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Abstract 

Malignant biliary obstruction (MBO) presents both a diagnostic and therapeutic 

challenge. It is a common problem, with as many of 70% of pancreatic cancer patients 

presenting with obstruction upon diagnosis. Commonly, MBO appears as painless jaundice 

with anorexia and weight loss as the initial sign of disease such as in the classic presentation 

in pancreatic ductal adenocarcinoma or may occur during progression of malignancy. The 

presence of malignant biliary obstruction is typically associated with a poor 5-year survival 

rate of approximately 5%. Relief of the obstruction may lead to improved quality of life and 

extended survival. The determination of life expectancy is difficult and primarily dependent 

on the following factors including clinical status, metastatic disease, extent of local invasion, 

and use of palliative chemotherapy. Evidence supports a potential role of pyruvate kinase 

PKM2 in tumorigenesis. As an embryonic isoform, PKM2 is reactivated in tumors and 

overexpressed in multiple cancer types. Therefore, the aim of the present study was to review 

the significant role of pyruvate kinase in the diagnosis of malignant biliary obstruction. 
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Introduction 

Biliary tree obstruction and consequent jaundice occur in 70–90% of these patients and 

have important consequences mainly for the patient’s quality of life, morbidity, and overall 

mortality. Options for palliative therapy of biliary tree obstruction include surgical bypass, 

percutaneous external drainage/stenting, and endoscopic stenting. For patients with resectable 

tumors, ongoing debate remains on whether preoperative drainage is necessary (1,2). 

Although the diagnosis can be achieved without tissue biopsy, it is important to have 

histological confirmation. Tissue can be acquired through interventional radiology 

(ultrasound/computed tomography-guided puncture) or through endoscopic procedures, such 

as Endoscopic Retrograde Cholangiopancreatography (ERCP) and Endoscopic Ultrasound-

Guided Fine-Needle Aspiration (EUS-FNA), although the former can be associated with 

seeding in the needle tract (3,4). 
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Early diagnosis is difficult to establish as biliary obstruction can be the first 

presentation of the underlying disease, which can already be at an advanced stage. 

Consequently, the majority of patients (70%) with malignant distal biliary obstruction are 

unresectable at the time of diagnosis (5). So, we review the role of pyruvate kinase as a 

diagnostic marker for MBO. 

Pyruvate kinase (PK), as one of the key enzymes of glycolysis, acts on its substrate 

phosphoenolpyruvate (PEP) to form pyruvate, and pyruvate kinase (PK) has four different 

subtypes: L, R, M1, M2 (6). PKL isoforms are mainly found in liver, kidney and red blood 

cells; while PKR is mainly expressed in red blood cells, biological activity is not clear; PKM1 

is distributed in myocardium, skeletal muscle and brain tissue; PKM2 is the embryonic 

isoform and is expressed in cancer. PKM2 is also expressed in normal proliferating cells, such 

as lymphocytes and the cells of the intestinal epithelium (7). 

Pyruvate kinase can be present as a tetrameric or a dimeric form. The tetrameric 

structure is an active form with high binding affinity to PEP, while the dimeric form is less 

active with low binding affinity to PEP. The single exon difference between PKM1 and 

PKM2 leads to important function distinctions. PKM1 constitutively oligomerizes to a 

tetramer under physiological conditions, while PKM2 may be present as dimer or tetramer 

depending on the corresponding regulators (8).   

Fructose-1,6-bisphosphate (FBP), a glycolytic intermediate, preferentially binds to 

PKM2, but not PKM1, and consequently increases the affinity of PKM2 to PEP. In addition 

to FBP, many other metabolites, amino acids, and small molecules are involved in the 

regulation of PKM2 activity. The binding of small molecule PKM2 activators to PKM2 

promotes tetramer formation, constitutively activating PKM2 and suppressing tumorigenesis.  

Post-translational modification of PKM2 such as through phosphorylation, acetylation, or 

oxidation facilitates the low activity of dimeric PKM2 (9).  

 The alteration in PKM2 activity is related to cellular proliferation and tumor growth. 

The deletion of PKM2 in normal cells results in the expression of PKM1 and induces 

proliferation arrest by impairing nucleotide production and subsequent DNA synthesis (10). A 

switch from PKM1 to PKM2 has been detected in various cancers, and a reverse isoform 

switch from PKM2 to PKM1 has been found to inhibit aerobic glycolysis and reduce 

tumorigenesis in a nude mouse xenograft model (11).  

