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Navigating the post-PNAS matrix with 
the mouse research ship:  
        A suicide or viable mission? 



My only disclosure: 

I am totally biased in thinking that mouse models –  
when  approprietely used – are very useful in modeling  
of human sepsis 

LBI Trauma 
AUVA 



Mice: 53% 

Rats: 19% 

The Mouse… 

Over 70% of all animal sepsis  

studies are performed in MICE 

% of Animal Species in Research - EU 

cheap 

small –  
high power 

minimal ethical  
concerns 

ease of  
manipulation 

technical  
background 

Since 1.1.2014: 

„mouse & sepsis“: 1358 hits (rat: 502; pig: 81) 

„mouse & trauma“: 2790 hits (rat: 3536; pig: 486) 

„mouse & shock“: 1653 hits (rat: 1156; pig: 219) 



Human Physiology 

? 
Far from ideal… 

Mouse Physiology 

 lymphocyte rich blood  neutrophil rich blood 

 LPS-induced NO release  
     by macrophages - yes 

 LPS-induced NO release 
     by macrophages - no 

 BALT presence - strong   BALT presence - absent 

 different IgG and IgA 
    isotypes/subtypes 

 caspase 10 - no  caspase 10 - yes 

 MHC II on T cells - no   MHC II on T cells - yes 

≠ 

Mestas & Hughes. J Immunol. 2004  



Analysis of 4918 human genes versus their 4918 murine orthologs; Pearson‘s correlation (R2) 

Pearson‘s correlation: 0.02-.03 
Human vs. Mouse Sepsis 

Seok et al. PNAS 2013  



“Mice Fall Short as Test Subjects for Some of Humans’  
Deadly Ills” 

By Gina Kolata 
Published: February 11, 2013 

We Are Not Mice!  
Posted: 02/14/2013 3:47 pm 
Susan M. Love 
Pioneer in the field of women's health and 
breast cancer 

February 13, 2013  

“Mouse Models of Inflammation Are Basically Worthless. Now We Know.” 
   Posted by Derek Low 

 

Justified or not? 

http://pipeline.corante.com/archives/2013/02/13/mouse_models_of_inflammation_are_basically_worthless_now_we_know.php


Takao & Miyakawa PNAS 2014  



H  o  w   C  o  m  e ? ! ? ! 



Differences in the analytical approach: 

- Only altered genes compared 

- Spearman‘s correlation  
   (non-Gaussian/non-linear data) 

- Individual/single mouse studies  
   compared to the matching human disease  

 - fold change as cutoff 
    (<1.2 mouse/<2.0 human vs. <1.2/1.2 (Seok et al.)) 

- NextBio data mining approach: 

a) normalized ranking approach  

b) pair-wise comparison of gene expression signatures (“Running Fisher” algorithm) 

c) meta-analysis of genomic data  

critical 

critical 

not critical (Fig.1 erroneous) 

critical (?) (ImmGen consortium: 

R=0.38-0.45) 

not critical 
(run by Seok et al.; 

supplement. data) 

Well, make up your own mind... 



Mouse 

scientists 

at work… Can We Navigate the  
Matrix?? 



Table 1. Selected mouse-to-human translational examples (26 listed) Shock 2014  



Critically re-checking our mouse models... 

Navigation tip #1a 
The Model/Disease Mismatch: 
Sepsis 
 



Cytokines after LPS/E.coli – mice (& all species) 

van den Boogaard M et al. 2010 Critical Care  

changes over hours 



van der Poll T et al. Blood 1997;89:3727-3734 

(•) vehicle (n = 6) 

(○) TNFR:Fc (6 mg/m2; n = 6) 

van der Poll T et al. J Immunol 1997;158:1490.  

Cytokines after low-dose LPS – human 
      volunteers 

200pg/ml 

changes over hours 



minimal to none 

Different Temporal Dynamics & Concentrations of Circulating Cytokines  

...and Their Absence in Many Patients (more than 90% in some studies) 

Since none of the anti-TNFα trials worked, 
a closer look was taken…(finally!) 

