+ iPSC generation from human neonatal keratinocytes
transduced with OCT4, SOX2, KLF4, and CMYC and treated with intervals of 10 pM DAPT
or ¢, 2 M DBZ. d, Western blot for p21 in human neonatal keratinocytes transduced with
OCT4 and SOX2 and treated with DMSO or 10 uM DAPT. Full blot shown in
Supplementary Figure 7c. e, Western blot for INVOLUCRIN in human neonatal
keratinocytes treated with DMSO, 10 pM DAPT, or 1.2 mM calcium chloride for 6 days.
Calcium was used as a positive control to induce keratinocyte differentiation. Full blot
shown in Supplementary Figure 7d. f, Efficiency of NANOG+/TRA-1-81+ iPSC generation
from human neonatal keratinocytes transduced with OCT4, KLF4, SOX2, and CMYC and a
scrambled shRNA or a p21 shRNA at day 0 of reprogramming. DAPT was added at 10 pM.
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g, Efficiency of NANOG+/TRA-1-81+ iPSC generation from human neonatal keratinocytes
transduced with OCT4 and SOX2 and a scrambled shRNA control or a p21 shRNA at day 0
of reprogramming. DAPT was added at 2.5 uM. h, Efficiency of NANOG+/TRA-1-81+
iPSC generation from human neonatal keratinocytes transduced with OCT, SOX2, KLF4,
and CMYC and GFP or p21 and treated with DMSO or 10 uM DAPT from days 1-18 post-
transduction. For all experiments, error bars represent the standard deviation between two-
three biological replicates and statistical significance was determined using a two-tailed
homoscedastic Student's t-test.
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Figure 4. Highly efficient reprogramming with NOTCH and DOTI1L inhibition
a, Comparison of NANOG+/TRA-1-81+ iPSC generation from OCT4, SOX2, KLF4, and

CMYC-transduced human neonatal keratinocytes using 10 uM DAPT versus other published
reprogramming chemicals. “A83” = A8301 (.5 uM), “PD” = PD0325901 (.5 uM), “All from
ref (13)” = A8301 (.5 uM), PD0325901 (.5 uM), PS48 (5 uM), sodium butyrate (.25 mM),
Parnate (2 puM), CHIR99021 (3 uM), “AZA” = 5-aza-cytidine (.5 pM), “VPA” = valproic
acid (.5 mM), “iDOTIL” = EPZ004777 (3 uM). b, Comparison of NANOG+/TRA-1-81+
iPSC generation from OCT4- and SOX2-transduced human neonatal keratinocytes using 2.5
1M DAPT versus other published reprogramming chemicals. ¢, iPSC line generated from
human neonatal keratinocytes using OCT4, SOX2, DAPT, and iDOT1L. scale bars = 100
wm. For all experiments, error bars represent the standard deviation between two-three
biological replicates and statistical significance was determined using a two-tailed
homoscedastic Student's t-test.
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Figure 5. NOTCH inhibition suppresses p21 without reducing p53 activity
a, qPCR analysis of p53-dependent genes in human neonatal keratinocytes 3 days after

transduction of GFP or OCT4 and SOX2. b, Western blot of p53 levels in human neonatal
keratinocytes with DMSO or 10 uM DAPT treatment for 3 days. Full blot shown in
Supplementary Figure 7g. ¢, gPCR analysis of p53-dependent genes after 10 pM DAPT or 2
uM DBZ treatment for 3 days in OCT4, SOX2-transduced human keratinocytes. d, The
efficiency of NANOG+/TRA-1-81+ iPSC generation in OCT4, SOX2, KLF4, and CMYC-
transduced human neonatal keratinocytes transduced with p53DD or GFP with or without
exposure to UV irradiation. e, yH2AX immunostaining in human neonatal keratinocytes 10
days after transduction with OCT4, SOX2, KLF4, and CMYC and treatment with DAPT,
p53DD, or p53 shRNA. Scale bars = 50 pum. f, The percentage of TUNEL-positive cells in
human neonatal keratinocyte reprogramming cultures with active or inactive p53 (p53DD
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expression) 10 days after transduction with OCT4, SOX2, KLF4, and CMYC. g, The number
of insertions or deletions (indels) per iPSC line derived under normal, DAPT, or p53DD
conditions, as determined by array CGH. For all experiments, etror bars represent the
standard deviation between two biological replicates and statistical significance was
determined using a two-tailed homoscedastic Student's t-test. * denotes significance p-value
<.05.
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Letters

OBSERVATION

Buruli Ulcer Successfully Treated

With Negative-Pressure Wound Therapy

Buruli ulcer (BU) is a slowly progressive lesion with local ne-
crosis caused by Mycobacterium ulcerans.* It is mostly seen in
tropical areas,*? and the lack of awareness of BU in nonen-
demic areas sometimes leads to diagnostic delay. Significant
delay places patients at risk of more extensive disease. Nega-
tive-pressure wound therapy (NPWT)is considered tobe a great
alternative because it accelerates wound healing. Herein, we
report an advanced case of BU successfully treated with NPWT.

