
 

 

ANG 
 
ANG was originally isolated from the conditioned 
medium of HT-29 human colon adenocarci-
noma cells based solely on its angiogenic activ-
ity in the chicken embryo chorioallantoic mem-
brane (CAM) angiogenesis assay [1]. Subse-
quently, it has been found to have a wide tissue 
distribution, with the liver to be the major 
source for circulating ANG in plasma [2]. ANG is 
the 5th member of the pancreatic ribonuclease 
(RNase) superfamily. It has a 33% amino acid 
identity and an overall  homology of 56% to that 
of RNase-A, the 1st and prototypic member of 
this superfamily [3]. However, the ribonu-
cleolytic activity of ANG is several orders of mag-
nitude lower than that of RNase-A [4]. Strikingly, 
this low but unique ribonucleolytic activity  is 
important for the biological activity of ANG [4]. 
The amino acid residues important for catalysis 
are conserved in all vertebrate ANG from fish to 

human [5]. Extensive work on site-directed 
mutagenesis has shown that ANG variants with 
reduced enzymatic activity all have reduced 
angiogenic activity [4, 6-13]. Some but not all of 
the variants having enhanced enzymatic activity 
have enhanced angiogenic activity [9, 14]. 
Structural work indicated that one of the rea-
sons for ANG to have a reduced ribonucleolytic 
activity is that the side chain of Gln 117 occu-
pies part of the enzymatic active site so that 
substrate binding is compromised [15]. 
 
ANG is angiogenic, whereas the prototype family 
member RNase-A is not. Two important struc-
tural differences between ANG and RNase-A are 
responsible for this feature. The first is that ANG 
has a receptor binding site comprising of amino 
acid residues 59 to 68 [8, 16] but RNase-A 
does not have this site as the corresponding 
amino acid sequence of this region is very dif-
ferent [15, 17]. Therefore ANG binds to its tar-
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Abstract: Angiogenin (ANG) is a 14 kDa angiogenic ribonuclease that is upregulated in a variety of human cancers. 
Accumulating evidence indicates that the angiogenic activity of ANG is related to its ability in regulating ribosomal 
RNA (rRNA) transcription. ANG is translocated to the nucleus of growth-stimulated endothelial cells where it accumu-
lates in the nucleolus, binds to the promoter region of ribosomal DNA (rDNA), and stimulates rRNA transcription. This 
normally well-controlled process of nuclear translocation of ANG is hijacked by cancer cells that constitutively uptake 
ANG and translocate it into the nucleus so that rRNA is constantly transcribed to meet a higher metabolic require-
ment of this cells. Nuclear translocation of ANG therefore controls the rate of rRNA transcription and has been shown 
to be a molecular target for cancer drug development. Recently, ANG has also been shown to play a role in motor 
neuron physiology. Loss-of-function mutations in the coding region of ANG gene have been found in patients with 
amyotrophic lateral sclerosis (ALS). A deficiency in ANG function may result in insufficient rRNA transcription in motor 
neurons that require robust ribosome biogenesis due to the demand of long axonal transport. Haploinsufficiency of 
ANG has thus been implicated in ALS pathogenesis, and ANG has been shown to promote motor neuron survival both 
in vitro and in vivo. Promotion of ANG expression or activity has been recognized as a therapeutic opportunity for ALS 
treatment. 
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get cells (including endothelial cells, cancer 
cells and motor neurons) but RNase-A does not. 
Another structural difference between ANG and 
RNase-A is that ANG has a nuclear localization 
sequence (NLS) consisting of 30MRRRG34, 
whereas RNase-A does not [18]. Therefore ANG 
undergoes nuclear translocation in its target 
cells but RNase-A does not. Table 1 lists the 
differences and similarities between ANG and 
RNase-A.  
 
