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Abstract: Pregnancy-associated plasma protein A (PAPPA) is a protease that plays important roles in pregnancy, 
but interestingly acts as an oncogene outside of pregnancy. This review summarizes the oncogenic roles of PAPPA, 
including its expression levels in multiple malignancies, regulatory and signaling interactions, and pro-tumor func-
tions, which include promoting tumor cell proliferation, invasion, migration and metastasis. These PAPPA activities 
are linked to IGFBP-4 proteolysis, increased IFG bioavailability, and activation of the NF-κB, PI3K/AKT and ERK sig-
naling pathways. Therefore, PAPPA could be used as a biomarker for monitoring cancer development and progres-
sion as well as a potential therapeutic target.
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Introduction

Pregnancy-associated plasma protein A (PA- 
PPA) was originally found in the plasma of preg-
nant women [1]. During pregnancy, PAPPA is 
produced by placental syncytiotrophoblasts 
and secreted into the serum, and its levels are 
maintained throughout pregnancy. Aberrant 
PAPPA levels in circulation are associated with 
fetal diseases; for instance, low PAPPA levels 
are associated with fetal Down’s syndrome (tri-
somy 21), premature birth, low birth weight, 
and first trimester pre-eclampsia. Conversely, 
PAPPA levels are increased in diabetic nephrop-
athy patients [1]. 

Recent studies have clarified the biological 
functions of PAPPA, which is located on chro-
mosome 9q33.1 and encodes a 1627 amino 
acid protein of 180 kDa [2]. PAPPA contains 
structural motifs of the metzincin superfamily, 
which coordinate the catalytically-essential 
zinc ion and Met-turn, a methionine-containing 
1,4-β-turn [3]. Further structural analysis has 
revealed that PAPPA is the founding member of 
a new metzincin subfamily, termed the pappaly-
sins. Thus, PAPPA is a metalloproteinase that 
cleaves insulin-like growth factor binding pro-

teins (IGFBPs) [4]. The cleavage of IGFBPs leads 
to the separation of insulin-like growth factors 
(IGF) from the IGF-IGFBP complex, allowing free 
IGF to bind IGF receptors and activate the IGF 
pathway.

Accumulating evidence has demonstrated the 
proteolytic activity of PAPPA against IGFBP-4 in 
various tissues and cell types, such as ovarian, 
smooth muscle, lung and osteoblast cells; for 
this reason PAPPA is also termed insulin-like 
growth factor-dependent IGFBP4 protease 
(IGFBP4 protease) [5]. While PAPPA is ubiqui-
tously expressed in all normal tissues, its levels 
are very low except in kidney and bone cells  
[6]. Studies using PAPPA knockout/transgenic 
mouse models and in vitro cell culture sys- 
tems have demonstrated that PAPPA is an 
important regulator of local IGF bioavailability 
[7]. Additionally, PAPPA plays important roles in 
bone formation, and inflammatory and injury 
responses (e.g. wound healing) [8]. Interesting- 
ly, recent studies have demonstrated that PA- 
PPA is overexpressed in various tumor types 
compared with adjacent non-tumor tissues, 
and that PAPPA overexpression promotes tu- 
mor growth and invasion, suggesting PAPPA 
has oncogenic activity. 
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Increased PAPPA expression in malignancies

It has been reported that PAPPA is overex-
pressed in ovarian cancer, along with IGF, 
IGFBP4 and IGFBP3 [9]. Interestingly, PAPPA 
and IGF signaling constituents are also present 
in ascites fluid, and the expression levels of 
these proteins are associated with the volume 
of ascites fluid; thus, PAPPA could be an inde-
pendent prognostic factor for ovarian cancer 
progression and clinical responses to chemo-
therapy [10-12]. PAPPA is also strongly ex- 
pressed in granulosa cell tumors of the ovary, 
compared with normal ovarian tissues; howev-
er, in this tumor type, IGF-I and IGF-II expres-
sion did not correspond with PAPPA, but were 
lower, as was IFGBP4, indicating that PAPPA 
has tumor-promoting functions independent 
from IGFBP4 proteolysis in ovarian granulosa 
cell tumors [9].

