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Introduction
Pancreatic ductal adenocarcinoma (PDAC) represents 90% of all PC cases [1] and almost 

100% of PDAC contains KRAS mutation [2]. However, therapeutic targeting of KRAS remains 
far from reality despite of our best efforts. While we made great strides in the treatment of 
many different solid tumors with immunotherapies, single-agent immunotherapies have failed 
to show significant clinical responses in PC [3-5]. Importantly, hypoxia is also associated with 
many different cancers, including PC [6,7]. This begets the possibility of targeting hypoxia as 
an “Achilles heel” in PC TME and control PC progression.

Discussion
According to NCI, in 2021, there will be an estimated 60431 new cases of PC and an 

estimated 48220 people will die from it, placing PC as the 3rd largest case of cancer related 
deaths in US. Severe hypoxic regions are hallmarks of PC with a median tissue partial oxygen 
pressure (pO2) of 0-5.3mmHg (0-0.7%) compared to the adjacent normal pancreas pO2 at 
24.3-92.7mmHg (3.2-12.3%) [8,9]. The presence of hypoxic areas within PC spur tumor 
progression and exacerbates poor clinical outcome in PC patients. Hypoxia is considered as 
one of the independent prognostic factors for PC [9]. PC induces a hypoxic tumor environment 
that drives the production of HIF1α and stabilizes it [9,10]. Pilli et al. [11] have made the novel 
observation that protein S (PS), a natural human plasma protein that participates in coagulation 
control and has multiple receptor-mediated effects [12] has activity on in vitro models of 
pancreatic cancer (PC) cells. PS is a 75-kDa vitamin K-dependent glycoprotein synthesized 
by hepatocytes, endothelial cells, and megakaryocytes and is involved in many physiological 
processes; hemostasis, apoptosis, and inflammation [13]. The plasma concentration of PS is 
reportedly reduced during the progression of PDAC [14]. Pilli et al. [11] also demonstrated 
that expressing PS in PC cell lines reduces their aggressiveness. The investigators made a 
compelling case to supplement PS to control PC. Pilli et al. [15] have previously shown that 
PS deficiency augments the hypoxic niche by stabilizing HIF1α and elevates thrombotic risk 
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in obese mice. The authors demonstrated downregulation of HIF1α 
by PS overexpression in HepG2 cell line [15]. Importantly, cancer-
associated thrombosis (CAT) is a significant risk factor in PC, but 
little is known about its mechanistic basis [16,17]. Iodice et al. 
[18] inferred from a number of population studies that patients 
with venous thromboembolism (VTE) have a six-fold higher risk 
of developing PC compared to patients without VTE. As reviewed 
by Sohail et al. [19] a decrease in PS level is among the causes of 
hypercoagulability in PC and hypercoagulability is more common 
in PC patients than any other gastrointestinal tumors.

Notably, treatment of PC patients with anticoagulant 
warfarin along with heparin, and, in a separate study, addition 
of low molecular weight heparin (LMWH) in combination with 
chemotherapy compared with chemotherapy alone resulted in 
increased survival benefit in PC patients [19]. In addition to its 
anti-coagulant activity, PS, the natural anticoagulant product 
of the PROS1 gene, has multiple coagulation- unrelated effects 
mediated by TAM (Tyro3, Axl, Mer) receptors [20]. The expression 
levels of the TAM receptors vary across cell and tissue types and 
are generally upregulated in tumors [11,21]. As a result, the 
downstream effects of TAM signaling, such as proliferation and anti- 
inflammatory activity, become dysregulated [22,23]. Shen et al. [24] 
have extensively discussed the notion of targeting TAM receptors 
to inhibit cancer progression. However, despite considerable effort, 
TAM-inhibitory drugs have had minimal success. Recent evidence 
from Peeters et al. [25] indicates that TAM receptor, MERTK sends a 
late co-stimulatory signal required for long-lasting anti-tumor CD8+ 
T cell responses and the establishment of immunological memory. 
The pathological complexity of cancer and the global ramifications 
of TAM-dependent signaling pathways are significant obstacles for 

use of these drugs because they cause severe side effects and are 
associated with drug resistance. Hypoxia is a notable feature of 
the TME and functions as one of the drivers of tumor progression. 
Hypoxia also promotes the maintenance of tumor-initiating cells. 
These cells, also known as cancer stem cells or CSCs, oftentimes 
linked to tumor recurrence in patients [26], metastatic progression, 
and acquired drug resistance [27,28]. One of the mechanisms 
whereby hypoxia promotes CSC survival is through Notch signaling 
[29]. A hypoxia-induced transmembrane glycoprotein, Vasorin has 
been linked to upregulate Notch in CSCs, rescuing Notch from Numb 
mediated degradation in glioblastoma [7]. PC and other cancers are 
characterized by a hypoxic niche [6] that stabilizes HIF1α or HIF2α, 
which in turn stabilizes Notch [7,30]. HIF1α induces Notch1 in PC 
cells [31]. Interestingly, in neural stem cell, PS downregulates Notch1 
[32]. However, nothing is known regarding the possible effects of 
PS on Notch signaling in PC or any other cancers and therefore begs 
further investigation. In the recent past, there is a lot of focus aimed 
at combating tumor progression by modulating TME. Hypoxia 
being an integral component of TME and based on the existing 
literature, we hypothesize that infusion of PS can modulate TME or 
can desensitize tumor infiltrating lymphocytes (TIL) or reprogram 
both TME and TIL to control PC progression (Figure1). Notably, FDA 
just approved Merck’s oral HIF2α inhibitor, Welireg in USA, a first of 
its kind for adult patients suffering from Von Hippel-Lindau (VHL) 
gene associated renal cell carcinoma, pancreatic neuroendocrine 
tumors or central nervous system hemangioblastomas (https://
www.merck.com/news/fda-approves-mercks-hypoxia-inducible-
factor-2-alpha-hif-2%CE%B1-inhibitor-welireg-belzutifan-for-the-
treatment-of-patients-with-certain-types-of-von-hippel-lindau-
vhl-disease/) paving way for more active research in this field.

Figure 1:

The blue arrow represents upregulation and and red line indicates downregulation.

Conclusion
Given PS is easy to manufacture and formulate, and is a natural 

anticoagulant, it will be interesting to investigate PS efficacy in 
preclinical studies first. PS supplementation of 2mg/kg to attain 
neural protection in mice in brain injury model was tested without 

adverse effect of bleeding [33]. However, there is no literature to 
document PS supplementation to control tumor. If preclinical 
studies look promising, a rational product development strategy 
of PS will produce proof of concept for a viable first-in-class 
investigational product for clinical development.
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