Role of ANG in rRNA transcription 
 
ANG has been shown to undergo nuclear trans-
location in endothelial cells [18-20], in cancer 
cells [21, 22], and in motor neurons [23-25]. 
Nuclear translocation of exogenous ANG is very 
fast and occurs through receptor-mediated en-
docytosis [18], is independent of microtubules 
and lysosomes [20]. ANG seems to enter the 
nuclear pore by the classic nuclear pore input 
route [18]. Upon arriving at the nucleus, ANG 
accumulates in the nucleolus [18] where ribo-
some biogenesis takes place. Nuclear ANG has 
been shown to bind to the promoter region of 
rDNA [26] and stimulates rRNA transcription 
[27, 28]. Thus, ANG acts as a transcription fac-
tor to promote rRNA transcription directly. An 
ANG binding element (ABE) has been identified 
from the non transcribed region of rDNA and 
shown to have ANG-dependent promoter activity 
in a luciferase reporter assay [26]. 
 
Cell growth requires the production of new ri-
bosomes, a process involving rRNA transcrip-
tion, processing of the pre-rRNA precursor and 
assembly of the mature rRNA with ribosomal 
proteins [29-31]. The rate-limiting step in ribo-
some biogenesis is rRNA transcription, which 
would be an important aspect of growth control. 
Ribosomes are also important for maintaining a 
normal cell function as proteins are required for 
essentially all cellular activities. ANG-stimulated 
rRNA transcription has been shown to be per-
missive for other angiogenic factors to induce 

angiogenesis [21]. For cancer cells and motor 
neurons, ANG-mediated rRNA synthesis is criti-
cal for sustained proliferation of cancer cells 
[21, 27, 32, 33] and for maintenance of normal 
physiological function of motor neurons [25, 
34]. 
 
Up-regulation of ANG in cancer 
 
ANG plays an important role in tumor angio-
genesis [35, 36]. Its expression is up-regulated 
in many types of cancers [37], particularly in 
prostate cancer [22, 36, 38-40]. Olson et al 
used IHC to detect ANG protein level in the pros-
tate and found that ANG expression is dramati-
cally enhanced in the cancer tissues from all 10 
patients as compared to the 7 normal subjects 
[40].  Majumder et al used ELISA to analyze the 
ANG level in the blood and reported that normal 
subjects (n=37), androgen-dependent (n=39) 
and androgen-independent (n=40) prostate 
cancer patients have an ANG level of 328 ± 20, 
392 ± 17, and 436 ± 24 ng/ml, respectively 
[39]. There is a statistically significant differ-
ence in ANG levels between the controls and 
androgen-dependent prostate cancer patients 
(p<0.01) and between controls and androgen-
independent prostate cancer patients 
(p<0.001). Following these two studies, Katona 
et al analyzed ANG expression level in a large 
cohort (n=107) of radical prostatectomy sam-
ples by IHC (with a polyclonal antibody) and re-
ported that ANG expression is progressively 
upregulated as prostatic epithelial cells evolve 
from a benign to an invasive phenotype in the 
same patients [38]. We have used an anti-
human ANG monoclonal antibody (mAb, 26-2F) 
to stain ANG in human prostate tissues from 23 
prostate cancer, 20 benign prostate hyperplasia 
(BPH), and 10 normal patients, and found that 
strong to very strong nuclear staining of ANG is 
obvious in all 23 prostate cancer [22]. No ANG 
was detected in the cytoplasm and nucleus of 
the glandular epithelial cells in all 10 normal 
prostate tissue specimens. The staining on BPH 

Table 1. Properties of ANG and RNase A 

 

Protein MW 
(kDa) 

PI Enzyme 
Activity 

Receptor 
Binding 

Nuclear  
translocation 

rRNA  
transcription 

Angiogenic 
activity 

Neuro  
protection 

ANG 14.4 10.1 1 Yes Yes Yes Yes Yes 

RNase A 13.7 9.6 ~10,000 No No No No No 
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samples was somewhere in between. It should 
be pointed out that the mAb 26-2F we used in 
this study is specific to human ANG and does 
not recognize any other human proteins [41].  
 