Clinical studies of lung cancer have shown that 
serum PAPPA levels are significantly higher in 
lung cancer patients compared with healthy 
subjects [13]. Another study further showed 
that in advanced lung cancer patients, PAPPA 
levels were increased 47-fold in the pleural  
fluid compared with plasma PAPPA levels. 
Additionally, interleukin 6 (IL-6) was increased 
more than one hundred folds in the pleural 
fluid; thus, there was a positive correlation 
between PAPPA and IL-6 [14].

PAPPA has also been well studied in breast  
cancer, where it was shown to be overex-
pressed, particularly in luminal B breast can-
cer, which has a higher proliferation index  
than luminal A breast cancer [15], suggesting 
the tumor-promoting role of PAPPA in breast 
cancer. However, a recent study reported that 
PAPPA is epigenetically silenced in human 
breast cancers. They found that PAPPA silenc-
ing was highly prevalent in precursor lesions 
and invasive breast cancer. Experimental st- 
udies manipulating PAPPA expression have 
shown that increased PAPPA expression sup-
presses mitosis, but that downregulating PA- 
PPA made breast cancer cells more aggressive 
[16]. Previous studies have also shown that 
PAPPA is overexpressed in breast cancer, and 
that PAPPA expression is significantly correlat-
ed with early recurrence. Interestingly, PAPPA 
positivity is independent of estrogen receptor 
status and is a clinically significant indepen-
dent predictor of early recurrence for stage I 

and II breast cancer [17-19]. These findings 
suggest a tumor-promoting role for PAPPA in 
breast cancer.

Ewing sarcoma is one of most malignant bone 
tumors and is associated with early metasta-
sis. It has been reported that IGF-PAPPA signal-
ing stimulates normal bone growth, and that it 
is also involved in Ewing sarcoma development, 
in which PAPPA is frequently overexpressed, 
and is required for tumor cell proliferation. 
Therefore, PAPPA is a good target for TCR-
based immunotherapy for Ewing sarcoma [20]. 

In men, PAPPA is also expressed in Leydig, epi-
didymis, rete testis, and seminal vesicle cells. 
Circulating PAPPA levels are associated testi- 
cular and prostate cancer. PAPPA levels can 
decrease to normal after orchidectomy or pros-
tatectomy [21].

Deeply mining online gene profiling data (www.
oncomine.org), we found that PAPPA expres-
sion levels were also significantly increased in 
other malignancies. For example, PAPPA was 
significantly increased in hepatocellular carci-
noma (HCC) compared with normal liver cells 
[22] (Figure 1A), was increased in focal no- 
dular hyperplasia in livers [22] (Figure 1B). 
Moreover, PAPPA mRNA levels were significant-
ly increased in prostate cancer [23] (Figure 1C), 
pancreatic cancer [24] (Figure 1D), thyroid car-
cinoma (Figure 1E), leukemia [25] (Figure 1F), 
lymphoma [26] (Figure 1G) and skin basal cell 
carcinoma [27] (Figure 1H), compared to their 
matched non-tumor tissues. The clinical signi- 
ficance of PAPPA expression levels in these 
malignancies are still under investigation. 

Oncogenic roles of PAPPA

As addressed above, PAPPA overexpression is 
observed in many malignancies, where it is 
associated with poor outcomes, demonstrating 
its clinical significance in tumors. Moreover, 
accumulating evidence has also shown the 
oncogenic functions of PAPPA, including pro-
moting cancer cell proliferation, migration, 
invasion and metastasis; thus, PAPPA may be  
a target for chemotherapy.

The tumor-promoting functions of PAPPA were 
first observed in the ovarian cancer cell line 
SKOV3 [28], which has a very low tumorigenic 
potential. However, increased PAPPA expres-
sion in this cell line via PAPPA transfection 
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increased cell proliferation, anchorage-inde-
pendent growth on soft agar gel, and cell inva-
sion through Matrigel, compared with vector 
control-transfected cells. Importantly, cells 
transfected with a mutant PAPPA plasmid also 
showed tumor-promoting functions, but the 
degree of colony formation in soft agar gel and 
invasion through Matrigel was not as high as 
the cells transfected with wild-type PAPPA, 
were more similar to vector controls. The tu- 
morigenic capability of PAPPA was also investi-
gated in vivo [28]. These experiments showed 
that PAPPA overexpression in SKOV3 cells  
dramatically increased the tumor formation 
rate in nude mice compared with cells transfec-
tion with mutant PAPPA or vector control, 
despite xenograft tumor cells showing similar 
PAPPA mRNA and protein levels in the wild-type 
and mutant PAPPA groups. Given that angio-
genesis has critical functions in tumorigenesis 
and progression, the effects of PAPPA on angio-
genesis were also investigated. These results 

showed that increased PAPPA expression was 
associated with mature tumor vasculature for-
mation in xenografts and increased vessel area 
per micrograph in early-stage tumor formation 
[28].

