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MCP - 1 mediates TGF — B — induced angiogenesis
by stimulating vascular smooth muscle cell migration

Ye — Guang Chen Jing Ma Qiang Wang

(Department of Biological Sciences and Biotechnology, Tsinghua University, Beijing 100084 )

Transforming growth factor — 8 (TGF - 8) and its signaling mediators play important roles in vascu-
lar formation during embryogenesis and in cardiovascular homeostasis in the adult. Despite a wealth of
genetic information, however, the molecular basis of TGF — § function in angiogenesis is largely un-
known. Our previous studies with microarray analysis identified that TGF — 8 and its type I receptor
ALKS induce the expression in endothelial cells (ECs) of monocyte chemoattractant protein 1 ( MCP —
1), a chemokine that is shown to induce migration of monocytes, lymphocytes and ECs. Here we pro-
vide evidence that MCP — 1 participates in TGF — 8 - induced angiogenesis in chick chorioallantoic mem-
brane (CAM) assay. We further demonstrated that MCP — 1 stimulates migration of vascular smooth
muscle cells (VSMC) and mesenchymal precursor cells 10T1/2 as shown by wound healing assay and tr-
answell migration assay. Moreover, the condition media of TGF — 8 — treated ECs promoted VSMCs mi-
gration in a MCP — 1 — dependent manner. Consistently, the activity of the MCP — 1 promoter is en-
hanced by TGF - 3, constitutively active forms of ALK5, Smad3 and Smad4, but inhibited by Smad7.
Smad3 and Smad4 protein can specifically bind to the MCP - 1 promoter. These results suggest that TGF
— B induces ECs to secrete MCP — 1, which then promotes the recruitment of VSMC and mesenchymal

cells onto ECs and facilitates blood vessel maturation.
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A crucial role of angiotensin converting enzyme 2 (ACE2)
in SARS coronavirus - induced lung injury

Keiji Kuba"”, Yumiko Imai'’ , Shuan Rao>’, Hong Gao’,
Feng Guo®, Bin Guan® , Yi Huan?, Peng Yamg2 , Yanli Zhang2 ;
Wei Deng’, Linlin Bao’, Binlin Zhang’ ,l Guang Liv®, Zhong Wang’,
Mark Chappell’, Yanxin Liu?, Dexian Zheng’, Andreas Leibbrandt', Teiji Wada',
Arthur S Slutsky®, Depei Liv*, Chuan Qin’, Chengyu Jiang’ & Josef M Penninger'

During several months of 2003, a newly identified illness termed severe acute respiratory syndrome
(SARS) spread rapidly through the world" ~*’ . A new coronavirus (SARS — CoV) was identified as the
SARS pathogen'®~") which triggered severe pneumonia and acute, often lethal, lung failure™ . More-
over, among infected individuals influenza such as the Spanish flu™'’ and the emergence of new respira-
tory disease viruses'""') have caused high lethality resulting from acute lung failure'' . In cell lines,
angiotensin — converting enzyme 2 (ACE2) has been identified as a potential SARSCoV receptor ! .
The high lethality of SARS — CoV infections, its enormous economic and social impact, fears of renewed
outbreaks as well as the potential misuse of such viruses as biologic weapons make it paramount to under-
stand the pathogenesis of SARS — CoV. Here we provide the first genetic proof that ACE2 is a crucial
SARS - CoV receptor in vivo. SARS — CoV infections ane the Spike protein of the SARS - CoV reduce
ACE2 expression. Notably, injection of SARS — CoV Spike into mice worsens acute lung failure in vivo
that can be attenuated by blocking the renin — angiotensin pathway. These results provide a molecular ex-
planation why SARS — CoV infections cause severe and often lethal lung failure and suggest a rational

therapy for SARS and possibly other respiratory disease viruses.
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Recently, ACE2 was identified as a functional SARS coronavirus receptor in cell lines'™ . But a

possible second receptor, CD209L (L - SIGN), has also been identified from in witro studies'™ .
Thus, it was not known whether ACE2 is indeed crucial for SARS — CoV infections in vivo. To address
this question genetically, we infected Ace2 knockout'®’ and control wild — type mice with SARS — CoV .
As reported previously'"”’ , SARSCoV infections of wild — type mice result in viral replication in the lungs
and the recovery of large amounts ( > 10’ the tissue culture — infectious dose, which will infect 50% of
the cell monolayers (TCIDs,T) per gram lung tissue) of infectious virus (Fig la). In Ace2 knockout
mice, only a very low quantity of infectious SARS — CoV virus could be recovered ( < 102 TCID;, per
gram lung tissue; Fig 1a), and the copy numbers of SARS — CoV Spike RNA were greatly reduced (Fig
1b). SARS - CoV infection of mice is associated with the development of mild pathological changes in
the lungs (Fig 1c, d). Moreover, pathologic alterations in lungs were reduced in Ace2 mutant mice
compared to wild — type mice (Fig lc, d). These data provide the first genetic proof that ACE2 is in-
deed a crucial in vivo SARS receptor required for effective replication of infectious SARS — CoV .

We have recently shown that the renin — angiotensin system has a crucial role in severe acute lung
injury and that the SARS - CoV receptor ACE2 has a protective role in acute lung failure’™ (Fig 2a).
Notably, experimental SARS — CoV infections of wild — type mice in vivo resulted in considerably re-
duced ACE2 expression in the lungs (Fig 2b) suggesting that reduced ACE2 expression might have a
role in SARS - CoV — mediated severe acute lung pathologies. By contrast, ACE lung expression levels
were not overtly changed in SARS - CoV - infected mice (Fig 2b). We therefore speculated that SARS
— CoV might affect lung pathologies through ACE2. To test this idea, we established a defined model
system using recombinant SARS — CoV surface — Spike protein, which is the essential ligand for ACE2

4] This model system allowed us to avoid possible secondary effects resulting from viral replica-

binding[
tion or infections in vivo and to directly test whether SARS — CoV Spike protein might adversely affect
acute lung injury through modulation of ACE2.

We first tested whether recombinant SARS — CoV Spike protein (Supplementary Fig 1 online) binds
to human as well as mouse ACE2 protein using in vitro pull — down assays. Our recombinant Spike — Fc
protein indeed pulled down both human and mouse ACE2 (Fig 2c). SARS - CoV Spike — Fe binding to
human and mouse ACE2 was confirmed by FACS binding assa};s of Spike — Fc to 293 cells overexpressing
human or mouse ACE2 (Fig 2d). Moreover, Spike — Fc bound to endogenous ACE2 in Vero E6 cells
(Fig 2e) . Notably, binding of Spike — Fc to endogenous ACE2 in Vero E6 cells resulted in downregula-
tion of ACE2 surface expression (Fig 2e and Supplementary Fig 1 online). Spike — Fc also decreased
surface levels of human and mouse ACE2 overexpressed in 293 cells (data not shown) and triggered syn-
cytia formation of mouse ACE2 — transfected but not control CD4 — transfected 293 cells (not shown) .
Thus, analogous to other virus — receptor interactions®’ , SARS — CoV Spike protein binding to ACE2 in
cell lines or SARS — CoV infections in vivo results in reduced ACE2 protein expression.

Because ACE2 is a crucial SARS - CoV receptor (Fig 1), SARS - CoV Spike protein binding to
ACE2 downmodulates ACE2 expression (Fig 2), and loss of ACE2 expression results in severe acute
respiratory failurel8, we tested whether SARS — CoV Spike protein, which is the crucial ACE2 binding

[20,21]

protein , could affect the severity of acute lung injury in vivo. Notably, treatment with Spike — Fc

6 -