Report of a Case | A woman in her 50s noticed a painless ery-
thematous nodule, 1.0 cm in diameter, on the right ankle 4
months before her initial visit to our hospital. The patient had
no history of traveling abroad but had been working in a veg-
etable field for the previous 9 months. She was diagnosed with
pyoderma gangrenosum by a local dermatologist and pre-
scribed oral cephem antibiotics and betamethasone (1 mg/d)
for 2 months. However, the lesion grew, and she was referred
for further evaluation.

Physical examination revealed a necrotic, ulcerative le-
sion, 10.0 x 5.5 cm, on the right ankle. Acid-fast bacilli were
detected with Ziehl-Neelsen staining in smear specimens from
the ulcer, though no pathogenic bacteria had been found by

repeated cultures during the previous 4 months. By poly-
merase chain reaction (PCR), we confirmed the presence of in-
sertion sequence (IS) 2404 in the DNA extracted from paraffin-
embedded sections of the skin biopsy specimen, and it raised
the possibility of M ulcerans or M ulcerans subspecies shin-
shuense as the causative organism (Figure 14).

Then, we analyzed mycolactone-producing genes in the
virulence plasmid pMUMO01 from bacteria cultured from the
wound. The PCR analysis showed the characteristic features
of M ulcerans subspecies shinshuense, ie, only the serine/
threonine protein kinase gene MUPO11 (479 base pairs) was not
detected among mycolactone-producing genes in pMUMO001
(Figure 1B). Thus, we established the final diagnosis of BU
caused by M ulcerans subspecies shinshuense, and treatment
was begun, adjusted to her low body weight of 38.4 kg, with
clarithromycin (600 mg/d), rifampicin (450 mg/d), and levo-
floxacin (500 mg/d).

We regard the date when the specific treatment for BU
was started as day 1. The lesion was larger than 15.0 cm in
diameter at that time (Figure 24). Since it seemed difficult to
heal the lesion completely with only antibiotics, she was
given surgical debridement on day 20. The ulcer had a
necrotic bed, with the Achilles tendon and the calcaneal
bone exposed (Figure 2B). We started NPWT with V.A.C.
Therapy System (Kinetics Concepts Inc [KCI]) as a pretreat-
ment for skin grafting on day 42. The vacuum suction was

Figure 1. Genetic Analysis by Polymerase Chain Reaction (PCR) Targeting 152404 and Virulence Plasmid pMUMOOT1

[A] PCR analysis of 52404

B-Globin 152404

NC PCS1 s2 M NC PC S1 S2

[B] PR analysis of pMUMOOL

A, Under PCR analysis of 152404, the biopsy specimen was found to be strongly positive for the 154-bp product, which raised the possibility of Mycobacterium
ulcerans or M ulcerans subspecies shinshuense as the causative organism. Lane M represents a 100-base pair (bp) ladder marker; lane NC, a negative control; lane
PC, a positive control; lane S1, a DNA sample extracted from paraffin-embedded skin (patient) before antibiotic use; lane 52, a DNA sample extracted from
paraffin-embedded skin (patient) after antibiotic use. B, Under PCR analysis of virulence plasmid pMUMOOT, only lane 3 was found to be negative. These results
clearly indicate the diagnosis of Buruli ulcer caused by M ulcerans subspecies shinshuense. Lane M represents a 100-bp ladder marker; lane 1, repA (413 bp); lane 2,
parA (501 bp); lane 3, the serine/threonine protein kinase gene MUPO1T (479 bp); lane 4, a loading domain of mis (560 bp); lane 5, an acyltransferase domain of mis
(504 bp); lane 6, the rep type Il thicesterase gene (500 bp); lane 7, the rep type IIl ketosynthase gene (496 bp); and lane 8, the rep P450 hydroxylase gene (500 bp).
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Figure 2. Time Series of the Clinical Features of Buruli Ulcer (BU)

E] Day 1 of antibiotic treatment

M} After debridement on day 20

After negative-pressure wound therapy, day 69

E] After skin grafting, day 127

A, Painful ulceration with necrotic tissue surrounded by erythema on the right ankle on day 1 of BU-specific antibiotic treatment. B, The ulcer after radical
debridement on day 20. The Achilles tendon and the calcaneal bone are exposed, and the articular capsule of the ankle joint has been destroyed. C, After
negative-pressure wound therapy treatment, red granulation tissue covers the ulcer bed on day 69. D, The well-preserved skin graft completely encloses the lesion

on day 127.

maintained at 125 mm Hg, and the wound dressings were
changed every third day for 24 days. By day 69, good granu-
lation tissue covered the ulcer bed (Figure 2C). A mesh skin
graft was successfully engrafted on day 78. By day 127, the
ulcer was completely healed, and she was able to walk again
by herself (Figure 2D). Treatment with antibiotics was con-
tinued throughout the 4-month treatment course.