Mouse Ang1 is significantly up-regulated in AKT-
induced prostate intraepithelial neoplasia (PIN) 
in the murine prostate-restricted AKT kinase 
transgenic (MPAKT) mice [39]. Figure 1 shows 
the representative staining of ANG in the pros-
tates of normal human subjects and prostate 
cancer patients, and in the WT and MPAKT 
mice. In MAPKT mice, expression of AKT in the 
ventral prostate results in activation of the 
p70S6K pathway and induction of PIN [42]. Acti-
vated AKT promotes both cell growth and cell 
survival and its activity is frequently elevated in 
prostate cancers [43]. A critical downstream 
target of AKT is mTOR that mediates PI3K- and 
AKT-dependent oncogenesis, especially in the 
pathogenesis of prostate cancer [39, 44]. mTOR 
activates S6K [45] that phosphorylate small 
ribosomal protein S6 and results in enhanced 
translation of a specific class of mRNA termed 
with a TOP (a terminal oligopyrimidine track in 
the 5’ untranslated region) structure [46]. This 

class of mRNAs includes ribosomal proteins, 
elongation factors, and several other proteins 
involved in ribosome biogenesis or in translation 
control [47]. Thus, AKT activation will enhance 
ribosomal protein production. However, a miss-
ing link from AKT overexpression to enhanced 
ribosome biogenesis is how transcription of 
rRNA, which needs to be incorporated in an 
equal molar ratio, is proportionally elevated. We 
have recently shown that ANG-mediated rRNA 
transcription is this missing link that fulfills the 
growth requirement imposed by AKT activation 
[32, 33].  
 
ANG mediates both tumor angiogenesis and 
cancer cell proliferation 
 
As an angiogenic protein, ANG has been shown 
to mediate rRNA transcription in endothelial 
cells [19, 26]. ANG-stimulated rRNA transcrip-
tion is necessary for angiogenesis induced by 
other angiogenic factors including VEGF, bFGF, 
aFGF, and EGF [21]. Thus, ANG has been pro-
posed as a permissive factor for angiogenesis 
and that ANG-induced rRNA transcription is a 
general requirement for angiogenesis [21]. ANG 

Figure 1. IHC detection of human and mouse ANG in normal and cancer tissues.  Human ANG was detected by 26-2F, 
a human ANG-specific monoclonal antibody. Mouse ANG was detected by an affinity-purified polyclonal antibody. 



Angiogenin-mediated rRNA transcription 

 
 
29                                                                                                          Int J Biochem Mol Biol 2010:1(1):26-35 

inhibitors have been shown to inhibit angio-
genesis induced not only by ANG but also by 
other angiogenic factors [21]. Because these 
angiogenic factors have been shown to play a 
role in tumor angiogenesis [48-50], an essential 
role of ANG in tumor angiogenesis can be envi-
sioned and has been demonstrated.  
 
ANG also plays a direct role in cancer cell prolif-
eration by constitutive nuclear translocation in 
cancer cells where it also stimulates rRNA tran-
scription [27]. Knocking-down ANG expression 
in PC-3 cells decreases rRNA transcription, ribo-
some biogenesis, cell proliferation and tumori-
genecity both in vitro and in vivo [22]. Thus, 
ANG has a dual role in cancer progression. It 
stimulates cancer cell proliferation as well as 
mediates tumor angiogenesis. Consistently, 
ANG inhibitors including nuclear translocation 
blockers, enzymatic inhibitors, and lentivirus-
mediated siRNA all inhibit prostate cancer pro-
gression in both xenograft and transgenic ani-
mal models [32, 33].  
 
