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Biomarkers is biological crystal bowl
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Disease severity and progression

  
  

   
  
  
  

  
  
  

    

    

    

    

    

    
                

              
                
             

Response and efficacy

  
  

  
  

   
  
  

  
  

  
  
  
  

  
  
  
  

 

  

  

  

   

   

          
    

          
    

                           
                                            

Therapy A Therapy B Therapy C

Diagnosis of subtypes 
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Demolition & Repair 24-7
You are not the same you were Monday morning  
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Disrupted collagen/tissue  balance
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Fibrosis and extracellular matrix remodeling are
essential for many pathologies

Brain
1. Alzheimers
2. Traumatic brain injury
3. Parkinsons disease
4. Dimentias

Muscle
1. Dermatomyositis
2. Polymyositis
3. Myositis
4. Cachexia
5. Sarcopenia

Liver
1. NASH
2. Alcoholic liver disease
3. Portal hypertension
4. Hepatitis B/C
5. Primary sclerosing
cholangitis
6. Primary biliary cirrhosis

Intestine
1. Crohn’s disease
2. Ulcerative colitis
3. Intestinal fibrosis
4. Intestinal fistula
5. Irritable bowel disease
6. Hernia

Bone and cartilage
1. Osteoporosis
2. Osteoarthritis
3. Rheumatoid arthritis
4. Spondyloarthritis
5. Psoriatic arthritis

Skin
1. Atopic dermatitis
2. Hypertrophic scars
3. Keloids
4. Psoriasis
5. Scleroderma
6. Lupus

Cardiovasulcar
1. Atherosclerosis
2. Myocardial infarction
3. Cardiac fibrosis
4. Atrial fibrillation

Lung
1. Asthma
2. COPD
3. PAH
4. Interstitial lung disease

Systemic
1. Systemic sclerosis

Cancers
1. HCC
2. Pancreas

Kidney
1. Diabetic nephropathy
2. Glomerular sclerosis
3. Chronic allograf nephropathy
4. IgA nephropathy
5. Lupus nephritis
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What is elevated tissue remodelling? 
the common denominator among chronic diseases

Karsdal MA et al, Autoimmunity reviews, 2021 
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NASH: Not only a liver disease! An organ death race!
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Sanyal A. et al, NEJM, 385, 2021

Events/100 Total population F0-F2 F3 F4
Hypertension 7.76 6.5 12.17 14.49

Diabetes 4.84 4.45 6.24 7.53

Kidney 2.53 2.17 2.97 4.49

CVD- events 0.83 0.8 0.93 0.81

Non-liver cancer 0.82 0.73 1.03 1.00

Death Any Cause 0.57 0.32 0.89 1.76

Liver-related events 0.46 0.05 0.99 2.69

Liver-related deaths 0.15 0.04 0.28 0.68

HCC 0.11 0.04 0.34 0.14

n=1773. 4.6 years follow up 
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Collagen Biomarkers
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Proteins have many different domains –
selection of the right epitope

Each domain may have unique functions: 
• Some are released during tissue formation
• Some are released during tissue degradation
• Some are cryptic signals being released during tissue turnover

Type I collagen Type XVIII collagen

Karsdal MA et al, The collagen book 
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We should not just measure proteins – but 
epitopes 
There are many different cleavage fragments of type I collagen 
– each providing unique information on tissue turnover

Example:
CTX-I = bone resorption
C1M = soft-tissue degradation
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Formation Degradation

Healthy       Osteoporosis Healthy       Osteoporosis

The tissue balance was changed 
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Precision Medicine - ”The Beginning” –
early efficacy
Liver, Lung, Skin (SSC), Heart, IBD, Kidney and Cancer  
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Filling the biomarker gap for the future

Discovery Refinement Robustness World Wide 

10.000 Ideas 200 Assays 50 Assays 15 Assays
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Fibrosis is not just fibrosis!

Karsdal et al. , Hepatology 2020

Basement membrane

formation
Reparative response

Interstitial matrix
Dense matrix indicative of 

late stage disease
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Early Regenerative Phase

Bile duct

Portal triad

Portal vein Terminal 
hepatic vein

Hepatocytes

Repair response of endothelial cells

HSC

Increase in networking forming collagens of the 
basement membrane produced by endothelial cells Karsdal et al. , Hepatology, 2019
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Advanced Liver Fibrosis
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Increase in fibril forming collagens in the space of disse of 
the interstitial ECM  produced by activated HSCs

Portal triad

Terminal 
hepatic veinKCLoss of endothelial fenestration

HSC activation
and proliferation

Loss of hepatocyte microvilli

Karsdal et al. , Hepatology, 2019
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Which collagens are in the liver ?
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n=30

NAFLD
800 kcal/day 
8-12 weeks

68% reached weight loss 
target of 10%. 