Oberholzer et al. 2000 Critical Care Med.;  Pruitt et al. 1996 Blood 

DIED 

LIVED 

changes  

over  

DAYS 



The 1st Example from the Table 

No, really? 

Mouse sepsis models suck... 



Anti-TNF treatments are bogus… 
No, really? 

Crit Care Med. 2013 Oct;41(10):2419-29.  
Antitumor necrosis factor therapy is associated with 

improved survival in clinical sepsis trials: a meta-analysis. 
Qiu P, Cui X, Sun J, Welsh J, Natanson C, Eichacker PQ. 

The 2nd Example from the Table 



How many times do I 

have to repeat it?!? 

LPS injection is 

not sepsis! 



AUVA 

Re-checking our mouse models... 

Navigation tip #1b 
 The Model/Disease Mismatch: 
Trauma 





TH=hemorrhage&laparotomy H+FFx=hemorrhage&femur fracture 

PT=hemorrhage&thigh diss.femur fracture+cecotomy 

Robuster Inflammatory Response – Day 1 after Trauma 

Crit Care Med. 2013 



More Pronounced Immunosuppression 

“The polytrauma model appears to be 
superior…(…)…in recapitulating the human 

response to severe injury.” 



TH=hemorrhage&laparotomy PT=hemorrhage&thigh diss.femur fracture+cecotomy 

~3-fold up 

~5-fold up 

by using PT model 

+ adj. other factors 

Genomic LEU responses: 
Human vs. Mice 

Crit Care Med. 2014 



It‘s Great, But(t)…! 
3.4 Postraumatic drop of CD11b 

Poster T-11 (Today 7-8:15am) 



The Same Great „But(t)s“  

in Sepsis Modeling! 



Circulating Parameters Prior to Death: high ALT/LDH does not equal death 
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ALT LDH 

CLP/Organ Injury; non-lethal (n=6) 

3467 

SUR 

5953 

SUR 

SUR SUR 

CLP/Organ Injury model: 
CLP (approx. 10-20% mortality) 
+ 
CCl4 (0.3ul/g) - liver injury 
cysplatin  (1ug/g) – kidney injury 

 Organ Dysfunction in Acute Sepsis (days 1-5): 
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 Organ Dysfunction in Acute Sepsis (days 1-5): 



 Fecal Slurry (FS) 

New and Better (?) Sepsis Models Have Emerged 

Cecal Ligation and Puncture (CLP)  

 Colon Ascendens Stent Peritonitis (CASP) 

Infected Fibrin Clot (e.g. with E.coli) 

Intraperitoneal E.Coli injections  

PERITONITIS 

Monomicrobial, 

better control, 

reproducible 

Polymicrobial, 

worse control, 

less reproducible 

PNEUMONIA 
Intratracheal application of: 

• Strept. Pneumoniae  

• Pseud. Aeruginosa 

• Methicillin-resistant  Staph. 
aureus (MRSA) 

1 Hit Approach: Community Acquired P. (CAP) 

2 Hit Approach: Hospital Acquired P. (HAP) 

CLP + Pneumonia 



 Fecal Slurry (FS) 

New and Better (?) Sepsis Models Have Emerged 

Cecal Ligation and Puncture (CLP)  

 Colon Ascendens Stent Peritonitis (CASP) 

Infected Fibrin Clot (e.g. with E.coli) 

Intraperitoneal E.Coli injections  Monomicrobial, 

better control, 

reproducible 

Polymicrobial, 

worse control, 

less reproducible 

PNEUMONIA 
Intratracheal application of: 

• Strept. Pneumoniae  

• Pseud. Aeruginosa 

• Methicillin-resistant  Staph. 
aureus (MRSA) 

1 Hit Approach: Community Acquired P. (CAP) 

2 Hit Approach: Hospital Acquired P. (HAP) 

CLP + Pneumonia 

Humanized Mice – New Opening? 