Targeting nuclear translocation of ANG in      
cancer drug development 
 
ANG needs to be physically in contact with rDNA 
in order to stimulate rRNA transcription. Since 
ANG is a secreted protein and is normally ex-
tracellular, nuclear translocation is the key for 
ANG to exert its biological activity. Aminoglyco-
side antibiotics neomycin and neamine have 
been shown to block nuclear translocation of 
ANG thereby abolishing the biological activity of 
ANG and inhibiting cancer cell proliferation as 
well as tumor angiogenesis [22, 32, 33, 51, 
52]. To inhibit ANG activity, agents that block 
nuclear translocation of ANG are better choice 
than those that neutralize ANG protein directly 
for several reasons. ANG is normally circulating 
in the plasma at a concentration of ~250 ng/ml 
[53, 54]. Most of the circulating ANG in normal 
plasma is produced by the liver [2] rather than 
by the tumor tissues. The high basal level of 
ANG in the blood is an obstacle for directly tar-
geting ANG as the amount of inhibitors needed 
may be unreachable. Targeting nuclear translo-
cation will circumvent this caveat because it is 
not necessary to neutralize all the circulating 
ANG. More importantly, nuclear translocation 
occurs only in a cancer cells and in proliferating 
endothelial cells. Normal cells, including pros-
tate epithelial cells, fibroblasts, and quiescent 
endothelial cells do not require ANG to survive 

or grow. Therefore, blocking nuclear transloca-
tion of ANG will selectively inhibit the growth 
and proliferation of cancer cells and proliferat-
ing endothelial cells but spare normal cells. The 
side-effects and toxicities of the agents that 
block nuclear translocation of ANG would be 
low. Neomycin was identified as an anti-
prostate cancer agent from our effort to screen 
for compounds that block nuclear translocation 
of ANG [52]. It has been shown to inhibit pros-
tate cancer growth both in a xenograft animal 
model [22] and in AKT transgenic animals [32]. 
Although neomycin is an FDA-approved antibi-
otic, it is nephro- and oto-toxic [55] that pre-
clude its prolonged use as an anti-cancer agent 
to be delivered systemically. An extended effort 
has been put in searching for less toxic ana-
logues and derivatives of neomycin. These ef-
forts have resulted in the discovery of neamine 
[56], a much less toxic compound that is a deg-
radation product of neomycin, also effectively 
blocks nuclear translocation of ANG [51]. Sys-
temic treatment of neamine prevent and re-
verse AKT-induced PIN as well as inhibit xeno-
graft growth of human prostate cancer cells in 
athymic mice [33]. The nephro- and oto-toxicity 
of neamine is ~5 and 6%, respectively, of that of 
neomycin [57, 58]. The acute LD50 
(subcutaneous) in mice for neamine, neomycin, 
and streptomycin is 1,250, 220, and 600 mg/
kg, respectively [55]. Neamine appears to be 
less toxic than streptomycin, an antibiotic that is 
currently in clinical use. 
 
ANG mutations in ALS patients 
 
Since 2006, a total of 17 missense mutations 
(at 15 positions) in the coding region of ANG 
have been identified in 39 of the 4,774 ALS 
patients of the Irish, Scottish, Swedish [59], 
North American [25], Italian [60], French [61], 
Netherland [62], and German [63] populations. 
Thus, ANG seems to be the fourth member of 
the most frequently mutated gene found in ALS 
(after SOD1, FUS/TLS, TARDBP). Among ALS-
associated ANG mutations, 3 occurred in the 
signal peptide regions and 12 in the mature 
protein. Figure 2 shows the amino acid se-
quences of primate and mammalian ANG with 
the ALS-related mutated amino acid bracketed 
in red. In the 10 sequencing efforts carried out 
so far, a total of 3,941 healthy controls were 
included and 2 mutations in the ANG gene were 
found in non-ALS controls [59, 60]. The first is a 
K17I mutation that was found in an apparent 



Angiogenin-mediated rRNA transcription 

 
 
30                                                                                                          Int J Biochem Mol Biol 2010:1(1):26-35 

healthy 65-year-old male of European descent 
[59], and in 10 young (<50 years of age) asymp-
tomatic members of a familiar ALS family [62]. 
The second is the I46V mutation that was found 
in 11 of the 1,568 healthy controls in Italian 
population [60, 64-66]. 
 