Roles of PKM2 in cancer types 

PKM2 is involved in many pathological processes of numerous tumor types such as 

gastrointestinal cancer, hepatocellular carcinoma and lung cancer. PKM2 can promote tumor 

growth, metastasis and chemo-resistance by directly regulating tumor cell metabolism as an 

enzyme or regulating different signaling pathways as a nuclear transcription cofactor (10). 

PKM2 enhances tumor cell chemo-resistance. Increase of PKM2 production by 

alternative splicing promotes gemcitabine resistance in pancreatic cancer cells (11). PKM2 

modulates the sensitivity of colorectal cancer cells to gefitinib. Silencing PKM2 and kidney 

type glutaminase expression significantly reverses the resistance of colorectal cancer cells to 

oxaliplatin. Inhibition of PKM2 in esophageal squamous cell carcinoma cells significantly 

decreases cisplatin resistance and increases apoptosis by inactivating the pentose phosphate 

pathway (12).  

Independent of its pyruvate kinase activity, PKM2 exerts non-metabolic functions such 

as protein kinase activity and transcriptional co-activation. PKM2 has been observed to 

transfer to the nucleus, phosphorylate protein histone, and activate gene transcription, acting 
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non-metabolic functions in cancer cells (13). The non-metabolic functions of PKM2 

contribute to multiple processes of tumor pathology. In addition to tumor development, 

PKM2 is involved in cancer metastasis, epithelial mesenchymal transition (EMT), gene 

expression, mitosis, cellular proliferation, apoptosis, DNA damage response, and exosome 

secretion (14). 

High PKM2 expression is significantly associated with reduced overall survival in 

hepatocellular carcinoma. PKM2 promotes metastasis of hepatocellular carcinoma by 

recruiting myeloid-derived suppressor cells. PKM2 nuclear translocation and activation is 

required for the aerobic glycolysis-driven hepatocarcinogenesis (10). In addition, knockdown 

of PKM2 in lung cancer suppresses tumor growth and invasion and enhances the efficacy of 

docetaxel and radiosensitivity. Pharmacologic activation of PKM2 by small molecules 

reduces lung tumor xenograft growth (12). 

PKM2 has appeared to be as a potential marker for pancreatic cancer diagnosis. The 

main advantages include that it detects a metabolic state specific for cancer cells, it can be 

measured easily in the blood, the outcomes are highly reproducible, with sufficient specificity 

and sensitivity, and its plasma concentrations are unaffected by cholestasis (15). 

PKM2 levels were found to significantly higher in patients with pancreatic carcinoma, 

compared to those with chronic pancreatitis, non-neoplastic disease, or benign cystic 

pancreatic tumors. Although the diagnostic performance of PKM2 was lower than that of CA 

19-9, the combination of PKM2 and CA 19-9 increased sensitivity of the diagnostic (16). 

Unlike CA 19-9m PKM2 blood levels are unaffected by cholestasis. This may be due 

to the fact that CA 19-9 is also released by the biliary epithelium, while PKM2 is only 

expressed in actively proliferating cells. Patients with pre-operative tumour PKM2 values 

greater than 27 U/mL have a worse prognosis. Additionally, PKM2 serum levels were also 

related to tumour spread in pancreatic cancer patients (15).  

Modulation of PKM alternative splicing in pancreatic ductal adenocarcinoma cells 

caused by frequent exposure to gemcitabine, conferring resistance to the drug. It is highly 

possible to combine gemcitabine and a PKM2 inhibitor in order to improve chemotherapeutic 

response in cancer pancreas (16).  

 

PKM2 as a therapeutic target: 

Up-regulation of PKM2 is a hallmark of numerous tumor types, making it a potential 

therapeutic target. Targeting PKM2 with some small molecules has been used in the 

preclinical studies to interfere with tumor growth. The strategy usually involves down-

regulation of PKM2, blocking the nuclear translocation of PKM2 and promoting the 

tetrameric state of PKM2 (17). For example, silencing PKM2 by specific siRNA increases 

tumor cell apoptosis and induces tumor regression in xenograft model (14). LY294002, a 

specific phosphatidylinositol-3-kinase inhibitor, inhibits gastric cancer cell proliferation and 

induces early apoptosis through the down-regulation of PKM2. Beta-elemene, a drug for 

complementary cancer therapy, inhibits breast cancer metastasis via blocking PKM2 

dimerization and nuclear translocation (18).  