Discussion | Buruli ulcer should be considered in patients who
present with chronic refractory ulcers or atypical cellulitis un-
responsive to standard treatment. Its diagnosis relies primar-
ily on PCR methods,* and PCR targeting of IS2404 is a highly
sensitive and specific diagnostic test (sensitivity and specific-
ity >90%).°

In this case, although the lesion extended deeply and re-
quired radical debridement, we were able to avoid amputation
and achieve good wound healing by wound bed preparation with
NPWT, which increases wound blood flow and granulation tis-

JAMA Dermatology Published online June 24,2015

sue growth and decreaseslocal edema and bacterial flora at the
wound site.® Portable NPWT treatment devices are adaptable for
outpatients and also can be used in developing countries. This
treatment outcome suggests that NPWT might be appropriate for
treatment of advanced BU cases.
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Background: Knowledge of changes in lymphatic flow after sentinel lymph node biopsy (SLNB) is
important for the development of strategies for postoperative adjuvant therapy in malignant melanoma.
Objectives: 41 patients (22 males and 19 females; average age: 67.0 + 24.0 years) with primary cutaneous
malignant melanoma (PCMM) participated in the present study. The primary tumor sites were the upper
extremities (9 patients), the lower extremities (20 patients), the trunk (11 patients) and the scalp (1 patient).
The tumor thicknesses of the PCMM lesions were from 0.5 mm to 9.0 mm (average: 3.3 + 2.5 mm). All the
participants underwent wide local excision and SLNB.
Methods: We studied lymphatic flow before and after SLNB by near-infrared (NIR) imaging in all 41
cases. In addition, we performed NIR imaging of lymphatic flow after the lymph node dissection in one
case with sentinel lymph node (SLN) metastasis.
Results: Almost no changes in lymphatic flow were seen in 38 of the 41 patients (92.7%) after SLNB. Only
in 3 patients (7.3%), one with SLN metastasis and the other two without SLN metastasis, was apparent
alteration in the lymphatic flow observed after SLNB. Of the 16 patients without SLN metastasis, only 3
patients showed recurrence of the tumors. Interestingly, 1 of the 2 patients without SLN metastasis but
with lymphatic flow alteration had recurrence (regional lymph node metastasis) of the melanoma,
whereas only 2 of the 14 patients without SLN metastasis or lymphatic flow alteration had recurrence, 1
with regional lymph node metastasis and the other with distant lymph node metastasis. In 1 case, we re-
examined the lymphatic flow after regional lymph node dissection and the lymphatic flow was found to
be dramatically changed.
Conclusion: We clearly demonstrated that SLNB has only a minimal effect on lymphatic flow. The present
results suggest that SLNB does not increase the risk of local recurrence/in-transit metastasis and may
support the efficacy of post-SLNB local adjuvant injection to prevent local recurrence and in-transit
metastasis.

© 2015 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights

reserved.

1. Introduction

development of strategies for postoperative adjuvant therapy of
cutaneous malignant tumors, including primary cutaneous malig-

Revealing the extent and patterns of changes in lymphatic flow nant melanoma (PCMM). It is apparent that SLNB results in less
after sentinel lymph node biopsy (SLNB) is essential for the tissue damage than that for regional lymph node dissection [1].

However, information on lymphatic flow changes after SLNB has
been limited.

Abbreviations: 1CG, indocyanine green; NIR, near-infrared; PCMM, primary Until recently, most imaging studies on human lymphatic flow
cutaneous malignant melanoma; SLN, sentinel lymph node; SLNB, sentinel lymph have employed lymphoscintigraphy [2]. Studies by Celebioglu

node biopsy.
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etal.[1] of lymph drainage in the arms after SLNB and after axillary
lymph node dissection by lymphoscintigraphy revealed that
lymph drainage was less affected by SLNB than by axillary lymph

E-mail address: makiyama@med.nagoya-w.ac.,jp (M. Akiyama). node dissection. However, lymphoscintigraphy is not sufficiently
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