The most commonly used nowdays: 

cecal ligation and puncture (CLP) 

From Rittirsch et al. Nat Protoc. 2009 



Mouse CLP Models Demonstrated: 
Delayed clinical symptoms 

Clinical-like response to antibiotics & fluids 

Late (chronic) mortality with immunosuppression 

Reproduction of anti-inflammatory clinical trial failures 

CLP – Major Technical Similarities to Clinic: 

• Protracted spillover of LIVE microorganisms 

• Gradual spread of infection that goes systemic 

• Necrotic component (ligated cecum) 

• persistent nidus of infection (abscess)  

≈ 



and others 

• persistent nidus of infection (abscess and/or peritonitis)  

Viewed as a serious pitfall in CLP: 



Nguyen et al. Disease Models and Mech. 2015  

Similar Bacterial Genera 

Different! Different! 



The enterotype – heavy impact (?) among same strains 

chronic sepsis acute  

sepsis 

Female CD-1 mice 

Same needle 

Same operator 

Same protocol 

Different breeders 



CLP 

0h 72h 

Pneumonia 
P. Aeruginosa 

S. Pneumoniae  

Methicillin-resistant S. aureus 
(MRSA) 

24h 48h 

Trauma/ 
Hemorrhage 

0h 

CLP 

24h 48h 

2 Hit Models as a Viable Remedy 

Muenzer et al., 2006, Shock 

Muenzer et al., 2010, Infection and Immunity 

Jung et al., 2011, Shock 

Jung et al., 2012, Shock 

Davis et al., 2012, The Journal of Surgical Research 

Usinger et al. 2012 Journal of Infectious Disiease 

Chaudry /Suzuki  et al., 2006, Shock & Inflammation 

Van Griensvan et al. Exp Toxicol Pathol. 2002 

Drechsler et al., 2011 J Biomed Biotech &2013 PLOS ONE  

Weckbach et al., 2013, J Trauma Acute Care Surg 

Fungal infection 
C. albicans 



Navigation tip #2: 
Heterogeneity  versus  Homogeneity 

Re-setting our mouse investigative thinking... 



http://www.my-ibook.net/browser/piclins/piclins_publick/gallery.html 

One Disease, Many Faces... 

>>Differential Host Response<< 

SIRS 

Systemic Inflammatory Response Syndrome 

MARS 

Mixed Anti-inflammatory Response Syndrome 

CARS 

Compensatory Anti-inflammatory Response Syndrome 

Pulmonary  

Gastro-
intestinal   

Genito-
urinary 

Blood   

skin  

CNS  



They are all diagnosed with sepsis… 

1) monobacterial  
CAP in an  

elderly 
woman 

4) 2ndary fungal sepsis 
In a middle-age, obese 

male with  
an alcohol addiction 

3) Fulminant meningococcal 
sepsis in an infant 

5) Late post-burn 
sepsis in a diabetic teenager 

2) Post-traumatic 
peritonitis in a young 

healthy male 

…yet the underlying pathophysiology 
 is different in each case! 

≠ ≠ 

≠ 



Five 3-month-old healthy, 

 inbred female C57BL/6 mice 

sepsis –

case 4 

Personalize/adapt the models - 
  - to match the real life! 

sepsis –case 5 

sepsis –

case 3 

sepsis –

case 2 

sepsis –

case 1 



Different ways to reduce heterogeneity by  
focusing on: 

• Infectious source (e.g. abdominal vs. pneumonia) 

• Sepsis severity/risk of death (high vs. low) 

• Immuno-inflammatory status (i.e. robust response vs. immunosup.) 

