
Cytokines as molecular biomarkers for cancer cachexia 
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• Loss of muscle mass and strength 

•Ineffective host antitumor response 

•Loss of whole body fat 

•Impaired  immunity 

•Fatigue 

Age: mean (SD) 64.8 (12.4) 

Sex: n (%) 

     Male 

     Female 

 

47 (66.2) 

24 (33.8) 

Cancer Type: n (%) 

     Head & Neck 

     Upper Gastrointestinal 

     Lung 

     Hepatobilliary 

     Pancreatic 

     Colorectal 

 

13 (18.3) 

  2 (2.8) 

10 (14.1) 

  6 (8.5) 

32 (45.1) 

  8 (11.3) 

EDTA-coated 

collection tubes  

Plasma  

TRAIL, IL-12, IL-18, TGFb1, TGFb2, 

TGFb3, IL-1a , IL-5,  IL-3, IL-10, TNFa, 

IL-8, MCP1, IFNg, IL-1b, IL-6, IL-4. 

Percent weight loss: n (%)* 

     < 2 % 

     2 – 5 % 

     5 – 10 % 

     > 10 % 

 

14 (25.0) 

8 (14.3) 

13 (23.2) 

21 (37.5) 

Skeletal muscle mass (kg): mean (SD)† 25.5 (6.7) 

Two-Minute Walk Distance (m): mean (SD)‡ 116 (34) 

Comfortable Gait Speed (m/s): mean (SD)§ 1.09 (0.32) 

Maximal Gait Speed (m/s) : mean (SD)║ 1.47 (0.40) 

*N = 56; †N = 55; ‡N = 57; §N =62; ║N =61      
    

Profile of regression of coefficients for comfort speed 
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Abstract 
Cachexia is a multifactorial syndrome defined by irreversible 

loss of skeletal mass (with or without loss of fat mass) that 

cannot be reversed by conventional nutritional support. 

Cachexia is characterized by a negative protein and energy 

balance that causes disorders in homeostasis such as 

progressive wasting, weakness, anorexia and anemia. This 

life-threatening syndrome is present in ~30-50% of cancer 

patients and is markedly associated with lung and upper 

gastrointestinal cancers such as pancreatic cancer. In fact over 

80% of pancreatic cancer patients develop cachexia, and they 

are more likely to have an increased progression of their 

tumors and their metastasis. In the present clinical study, we 

have analyzed and correlated the cytokine profile and muscle 

function data of 71 patients with advanced cancer including 

head and neck cancer (13 patients), Non-small cell lung 

cancer (NSCLC, 10 patients), pancreatic cancer (32 patients), 

hepatobilliary carcinoma (6 patients), colorectal cancer (8 

patients) and upper gastro-intestinal cancer (GI, 2 patients). 

Human blood samples were drawn into anticoagulant EDTA-

coated collection tubes and 16 cytokines and chemokines 

including IL-1b, IL-4, IL-6, IL-10, TNFa, TRAIL, IFNg, 

TGFb(1,2,3), MCP1, IL-1a, IL-15, IL-8, IL-18 and IL-12 in 

plasma were measured using Human Cytokine bio-plex 

technology. Patients with impaired muscle function are 

characterized by elevated levels of IL-1b, IL-6, IL-4, IFNg, 

CRP (C-reactive protein) and LDH (lactate dehydrogenase). 

In particular, IL-1b, IL-6 and IFNg may trigger the NF-kB 

mediated protein degradation pathway in the muscle and 

impair myoblast survival, proliferation and differentiation by 

acting as inhibitors of IGF induced PI3K/AKT pathway. 

Understanding the molecular mechanism of muscle wasting 

not only will identify potential targets to treat this syndrome, 

but also will increase the quality of life for both patients and 

family, which will allow them to pursue existing and 

upcoming treatments for cancer. 

 

Introduction  
Cancer cachexia is defined as a complex metabolic disorder 

associated with underlying illness and characterized by loss of 

muscle mass with or without loss of body fat. Clinical 

manifestations include anemia, reduced caloric intake, 

ineffective host antitumor response and abnormal lipolysis. 

Consequently cancer patients suffer of anorexia, fatigue, 

decreased muscle strength, increased disability, and 

diminished quality of life and survival (1). This life-

threatening syndrome affects more than one million people in 

Unite States and is more frequently associated with lung and 

upper gastrointestinal cancers such as pancreatic cancer (2).  