Several mutant ANG proteins had been pre-
pared and their ribonucleolytic activity [25, 67], 
nuclear translocation capacity [25], and angio-
genic activity [25, 67] have been characterized. 
All of them have impaired angiogenic activity in 
both Matrigel tubule formation assay [25] and 
in rat aortic ring assay [67]. Among the 9 ALS 
variants that have been tested for the ribonu-
cleolytic activity, only R31K has a comparable 
activity (69%) to that of the WT ANG [67]. All of 
the other mutant proteins have severely im-
paired ribonucleolytic activity ranging from <1% 
(K40I) to 19% (K17E) of the WT ANG. Among 
the 3 mutant ANG proteins (K17I, S28N, 
P112L) that have been tested in the nuclear 
translocation assay, S28N and P112L do not 
undergo nuclear translocation and K17I has a 
reduced capacity [25]. These results indicate 
that ANG mutations identified in ALS patients 
are associated with a functional loss of the an-
giogenic activity of the ANG protein due to a 
deficient in ribonucleolysis, nuclear transloca-
tion, or both. ANG appears as the first “loss-of-
function” gene so far identified in ALS patients. 
 
ANG is also the second angiogenic factor asso-
ciated with ALS pathogenesis. The first is VEGF. 
The link between VEGF and ALS was uncovered 

when transgenic mice with a deletion in the hy-
poxia responsive element of VEGF gene, which 
results in low VEGF levels, develop an adult-
onset, progressive neurodegenerative disorders 
similar to ALS [68]. Studies in ALS animal mod-
els have indicated that VEGF exerts neuropro-
tective activities on motor neurons not only as 
an angiogenic factor by increasing neurovascu-
lar perfusion, but also via direct effects on the 
neuron themselves [69]. Since ANG-mediated 
rRNA transcription is essential for VEGF to 
stimulate angiogenesis, it is possible that a defi-
ciency in ANG function may also impair the 
physiological role of VEGF toward motor neu-
rons. 
 
Expression of ANG in the CNS 
 
Mouse Ang1 has been reported to be strongly 
expressed in the developing mouse nervous 
system both in the brain and in the spinal cord 
[24]. IHC and IF staining show that Ang1 expres-
sion is the strongest in the forebrain, midbrain, 
hindbrain and spinal cord at 9.5 day pc [24]. At 
11.5 day pc, Ang1 expression remains high in 
the telencephalon, mesencephalon and mylen-
cephalon as well as in the spinal cord, spinal 
ganglia and choroids plexus [24]. Until mid-
gestation, Ang1 expression is stronger in the 
nervous system than in any other tissues. Co-
staining with Peripherin and Islet1 demon-
strated that Ang1 is expressed in mouse motor 
neurons. 
 
IHC with an anti-ANG mAb indicate that human 

Figure 2. Amino acid sequences of primate and mammalian ANG. By convention, the first amino acid in the mature 
protein is designated as 1. The signal peptide is underlined. Mutations identified so far are bracketed in red. 
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ANG is expressed in normal spinal cords ob-
tained from fetal (ranging from 15 to 30 weeks 
gestation) and adult human subjects. Strong 
ANG staining was observed in the motor neu-
rons of the ventral horn of both fetal and adult 
human spinal cord [25]. ANG was also detected 
in the extracellular matrix and interstitial tissues 
in all cases, consistent with it being a secreted 
and angiogenic protein. ANG expression in the 
spinal cord appears to be down-regulated as 
development proceeds but is still strongly ex-
pressed in the adulthood. Strong cytoplasmic 
and nuclear accumulation of ANG in motor neu-
rons of both prenatal and adult spinal cords 
suggest a physiological role of ANG, both early 
in development and later in adulthood. 
 
