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We showed malignant plasma cells express angiocrine factor EGF like-7
(EGFL7) mRNA and protein. MM cells expressed the functional EGFL7 receptor integrin b 3 (ITGB3),
resulting in ITGB3 phosphorylation and FAK activation. Overexpression of ITGB3 or EGFL7 enhanced MM
cell adhesion and proliferation. 1TGB3 overexpression upregulated the transcription factor Kr”
uppel-like factor 2 (KLF2), which further enhanced EGFL7 transcription in MM cells, thereby
establishing an EGFL7-1TGB3-KLF2-EGFL7 amplication loop that supports MM cell survival and
proliferation.. NOD.scid./J mice transplanted with MM cells showed elevated human plasma EGFL7
levels. EGFL7 knockdown in patient-derived MM cells and treatment with neutralizing antibodies
against EGFL7 inhibited MM cell growth in vivo. The MM drug bortezomib upregulates EGFL7, 1TGB3,
and KLF2 expression in MM cells. Inhibition of EGFL7 signaling in synergy with BTZ may provide a
novel strategy for inhibiting MM cell proliferation.
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Background at the beginning of research

Multiple myeloma (MM) is a malignant disease characterized by the proliferation of clonal
plasma cells within the bone marrow (BM) (1). Typical treatments for MM patients include
chemotherapies like bortezomib (BTZ) combined with steroid treatment (2, 3). However, the
average survival rate for myeloma patients (even while receiving treatment) is poor, ranging
from 4-6 years (4, 5). Furthermore, most patients relapse or become refractory to therapies
implying that drug resistance prevents effective treatment of MM.

The BM microenvironment partially protects MM cells from chemotherapy, radiotherapy, or
receptor-targeting drugs by enhancing integrin-mediated cellular adhesion. Major
fibronectin receptors like the Very Late Activation Antigen-4 (VLA-4), VLA-5, the integrin
alphaV beta3, and B7 integrins mediate MM drug resistance (6). MM drug resistance is
partially due to mutations of the integrin beta 3 (Itgb3) pathway (7, 8). Itgh3 enhances MM
cell proliferation, protease secretion, invasion, and spreading (9-11).

The angiogenic factor epidermal growth factor-like-7 (Egfl7) can bind to Itgb3 and Notch
receptors through the RGD motif in its EGF domain (12, 13). Egfl7 is a protein of around 30
kDa that promotes endothelial cell (EC) survival, migration, and differentiation (14, 15).
Dysregulation of Egfl7 has been frequently found in several types of solid cancers, and acute
myeloid leukemia (16). Egfl7 is upregulated in malignancies including leukemia (17). MM
cells can secrete angiogenic factors like vascular endothelial factor that support their growth
(18, 19). Lagana et al. reported high Egfl7 expression in two of the newly identified disease
clusters in a large-scale study of 450 patients with newly diagnosed MM: the multiple
myeloma SET domain MMSET (enriched for translocations of MMSET) and the IMM
(Immune; characterized by upregulation of the human cyclin D2 gene and several genes from
the S100 cancer testis antigen family) cluster (20). However, the role of Egfl7 in MM cells is
not well-defined.

2. WZED AP

Purpose of research

In this study, we examined the role of the angiocrine factor Egfl7 for multiple myeloma
growth and determined its mechanism of action. Furthermore, we tested whether Egfl7
contributes to drug resistance.

3. WD L

Research method

We examined multiple myeloma cell lines (human RPMI8226, MM.1S, HS-5, HL-60, HEL,
U266, H929, and KMS11 cell lines) for Eglf7 expression. Cell growth after Egfl7
overexpression and knockdown was performed both in vitro and in vivo. In addition, we
established the c-Myc murine MM model by transplanting c-Myc cells into C57/B16 mice.
Finally, Vk c-MYC mice were treated with anti-EGFL7 neutralizing or IgG control antibodies.

4. WFZERCR

Research results

Here, we demonstrate that MM cells express Egfl7 and Itgb3 where they convey increased
proliferation and adhesion. Egfl7 enhances MM cell survival and promotes phosphorylation
of AKT and anti-proliferative factor BAK expression (panels A-C). Overexpression of Eglf7
enhances MM cell growth in vivo (panel D). Co-expression of Egfl7 and integrin beta3 (Itgb3)
increased MM cell proliferation in vitro (panel E).

All Data that follow have been published in Salama et al. Blood advances, Vol. 4, 1021-37



A C 6
B < caspase-3/7 _ D . '
é 21 . Py \:\o(\:\\L Sacliwty(fold) e, T
Z e . ;’» EGFL7 OF 1
. I PAKT g 2
z [ 51 x 2 =
F o L L B 0 o m_ cerzko| @ . .
‘@«o%\w? S & F©
. S S B OQ\',‘(O o
Results cont.: VKk*MYC mice mimic several aspects of human MM
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£ neutralizing antibodies prevented disease progression indicating the
3 importance of Egfl7 for MM cell proliferation (panel F). We showed that
Egfl7 binding to Itgb3 enhances the expression of the KLF2 transcription
factor (panel G). Finally, we showed that bortezomib treatment could
upregulate Egfl7 expression in MM cell lines and primary human MM
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Mechanistically, Itgh3 overexpressing MM cells induced the expression of Kriippel-like factor
2 (K1f2), a transcription factor essential for MM cell survival (21). Furthermore, by using
neutralizing antibodies for human Egfl7 or using Egfl7 knockdown approaches, we
demonstrate that inhibition of Egfl7 and/or Itgb3 in vitro or in vivo inhibits the proliferation
of MM cells. Finally, we provide data showing that the Egfl7-Itgh3-KIlf3 axis contributes to
MM cell resistance against the proteasome inhibitor BTZ (panel I).

Our studies indicate that Egfl7 could contribute to drug resistance to bortezomib and suggest
that anti-EGFL7 antibodies could help to override drug resistance.
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