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Most studies on leukemia focus on leukemia cells as isolated objects without considering the bone marrow
niche. Pal et al. have recreated the bone marrow niche using induced pluripotent stem cells (iPSCs), identi-
fying CDH2 as a therapeutically druggable leukemia-promoting factor.1
Cancer cells and leukemia blasts, in

particular, are capable of shifting their im-

mediate surrounding toward a more

permissive microenvironment that pro-

motes oncogenic behavior—enhanced

survival and proliferation, diminished dif-

ferentiation, and,more importantly, devel-

opment of chemoresistance. This is

particularly important considering that

the interplay between leukemia and the

microenvironment is not taken under

consideration in most studies on leuke-

mogenesis. There are also technical ob-

stacles when investigating the crosstalk

between the human bone marrow niche

and healthy hematopoietic or leukemia

cells. Pal et al. overcome these difficulties

by using iPSCs.1

The discovery of iPSCs is one of the

major breakthroughs of the 20th century,

representing huge technological progress

and bringing new dimensions to the field

of developmental biology.2 From the

technological point of view, iPSCs repre-

sent the possibility to reprogram almost

any human somatic cell into a pluripotent

embryonic stem cell-like state, becoming

a valuable source of almost every somatic

cell. This reprogramming technology is

applied in translational research to

perform experimental modeling of human

diseases and to generate mature somatic

cells for therapeutic use. From the

perspective of developmental biology,

the fact that a simple combination of three

to four transcription factors can turn any

somatic cell into a pluripotent stem cell

shows the tremendous power of tran-

scription factors and surrounding

signaling systems in the regulation of

cellular behavior, including oncogenesis/
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leukemogenesis in which a simple failure

in this regulation may be fatal. Although

highly or partially artificial, iPSCs repre-

sent an extremely useful model for trans-

lational and cancer research. Pal et al.

use the iPSC system to recapitulate the

bone marrow niche in vitro in order to

investigate the crosstalk between niche

components with leukemia blasts. Their

ultimate goal was to investigate niche-

mediated mechanisms of therapy resis-

tance in leukemia cells in order to identify

druggable targets.

In order to recapitulate the bone

marrow niche, the authors successfully

re-programmed human primary bone

marrow mesenchymal cells into iPSCs

and subsequently differentiated them

into mesenchymal stem cells (iMSC) or

vascular niche-like cells (iANG). Perform-

ing co-culture assays with leukemia

blasts, they found that bothmesenchymal

cells and vascular niche-like cells support

ex vivo proliferation and survival of leuke-

mia cells. iMSC and iANG also inhibited

dormancy in leukemia cells contributing

to therapy resistance. While iMSC

showed therapy protection for both non-

cycling and cycling leukemia cells, iANG

protected only dormant cells. This may

be due to the different physical locations

of these two niche cell types in relation

to leukemia cells or to the differences in

the expression/secretion patterns of

homing receptors/adhesion molecules,

soluble niche components, growth fac-

tors, chemokines, and cytokines.

To uncover essential players involved in

niche leukemia interactions, the authors

compared the gene expression profiles

of iPSC-derived niche cells co-cultured
Cell Reports Medicine 3, 10072
ticle under the CC BY-NC-ND license (http://cr
with or without patient-derived leukemia

blasts, identifying an upregulation of Cad-

herin 2 (CDH2, N-cadherin) in both niche

cells in the presence of leukemia blasts.

This finding is especially interesting

because CDH2 regulates proliferation,

migration, and differentiation of stem cells

by inducing b-catenin signaling, phos-

phorylation of the c-Janus N-terminal ki-

nase (JNK), and activation of small

GTPases, such as Rho, Rac, and

Cdc42.3–6 CDH2 also interacts with

growth factor receptors, such as VEGFR,

EGFR, FGFR, TGFBR, and HGFR, regu-

lating downstream signaling pathways.3

These results suggested that CDH2 upre-

gulation may represent a key initiating

event in the emergence of the leukemia-

supporting bone marrow niche, and thus

the authors hypothesized about the thera-

peutic potential of targeting CDH2.

They examined the anti-leukemia activ-

ity of the CDH2 competitive antagonist

ADH-1. ADH-1 or Exherin is a pentapep-

tide inducing a disruptive effect on tumor

vasculature in preclinical models for solid

tumors.6 It has been previously evaluated

in clinical phase I/II trials in melanoma and

other CDH2 positive solid tumors and has

been described as a well-tolerated drug

with a modest anti-tumor activity,

receiving FDA orphan drug status in

2008. Pal et al. showed that, when com-

bined with dexamethasone, ADH-1 was

extremely effective in vitro against acute

lymphoblastic leukemia (ALL) and acute

myeloid leukemia (AML) cells as well as

in vivo in an ALL patient-derived xenograft

model using luciferase-tagged leukemic

blasts from a very high risk ALL (Figure

1). Of note, no additional toxicity as
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Figure 1. Leukemia cell interaction with bone marrow niche components via N-cadherin

causes therapy resistance
Image created with BioRender.com.
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compared to dexamethasone alone was

detected. These findings are of great rele-

vance from different aspects—it demon-

strates the importance and applicability

of an artificial iPSC system for transla-

tional leukemia research; it also provides
2 Cell Reports Medicine 3, 100724, August 16
essential insights into the understanding

of the biology of leukemia, particularly

the therapy-protective role of the bone

marrow environment that is, in turn, re-

programmed/re-directed by leukemia

cells; and it ultimately identifies CDH2 as
, 2022
an essential adhesion molecule protect-

ing leukemia cells from therapy-induced

apoptosis and inhibition of proliferation.

The emerging role of CDH2 in hematolog-

ical malignancies and cancer metastasis,

as well as its potential as a therapeutic

target, has already been described and

discussed by several investigators.7,8

Based on their observations and previous

publications, Pal et al. also suggested the

potential of CDH2 inhibitor ADH-1 or other

drugs with anti-CDH2 activity in combina-

torial anti-leukemia therapy. Thus, more

comprehensive studies on large cohorts

of pediatric and adult leukemia patients

should be performed to understand the

clinical relevance of CDH2 inhibition for

the treatment of leukemia. The investiga-

tions on the role of the niche and CDH2,

in particular on cancer cell growth and

therapy protection using the iPSC system,

may also be expanded to other hemato-

logical malignancies. It would be inter-

esting to further evaluate the combinatory

effects of other factors regulating cell

adhesion and tight junctions, such as

claudin 2 and caveolin 1, which showed

in this study a high upregulation in niche

cells upon co-culture with leukemia cells.

Identification of leukemia subtypes and

leukemia evolution stage (i.e., leukemia

stem cells versus leukemia blasts) in

bigger comprehensive studies will shed

light on the ultimate role of CDH2 and its

therapeutic potential. The difference in

the effects of iMSC and iANG on dormant

versus proliferating leukemia cells is quite

interesting. It is known that N-cadherin-

expressing bone marrow stromal progen-

itor cells maintain reserve hematopoietic

stem cells,9 and thus leukemia cells may

benefit from these features of MSC for

therapy protection. Improving our knowl-

edge of the niche-specific regulation of

leukemia cells by comparing the distribu-

tion of leukemia cells in the bone marrow

depending on the type and subtype of leu-

kemia may provide a better estimation

of the therapeutic response to CDH2

inhibitors.
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