Also, targeting PKM2 affects the sensitivity of cancer cells to chemotherapeutics. 

Knockdown of PKM2 increases 5-FU efficacy in colorectal cancer cells and the sensitivity of 

lung cancer xenograft to docetaxel. PKM2 knockdown or drug inhibition makes resistant 

hepatocellular carcinoma re-sensitize to doxorubicin and cisplatin (Martin et al., 2020). 

Small molecule PKM2 activators may also interfere with the metabolism of cancer cells for 

therapeutic purposes (13).  
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Challenges against PKM2 protein kinase activity and its pro‑tumorigenic effects: 

 

Although accumulating evidence demonstrates protein kinase activity of PKM2, the 

conclusion has been challenged (19). A phosphoproteomic survey has identified 974 PKM2 

substrates in the proteome of renal cancer, but the biochemical evidence of PKM2 protein 

kinase activity is still limited. When recombinant PKM2 and 32P labelled PEP were added to 

PKM2-deficient cell lysates, neither PKM2-dependent phosphorylation nor PKM2-dependent 

transfer of phosphate from ATP directly to protein were observed. The results contradict a 

role of PKM2 as a protein kinase, although it may result from low levels of target substrate 

proteins and 32P-PEP in the reaction system (20).  

The role of PKM2 in tumorigenesis has been argued. A transgenic study revealed that 

PKM2 is not essential for BRCA1-deficiency-mediated breast cancer formation. In contrast, 

PKM2 deficiency without disrupting PKM1 accelerated breast cancer formation in a mouse 

model of BRCA1 deficiency. PKM2 is not necessary for cancer maintenance and growth in 

vivo (21). Mice lacking PKM2 are prone to spontaneous development of hepatocellular 

carcinoma due to inflammation and an imbalance in metabolism (22).  

PKM1 has been revealed to be expressed in non-proliferating tumor cells but not in 

proliferating cells in PKM2 deficient tumors, suggesting that PKM2 is not required for cell 

proliferation and pyruvate kinase activity is necessary for non-proliferating tumor cells. These 

data demonstrated that cells can modify PKM2 activity to meet the metabolic requirements of 

proliferating and non-proliferating cancer cells. Discrepancies in results of PKM2 research 

may possibly be attributed to different experimental design or to cellular metabolic status 

(23). 

 

Pyruvate Kinase M2 as prognostic and diagnostic marker in cancer: 

Metabolism reprogramming is the most important feature of the cancer cell. Tumor 

cells are different from normal cells as they depend on aerobic glycolysis to generate energy 

even if there is adequate oxygen in the surrounding (13). The cancer cell produces additional 

energy by increasing the reaction rate of glycolysis with the production of lactate in cytosol. 

In healthy cells, pyruvate is either wholly oxidized to CO2 with more production of ATP in 

the presence of oxygen through the mitochondrial respiratory chain or converted to form 

lactic acid in oxygen-deficient conditions (21). 

PKM2 promotes cancer development, metastasis and chemo-resistance by regulating 

either cancer cell metabolism directly as an enzyme or different signaling pathways as a 

nuclear transcription factor (Figure 1), depending on the cancer type (22). PK catalyzes the 

final reaction of glycolysis, in which the high-energy phosphate group is transferred from 

phosphoenolpyruvate (PEP) to ADP to form Pyruvate, with the production of ATP (23).  
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Figure 1: Interaction with PKM2, NF-kB subunit p65 activates the transcription of HIF-1α gene that  

increased secretion of VEGF translates, contributing to tumor growth 
(22)

. 

 

PKM2 promotes the growth of gastric cancer cells by transcriptionally regulating Bcl-

xL. PKM2 knockdown partially affected the stability of the NF-kB subunit p65, indicating 

that post-translational regulation of p65 is one of the mechanisms used by PKM2 to drive 

tumor growth (22). Studies have reported presence of PKM2 in the blood of patients with 

gastrointestinal, pancreatic, lung and ovarian cancer, and renal cell carcinoma (20-22).  