Double IF with an anti-ANG mAb 26-2F and anti-
von Willebrand factor (vWF) polyclonal antibody 
(pAb) showed that ANG is localized in both vas-
culatures and motor neurons of spinal cord tis-
sues [25], suggesting that ANG abnormalities 
may have a direct (through motor neurons) and 
indirect (through angiogenesis) role in ALS 
pathogenesis. The dual role of ANG in ALS in-
volves decreased activity in endothelial cells 
and motor neurons, whereas the dual role of 
ANG in cancer involves increased activity in en-
dothelial cells and cancer cells.  
 
ANG enhances motor neuron survival in vitro 
and in SOD1G93A mice 
 
A recent publication demonstrated that ANG 
promotes motor neuron survival and is benefi-
cial to SOD1G93A mice that develop ALS like 
symptoms [23]. In motor neuron cultures 
(NSC34 cells or primary mouse spinal cord mo-
tor neurons), exogenously added ANG protein or 
ANG overexpression protect motor neuron apop-
tosis induced by trophic factor deprivation 
(serum free), excitotoxicity (AMPA treatment) or 
ER stress (tunicamycin treatment). More impor-
tantly, ip delivery of ANG protein (1 µg per 
mouse per day) after disease onset enhances 
muscle strength of SOD1G93A mice and prolongs 
their survival by 12 days. The protective role of 
ANG, both in vitro and in vivo, is related to its 
activation of Akt and Erk survival signaling path-
ways. 
 
Role of ANG in stress response 
 
In mammalian cells, stress-induced phosphory-
lation of eIF2α inhibits global protein synthesis 

to conserve anabolic energy for the repair of 
stress-induced damage [70]. However, stress-
induced translational silencing is also observed 
in cells expressing a nonphosphorylatable eIF2α 
mutant (S51A) [71], indicating the existence of 
a phosphor-eIF2α independent pathway of 
translational control. Stress-induced cleavage of 
tRNA is a phenomenon first described as a star-
vation response in Tetrahymena thermophila 
[72], and later observed in bacteria [73], fungi 
[74], and mammalian cells [75]. ANG has been 
shown to be responsible for stress-induced 
cleavage of tRNA [76]. This class of small RNA 
has been designated as tiRNA (tRNA-derived, 
stress-induced small RNA) and shown to inhibit 
protein translation in an eIF2α independent 
manner [76]. It is therefore possible that both 
the neuroprotective and the cancer-promoting 
activity of ANG are related to its ability in medi-
ating the production of tiRNA. In case of ALS, 
accumulation of misfolded protein aggregates, 
a hallmark of ALS and several other neurode-
generative diseases, are known to increase the 
stress of endoplasmic reticulum (ER) and lead 
to apoptosis. In case of cancer, hypoxic stress is 
also known to lead to cell death. It would be an 
intriguing hypothesis that ANG-mediated pro-
duction of tiRNAs in response to stress results 
in reprogramming of protein translation thereby 
promoting damage repairs and cell survival.  
 
Stress-induced phosphorylation of eIF2α inhib-
its translation and promotes the assembly of 
stress granules (SGs), cytoplasmic foci at which 
untranslated mRNPs are transiently concen-
trated [77]. SGs contain stalled 48S pre-
initiation complexes that remain after elongat-
ing ribosomes have run off their transcripts 
[78]. The ability of tiRNAs to inhibit translation 
in a phosphor-eIF2α independent manner [76] 
suggests that they may also inhibit 48S scan-
ning and that ANG may promote SG assembly. 
Indeed, ANG has been found to promote the 
formation of SG when cells are subjected to 
stresses [79].  Neither WT ANG nor the inactive 
P112L variant (identified from an ALS patient in 
the North American cohort) [25] induces SG 
assembly in the absence of stress. In contrast, 
WT ANG, but not P112L, significantly promotes 
the assembly of arsenite- and pateamine-
induced SGs. Arsenite and pateamine induce 
SG assembly in an eIF-2α-dependent and -
independent manner, respectively [80]. These 
results therefore indicate that ANG potentiates 
both phosphor-eIF2α-dependent and independ-
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ent inducers of SGs. 5’tiRNA, but not 3’tiRNA 
also promotes SA-induced SG assembly [79] 
 