In contrast, decreased PAPPA expression was 
shown to inhibit ovarian cancer cell growth, 
invasion and metastasis [29]. First, both PAPPA 
mRNA and protein levels were significantly 
upregulated in intraperitoneal disseminated 
metastatic tumors after the intraperitoneal 
inoculation of human ovarian HRA cancer cells 
into nude mice. However, PAPPA anti-sense-
expressing HRA cells showed reduced PAPPA 
expression levels and markedly inhibited re- 
duced tumor growth in mice. Moreover, admin-
istering neutralizing PAPPA antibody could also 
repress PAPPA expression and tumor growth in 
vivo in terms of suppressing HRA cell prolifera-
tion, invasion and metastasis in nude mice. 
Furthermore, ovarian cancer cells transfected 

Figure 1. The expression levels of 
PAPPA in HCC (A), focal nodular liver 
hyperplasia (B), prostate cancer (C), 
pancreatic cancers (D), thyroid can-
cer (E), leukemia (F), lymphoma (G) 
and skin basal cell carcinoma (H).
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with PAPPA antisense or treated with PAPPA 
antibody showed downregulation of IGF-I and 
AKT/ERK1/2, which are stimulated by IGF-I, as 
well as a downregulation of uPA and an upregu-
lation of IGFBP-4, a direct PAPPA target.

The tumor-promoting activity of PAPPA is also 
observed in non-small cell lung cancer, but 
PAPPA secretion is required for this activity 
[30]. In vitro studies have shown that PAPPA is 
secreted by human lung cancer cells but not 
immortalized normal bronchial epithelial cells. 
To determine the biological functions of PAPPA 
in lung cancer cells, PAPPA was knocked down 
by shRNA in A549 cells. Interestingly, decreas-
ing PAPPA expression did not affect the prolif-
eration of A549 cells in vitro, but did significant-
ly inhibit xenograft growth, in terms of lower 
tumor weights compared with the vector con-
trol group. Interestingly, PAPPA-overexpressing 
H1299 lung cancer cells caused elevated 
serum PAPPA levels, which promoted xenograft 
growth in nude mice, compared with the vector 
control cells. However, PAPPA-overexpressing 
H1792 lung cancer cells that did not elevate 
serum PAPPA levels did not show differences in 
xenograft growth compared with vector control 
cells [30]. These findings strongly suggested 
the essential role of secreted PAPPA for lung 
cancer growth and progression. Further mech-
anistic studies indicated that PAPPA-mediated 
tumor promotion was mainly through IGF path-
way activation, which increased AKT phosph- 
orylation.

Clinical studies have shown the increased  
incidence of melanoma in pregnant women. 
Moreover, a recent study demonstrated elevat-
ed IGF-PAPPA signaling in melanoma tissues 
and metastatic tumors, suggesting the in- 
creased PAPPA levels during pregnancy play 
critical roles in melanoma formation and 
metastasis, a hypothesis that has also been 
supported by in vitro studies [31]. First, silenc-
ing PAPPA by siRNA or anti-PAPPA antibody in 
melanoma cells significantly inhibited tumor 
cell invasion and migration in vitro and de- 
creased the invasion and migration of melano-
ma cells in an embryonic chicken model. In  
contrast, increased PAPPA expression in me- 
lanoma cells enhanced cell migration com-
pared with cells with lower PAPPA expression. 
Interestingly, the migratory capability of mela-
noma cells was also enhanced after adding 
PAPPA-rich human pregnant serum in vitro, and 

this enhancement could be neutralized by an 
anti-PAPPA antibody [31]. Moreover, another 
recent study showed lactation attenuated 
PAPPA-driven pregnancy-associated breast 
cancer in a PAPPA-transgenic mouse model of 
breast cancer [32]. This study showed that 
PAPPA was a pregnancy-dependent oncogene, 
and that PAPPA overexpression in the transgen-
ic murine mammary led to collagen deposition, 
which also promoted PAPPA-mediated IGFBP-4 
and IGFBP-5 proteolysis, causing proliferative 
signaling during pregnancy. However, lactation 
prolonged the time for PAPPA-transgenic mice 
to not develop mammary tumors, which was 
through dysregulation of tumor-associated col-
lagen signature (TACS-3) and PAPPA inhibitors 
STC1 and STC2 [32]. Therefore, extended lacta-
tion time is protective against PAPPA-mediated 
mammary carcinogenesis.