Therefore, circulating PKM2 levels can be a potential diagnostic marker for these 

cancer types. The dimeric form of PKM2 in blood facilitated tumor growth and neo-

angiogenesis by increasing endothelial cell proliferation, migration and adhesion to the 

extracellular matrix (24). The pro-proliferative functions of PKM2 depend on its nuclear 

translocation, which is promoted by different post-translational modifications like tyrosine 

phosphorylation, lysine acetylation, or sumoylation in response to epidermal growth factor 

receptor (EGFR), interleukin-3 (IL-3) and Oct-4, respectively. In addition to stimulating cell 

proliferation, PKM2 translocation also promotes apoptosis via a caspase and Bcl-2 

independent manner in response to stimuli like DNA damage or oxidative stress (25).  

Furthermore, PKM2 knockout in Eca109 and EC9706 cells activated caspase 3, down-

regulated caspase 9, and increased expression of Bim (26).  

 

PKM2 facilitates tumor metastasis 

PKM2 is known to increase colorectal cancer metastasis by modulating the STAT3 

signaling pathway. PKM2 mediated epithelial-mesenchymal transition (EMT), which is 

critical for cancer cells to acquire the invasive potential. Also, EMT stimulated the nuclear 

translocation of PKM2 and transcriptionally downregulated epithelial cadherin (a requirement 

for EMT induction). PKM2 also repressed E-cadherin epigenetically by interacting with the 

transcriptional factor TGF-β-induced factor homeobox 2, which induces histone H3 

deacetylation and downregulates E-cadherin transcription. These findings indicate a novel 

regulatory axis involving PKM2 that can be utilized to prevent cancer metastasis (27).  

 

 PKM2 enhances chemo-resistance: 

 

Studies have linked dysregulated glucose metabolism with chemo-resistance, and since 

PKM2 is an important regulator of tumor glycolysis, it has been implicated in drug resistance 

in different GI cancers. 5-Fluorouracil (5-FU) is an important agent used for the systemic 

treatment of GI cancers, but has limited clinical response due to emergence of resistance 

among the patients. Studies have linked PKM2 expression and activity to cisplatin resistance 

in gastric tumor cells and to acquired resistance to 5-FU in CRC cells, indicating its role in 
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acquired chemo-resistance. In addition, PKM2 is a direct target of miR-122 in the colon 

cancer cells, and overexpression of the latter in 5-FU-resistant cells re-sensitizes them to 5-

FU by inhibiting PKM2 (19-22).  

The nucleoside analog gemcitabine (2’,2’-difluorodeoxycytidine) is routinely used in 

the treatment of advanced pancreatic cancers. Nuclear translocation of PKM2 increases 

gefitinib resistance in colorectal cancer cells via STAT3 activation, and colorectal cancer 

patients who are resistant to gefitinib or oxaliplatin have higher PKM2 expression. In 

addition, knockdown of both PKM2 and GLS1 significantly reversed oxaliplatin-resistance in 

CRC cells. PKM2 also modulates the response of esophageal squamous cell carcinoma 

(ESCC) cells to chemotherapy by regulating the pentose phosphate pathway (28).  

 

 PKM2 & Biliary Tract Cancer  

PKM2 in bile and plasma can be used as a diagnostic and prognostic marker for biliary 

tract cancer, allowing early diagnosis of biliary tract cancer and for using PKM2 as a novel 

therapeutic target. PKM2 levels were significantly higher in biliary tract cancer patients. 

PKM2 levels were 9-fold higher in the bile of biliary tract cancer patients with comparison to 

patients with Benign Biliary Conditions (1,29). 
A previous studies have reported that overexpression of PKM2 might act as a potential 

biomarker for specific types of cancer. However, it is not clearly understood how the 

expression of PKM2 changes the reaction of the cell upon the activation of the growth factor. 

The interaction of PKM2 with growth factor shows that the regulation is integrated. 

Intracellular ROS accumulation is also prevented by PKM2, thereby enabling the subsistence 

of cancer cells under oxidative stress (30-32). 

Conclusion: 

 

PKM2 may serve as an ideal therapeutic target since it is implicated in both glycolytic 

and non-glycolytic pathways and has a significant role in the carcinogenesis of tumour cells. 

Bile PKM2 may be an acceptable biomarker for the detection of cancer in patients with 

unreliable biliary strictures. 

PKM2 must therefore be further investigated in order to be a useful target for MBO 

therapy. Additionally, in order to successfully target PKM2 with medication, the level of 

PKM2 in cancer patients must be measured both qualitatively and quantitatively. 
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