WT ANG, but not P12L variant, significantly in-
hibits protein synthesis [76]. The combination of 
ANG and SA inhibits protein synthesis more 
than either treatment alone. The finding that 
ANG inhibits protein synthesis [76] but does not 
induce SG assembly [79] suggests that a sec-
ond signal is required for untranslated mRNAs 
to aggregate at SGs. Nevertheless, these results 
strongly implicate ANG as an effector of stress-
induced translational repression. Ribonuclease/
ANG inhibitor 1 (RNH1) inhibits angiogenic activ-
ity of ANG and ANG-mediated production of 
tiRNA [76]. It also plays a role in regulating ANG-
induced promotion of arsenite-induced SG as-
sembly. RNH1 over-expression has been shown 
to prevent ANG-mediated enhancement of ar-
senite-induced SG assembly [79]. 

Summary 
 
Based on these findings, we have proposed 
three distinct modes of action of ANG in mediat-
ing cell proliferation and survival (Figure 3). ANG 
has three types of target cells (endothelial cells, 
cancer cells, and motor neurons). These cells 
respond to ANG stimulation but exhibit some 
subtle difference probably due to the receptor 
expression profile. Endothelial cells are the first 
type of responsive cells that have been used 
extensively for studying ANG biology. The activity 
of ANG in endothelial cells is strictly dependent 
on the cell density [81]. ANG receptor is ex-
pressed only in sparsely cultured endothelial 
cells. More recently, ANG was shown to undergo 
nuclear translocation in cancer cells in a cell 
density-independent manner. Constitutive nu-
clear translocation of ANG in cancer cells is a 
driving force for cancer progression. Thus, ANG 

Figure 3. Current understanding of the mechanism of ANG.   
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has been demonstrated to play a dual role in 
cancer progression: it mediates tumor angio-
genesis as well as directly stimulates cancer cell 
proliferation. Recently, motor neurons have 
been shown to be the third type of ANG respon-
sive cells. ANG is strongly expressed in the spi-
nal cord both during development and in the 
adulthood [25]. Loss-of-function mutations in 
the coding region of ANG have been found in 
ALS patients and ANG has been shown to en-
hance motor neuron survival. 
 
The signal transduction pathway triggered by 
ANG-Receptor interaction is currently unknown 
as the identity of a functional ANG receptor has 
not been fully determined. However, ANG has 
been shown to activate Akt [23, 82]. Akt activa-
tion is known to upregulate Ang so there is a 
positive feedback loop between ANG and AKT. 
This crosstalk between ANG and AKT may thus 
coordinate an orchestrated synthesis of ri-
bosomes. Ribosome biogenesis requires both 
ribosome proteins and rRNAs. The production of 
ribosomal proteins is mediated by the AKT-
mTOR pathway, and the production of rRNAs is 
likely mediated by ANG. VEGF and other angio-
genic proteins stimulate nuclear translocation 
of ANG. ANG inhibitors inhibit angiogenesis in-
duced by these angiogenic factors. Thus ANG is 
a permissive factor for other angiogenic factors. 
ANG has also been shown to mediate the pro-
duction of tiRNA, promote SG assembly, and 
reprogram protein translation of the cells under 
stress conditions thereby promoting their sur-
vival. 
 
Please address correspondence to:  Guo-Fu Hu, PhD, 
Department of Pathology, Harvard Medical School, 
77 Avenue Louis Pasteur, MA 02115, USA. E-mail: 
guofu_hu@hms.harvard.edu 
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