Malignant pleural mesothelioma (MPM) is an 
extremely deadly disease, the underlying me- 
chanisms of development and progression of 
which are unclear. However, recent studies 
have identified that PAPPA is involved in this 
malignancy [33]. Although PAPPA is differen-
tially expressed in multiple MPM cell lines, its 
expression is correlated with the migratory abil-
ity of MPM cells; cell lines with higher PAPPA 
expression showed more aggressive features. 
Additionally, secreted PAPPA protein levels from 
MPM cells are positively correlated with their 
migration ability. Similar as seen in other malig-
nancies where higher PAPPA expression was 
accompanied with elevated IGF-I and IGF-IR 
and reduced of IGFBP-4. Its migration-promo-
tion activity was also through IGF signaling.  
For instance, IGF-I recombinant protein could 
stimulate melanoma cell migration, but this sti- 
mulating effect could be blocked by IGFBP-4, 
while the addition of PAPPA could rescue IGF-I-
stimulated migration of MPM cells. Conversely, 
silencing PAPPA significantly suppressed MPM 
cell proliferation and migration in vitro and sup-
pressed the metastasis of orthotopic xeno-
grafts in nude mice [33]. These findings sug-
gest the oncogenic roles of PAPPA in MPM, 
such as promoting proliferation, invasion and 
migration. Thus, PAPPA could be used as a ther-
apeutic target to prevent MPM progression. 

Inter-cellular communication between epitheli-
al cells and stromal cells is vital for cancer cell 
growth and motility. A recent study using com-
putation-based systemic analysis showed that 
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PAPPA is a tumor-promoting stromal factor that 
maintains hepatocellular cancer cells in vitro 
via activating NF-κB signaling, promoting hepa-
tocellular carcinoma progression [34]. 

The oncogenic functions of PAPPA were further 
supported by the PAPPA-deficient mouse model 
[35]. In general, there were fewer pathologies 
in PAPPA knockout mice compared with wild-
type mice at different ages. Wild-type mice 
exhibited more age-related degenerative lesi- 
ons and tumors, and an earlier onset of these 
lesions compared with PAPPA knockout mice. 
Particularly, wild-type mice showed more hyper-
plasia in the thyroid, pancreatic islets, adrenals 
and uterus, and had pituitary adenomas and 
lymphomas at earlier ages than in the PAPPA 
knockout mice. Additionally, PAPPA knockout 
mice had extended healthy lifespans, with 
reduced incidence and delayed occurrence of 
spontaneous tumor formation [35].

As PAPPA promotes carcinogenesis and malig-
nant progression, it has been used as a thera-
peutic target for cancers. As addressed above, 
several antibodies and small molecules against 
PAPPA could repress it expression, activity and 
secretion. These treatments reduce IGFBP-4 
proteolysis, and subsequently inhibit activation 
of downstream elements, e.g. decreased IGF-I 
and IGF-IR expression and reduced AKT and 
ERK1/2 phosphorylation [11, 36-38]. 

Interactive regulation of PAPPA

IGF signaling includes IGF-I, IGF-II, their recep-
tors IGF-IR and IGF-IIR, and several IGF binding 
proteins (e.g. IGFBP-4, IFGBP-5), and plays 
important roles in carcinogenesis and chemo-
therapy responses. PAPPA is a metalloprotease 
that is involved in the proteolysis of IGFBP-4 
and IGFBP-5. Upon IGF released from IGF-
IGFBP complexes, IGF binds to IGF-IR, rapidly 
increasing IGF bioavailability, and leading to the 
activation of many signaling pathways. This 
results in increased cell proliferation, motility 
and decreased apoptosis, which promote ca- 
rcinogenesis and malignant transformation. 
Therefore, PAPPA plays crucial roles in IGF sig-
naling [8]. 