Loss of muscle mass associated to cancer cachexia is a result 

of a combination of increased protein degradation and 

decreased rate of protein synthesis. There are three major 

proteolytic pathway involved in the degradation of protein in 

the muscle: 1) The lysosomal system responsible for the 

degradation of extracellular proteins and cell receptors, 2) The 

calcium-activated system (aka calpain system) involves in 

tissue injury, necrosis and autolysis and 3) The ubiquitin-

proteasome pathway, which function in harmony with the 

calpain system to disassemble and degrade muscle 

myofilaments (3). Specifically, the induction of muscle-

specific E3 ubiquitin ligases muscle atrophy F box 

(MAFbx/atrogin1) and muscle RING finger 1 (MuRF1) are 

responsible for the selective polyubiquitination of proteins 

target for degradation in the muscle (4,5). 

Clinical and epidemiologic studies have suggested a strong 

association between chronic inflammation, and cancer (6). In 

particular, solid malignancies trigger an intrinsic undesired 

inflammatory response that give rise to a protumorigenic 

microenvironment characterized by recruitment of leukocytes 

and expression of tumor-promoting cytokines and chemokines 

(7). This chronic inflammatory state leads to an abnormal 

increase of inflammatory factors that induce cachexia. 

Proinflammatory cytokines such as IL-1b, IL-6, TNFa, and 

IFNg have shown to extensively contribute to the cascade of 

events that trigger muscle waste and cachexia symptoms. 

These cytokines have been directly or indirectly implicated in 

the processes of protein catabolism in the muscle, inhibition 

of protein anabolism, increase of insulin resistance and 

lipolysis in cancer (8,1). Specifically IL-1b, IL-6 and TNFa 

induce the activation of the transcription factors NF-kB, 

which is one of the essential regulators of the ubiquitin-

proteasome pathway. In addition, these cytokines as well as 

IFNg induce insulin resistance and impair muscle function by 

acting as inhibitors of IGF-induced PI3K/AKT activation (4).  

In the present study, we aim to correlate the cytokine profile 

with muscle function in cancer patients at late stage of disease 

progression.      
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Figure 1: Cascade of events that lead to cancer cachexia and impact in the patients. Tumor-associated chronic 

inflammation induces an abnormal increase of proinflammatory cytokines such as IL-1b, IL-6, TNFa, and IFNg. These 

cytokines have been directly or indirectly implicated in the processes of protein catabolism in the muscle, inhibition of 

protein anabolism, increase of insulin resistance and lipolysis in cancer. Consequently, cancer patients suffer of impaired 

physical functions, reduce independence for activities of daily living, reduce response to therapy and impaired quality of 

life. 

Figure 1 

Figure 2 

Figure 2: Materials and Methods. Blood samples were collected from 71 patients with advanced cancer including head 

and neck cancer (13 patients), Non-small cell lung cancer (NSCLC, 10 patients), pancreatic cancer (32 patients), 

hepatobilliary carcinoma (6 patients), colorectal cancer (8 patients) and upper gastro-intestinal cancer (GI, 2 patients). 

Human blood samples were drawn into anticoagulant EDTA-coated collection tubes and 16 cytokines and chemokines in 

plasma were measured using Human Cytokine bio-plex technology.  

Figure 3: Statistical analysis of muscle mass and function: Number and percentage of patients based on the percentage 

of weight loss. Mean values and standard desviation (SD) were obtained by measuring three muscle functions: two minutes 

walking distance, comfortable gait speed and maximal gait speed. The N values indicate the number of patients tested per 

muscle function. 

Figure 3 

Figure 4 

Figure 4: Correlation analysis between the cytokine profile and muscle function. The cytokine profile and muscle 

function data were correlated using the statistical method Partial Least Squares (PLS). Patients with impaired muscle 

function are characterized by elevated levels of IL-1b, IL-6, IL-4, IFNg, CRP (C-reactive protein) and LDH (lactate 

dehydrogenase).  
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Figure 5: Underlying mechanism of muscle waste. Proinflammatory cytokines 

IL6 and IL-1b induce protein catabolism and inhibit protein anabolism through  

the activation of NF-kB and PKR signaling pathways. IL-6 also induce acute 

phase response (APR) characterized by elevate levels of CRP. These cytokines 

along with IFNg impair myoblast survival, proliferation and differentiation and 

induce insulin resistance by acting as inhibitors of IGF-induced PI3K/AKT 

pathway and suppress the expression of MyoD and myosine heavy chain. 
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Figure 6: Mechanism of LDH induction and its effect on muscle function. IL-

1b and tumor-induced hypoxia induce HIF-1 (hypoxia inducible factor 1), which 

increase the transcription of LDH, glycolytic enzymes and the pyruvate 

dehydrogenase kinase (PDHK). In turn, PDHK phosphorylate and inactivate the 

pyruvate dehydrogenase complex (PDH), which convert pyruvate into acethyl-

CoA in mitochondria, causing the accumulation of pyruvate, which is then 

convert to lactate by LDH. Elevate levels of lactate increase tumor progression 

and impair muscle function. 