Mean weight loss 13 kg

Subject Characteristics Baseline

(n=30)

Post-VLCD

(n=27)

P-Value

Age (years) 56 ± 12

Sex (n) male/female 18/12

Time since NAFLD Diagnosis 

(months):

Mean

Median (range)

28.4 ± 31.7

13.5 (1-113)

Anthropometry

Weight (kg) 119 ± 25 104 ± 21 0.000**

BMI (kg/m2) 42 ± 8 37 ± 8 0.000**

Body fat (%) 45 ± 6.9 40 ± 9.1 0.001**

Blood pressure: Systolic (mmHg)

Diastolic (mmHg)

144 ± 15

86 ± 11

133 ± 14

81 ± 9

0.003**

0.018*

Blood samples

Total cholesterol (mmol/L) 

Triglycerides (mmol/L) 

HDL (mmol/L) 

AST (IU/L)

ALT (IU/L)

GGT (IU/L)

Fasting glucose (mmol/L)

Hba1c (mmol/mol)

Insulin (pmol/L)

4.3 ± 0.9

2.1 ± 1.8

1.2 ± 0.3

35 ± 18

47 ± 30

82 ± 74

7.5 ± 2.3

50 ± 13

135 ± 85

4.3 ± 1.1

2.0 ± 1.4

1.6 ± 1.9

25 ± 9

31 ± 16

52 ± 72

6.1 ± 1.1

42 ± 9

92 ± 91

0.652

0.156

0.270

0.004**

0.003**

0.000**

0.002**

0.000**

0.018*

Fibroscan

Stiffness (KPa)

IQR (KPa)

13.0 ± 6.6

3.5 ± 3.0

8.0 ± 2.9

2.5 ± 2.8

0.022*

0.183

Non-invasive scores

FIB-4

QRISK2

1.5 ± 1.0

15.6 ± 14.2

1.2 ± 0.7

11.9 ± 9.8

0.206

0.030*

DYNAMICS OF BIOMARKERS

Team Quentin 
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Mean with SEM

Dynamics of biomarkers 
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A low formation and high formation endotype?
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The cumulative incidence of developing a liver-
related event for ALD patients

Derivation cohort – Secondary care
(n=222; F3/4: 42%)

Validation cohort – Primary care
(n=240; F3/4: 8%)

22

Johansen S et al; AASLD 2021

ALPACA model: 
PRO-C3, AST/ALT, platelets

ADAPT:
PRO-C3, Age, T2DM, platelets

FIB-4:
Age, AST, ALT, platelets

Derivation cohort Validation cohort

Patients, n 222 240
Liver-related events, n 65 19
All-cause mortality, n 56 21

ALPACA model  0.18
ALPACA model > 0.18

ALPACA model  0.18
ALPACA model > 0.18
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The epitope matters – collagen is not just collagen

23

Name Description
Number of clips to 
generate 
fragment

Process

P3NP N-terminal pro-peptide of type III collagen Unknown Fibrosis formation 
(young collagen)PRO-C3 N-terminal pro-peptide of type III collagen generated by ADAMTS-2 1

PC3X Cross-linked N-terminal pro-peptide of type III collagen 
generated by ADAMTS-2 2 Tissue stiffness

NTX-3A N-terminal telopeptide fragment of cross-linked type III collagen 
generated by MMP3, -8, -9 and CatS 4

Fibrosis resolution
(old collagen)NTX-3B N-terminal telopeptide fragment of cross-linked type III collagen 

generated by ADAMTS-2 4

CTX-3 C-terminal telopeptide fragment of cross-linked type III collagen 
generated by BMP-1 4

C3M MMP-9 cleaved type III collagen 1 Inflammation
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Fibrosis resolution - MMP degraded and 
cross-linked type III collagen - CTX-III

HRP-mAB

Cross-linked

Biotin-mAB

CTX-III

Protease generated neo-epitope 

Protease generated neo-epitope 

Pehrsson M, et al, 2022
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Pehrsson M, et al, 2022
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A direct marker of fibrosis resolution 

Statistical model: Kruskal-
Wallis

Pehrsson M, et al, 2022

PRO-C3CTX-III CTX-III/PRO-C3

N= 194 G/T1 HCV patients (NCT00244751), Ishak stage 2-4, HCV: 
hepatitis C virus. Liver biopsy week 0 and 56. Farglitazar vs pl 
treatment
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CTX-III and PRO-C3 related to survival in cirrhotic
patients with TIPS

High degree of fibrolysis is associated with better prognosis

9/
6/

20
22

27

p = 0.047
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No
rd

ic
 B

io
sc

ie
nc

e

CVD (HFpEF) – fibroblasts proteins – collagens are dangerous
Results from the TOPCAT trial

28

Primary endpoint: CV death from CV causes, aborted cardiac arrest or 
hospitalization for HF

Data adjusted for age, gender, race, diabetes, history of MI & glomerular 
filtration rate (GFR) Chirinos et al. poster presentation at AHA 2019

Marker Description

PRO-C6 Formation of collagen type VI and 
endotrophin
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The balance of COL III formation 
and degradation is changed in 
kidney disease

Understanding turnover

Prognostic
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