The regulation of PAPPA has not been well stud-
ied. To date, a few reports have investigated 
the underlying mechanisms of PAPPA regula-
tion. These studies have demonstrated that 

pro-inflammatory cytokines such as tumor 
necrosis factor α (TNF-α) and IL-1β are the 
greatest stimulators of PAPPA expression in 
dermal fibroblasts, arterial endothelial cells 
and smooth muscle cells in vitro. IL-6 and  
transforming growth factor-beta (TGF-β) can 
also stimulate PAPPA expression [1]. Mech- 
anistic studies have revealed that cytokine-
induced PAPPA expression is through NF-κB 
activation, as there are three potential NF-κB 
binding sites upstream of PAPPA [39].

Recent studies have also revealed that PAPPA 
can be transcriptionally regulated by p53 [8]. 
One study identified a p53-binding site in intron 
1 of PAPPA; therefore, wild-type p53 can bind  
to this site and transcriptionally suppress 
PAPPA, which blocks IFGBP4 proteolysis and 
reduces IGF bioavailability, leading to decre- 
ased IGF signaling and cell cycle arrest and 
apoptosis, which preserves cellular homeosta-
sis. Interestingly, mutant-p53 can also bind to 
this site within intron 1, but this binding acti-
vates PAPPA expression, leading to an enhance-
ment of IFGBP-4 proteolysis and an induction 
of IGF bioavailability. Ultimately this leads to 
increased IGF signaling and increased prolifer-
ation and decreased apoptosis [8, 40, 41].

Previous studies have demonstrated that 
Bikunin is a Kunitz-type protease inhibitor that 
inhibits inflammatory responses by suppress-
ing the induction of pro-inflammatory cytokines 
[42, 43], and represses cancer cell invasion 
and metastasis [44]. High throughput screen-
ing by cDNA microarray indicated that PAPPA 
was downregulated by Bikunin [45]. Genetic 
knockdown of PAPPA significantly inhibited the 
invasive properties of ovarian cancer [45]. 
Therefore, PAPPA could be regulated by Bikunin, 
and Bikunin-mediated inhibition of cancer cell 
invasion is PAPPA-dependent.

MicroRNAs (miRNAs) have been reported to  
be important regulators of gene expression at 
both the translational and transcriptional lev-
els. Recent studies have shown that PAPPA 
could be regulated by miRNAs. For instance, a 
miRNA array and target prediction analysis 
shows that PAPPA is a target of miR-490-3p, 
and that a miR-490-3p mimic could inhibit 
PAPPA upregulation in human coronary artery 
smooth muscle cells (hCASMCs), resulting in 
the reduction of PAPPA protease activity on 
IGFBP-4, which will eventually cause the inhibi-
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tion of hCASMC proliferation [46]. Moreover, 
PAPPA is also a direct target of miR-141 [47], 
showing that miR-141-inhibited vascular smoo- 
th muscle cell proliferation goes via targeting 
PAPPA, while vice versa, PAPPA overexpres- 
sion attenuated miR-141-induced inhibition of 
proliferation. In non-small cell lung cancer cells 
[48], increased miR-214 expression led to 
decreased invasiveness, while inversely, decr- 
easing miR-214 expression increased cancer 
cell invasion. Gene profiling and bioinformatic 
analyses showed that miR-214-mediated inhi-
bition of invasion was through downregulating 
the metastasis-associated genes PAPPA and  
α protein kinase 2 (ALPK2); because both 
PAPPA and ALPK2 are the direct targets of  
miR-214 [48]. 

Conclusions

Beyond pregnancy, PAPPA is overexpressed in 
multiple malignancies and acts as an onco-
gene. PAPPA could be regulated by pro-inflam-
matory cytokines, p53 and bikunin, as well as 
by miRNAs at the transcriptional and transla-
tional levels. PAPPA promotes carcinogenesis 
and malignant progression and exhibits onco-
genic functions (such as promoting cancer cell 
proliferation, invasion, migration and metasta-

sis) in vitro and in vivo. These activities are 
linked to IGFBP-4 proteolysis and to increas- 
ed IFG bioavailability and NF-kB, PI3K/AKT  
and ERK pathways activation (summarized in 
Figure 2). Therefore, PAPPA could be a bio- 
marker for monitoring cancer formation and 
progression and could also be used as a tar- 
get for cancer prevention and therapy.
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