• Presence/absence of specific comorbidities 

• Type of infecting microorganism (e.g., G-pos. vs. G-neg. vs. fungus) 



Fink MP., Virulence 2014 

Out of 69 Anti-sepsis Ph2/3 Human Trials listed… 

2 used advanced (IL-6-based) treatment targeting 



IL-6 – based Risk-Stratification for Sepsis Treatment 
Clinical: anti-TNF (afelimomab) in severly septic patients 

Panacek et al. Crit Care Med. 2004 

All patients IL-6 > 1 ng/ml 

IL-6 < 1 ng/ml 



Creating Homogenous Cohorts in Mouse Sepsis 
Denominators: risk of death & excessive inflammation 

  

TARGETED 

THERAPY 

Inflammatory 
Response 

CLP 

A perfect niche for 
mouse studies 

to aid in clinical 
trial design! 

Example 7 from the Table: 



CLP 

6h 8h 24h 48h 96h 28day 

 

IL-6 as predictor 
 

Rapid ELISA 

predicted 
 to DIE 

predicted 
 to LIVE 

Stratification (IL-6 cut-off 26 ng/ml) 

Treatment: 
Dexamethasone  

(i.p., 2.5 mg/kg b.w.) 

50% 
     treated (T) 

50% 
Treated (T) 

50% 
          not-treated (NT) 

50% 
not-treated (NT) 

Treatment 

 Targeted treatment in a Mouse Model of Acute Sepsis 

Osuchowski et al. Critical Care Med. 2009 
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Days after CLP 

dexameth. treatment based on 
stratification: days 1-7 

Treated 

Not Treated 

n=44 

n=44 
P>0.05 

(40%) 

(11%) 

P=0.035 Treated 
Not Treated 

Predicted to DIE: 

P>0.05 Treated 
Not Treated 

Predicted to LIVE: 

Osuchowski et al., Crit. Care Med. 2009 

Targeted Treatment in Mouse Sepsis: 
looking for potential Benefits 



Targeted Treatment in Mouse Sepsis:  Identifying potential Risks 

Shapiro et al. Crit Care 2010 

non-survivors 

survivors 

CLP Mice 

non-survivors 

survivors 

Raeven et al. PLoS ONE 2013 

* 

* 
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Septic Shock Patients 

Example 23: 



Possible Detrimental Treatment Effect in  Predicted-to-Live Cohort 

retrospective prospective 

Targeting homogenous cohorts will save lives: 
Smart mouse modeling can pave the way! 



Navigation tip # 3: 
To Do or Not to Do?  Compromising the study design 

Producing IF instead of useful data... 

The GIGO concept: 

AUVA 



The "hourglass" notion of research 

Study  
design 

“100% of all disasters are failures 
of design, not analysis.”  

-- Ron Marks, Toronto, August 16, 1994  

AUVA 



Taken from: Some Aspects of Study 
Design by Gerard E. Dallal, Ph.D.  

STUDY DESIGN 

(and publish fewer papers?)  

Current reality: 
You will ALWAYS publish your stuff somewhere 

Who's Afraid of Peer Review? 
John Bohannon, Science 2013;342:60-65 

Two of the most valuable things  
a researcher can possess are:  
 

1. knowledge of the principles of good study design   
 

2. the courage to refuse to cut corners  



If you want to publish in Critical Care Medicine: 

Mechanism not novel enough to be clinically important  

Intervention works only as pre-treatment  

The effect is of doubtful  clinical  significant 

Paper on a rarely encountered clinical care   

Modified from T. Buchmann’s slide from today’s talk  (ICCAI Session) 



A fitting mouse model is not enough… 

Van der Worp…Malcolm R. MacLoeod. PLoS Medicine 2010 



by Steve Perrin 

Sloppy design falsifies data… 



Other Hazards You Must Consider in Your  
Mouse Modeling to Navigate the MATRIX: 

Co-morbidities (absent in models, present in patients)  

Use of Antibiotics (infrequent in models, always in patients)  

 Tech ICU Capability (problematic in the mouse, standard in patients)  

Gender (survival advantage in female mice/rats, unclear in patients)  

Survival Follow-up (short/medium in models, long in patients)  

Age (young animals but aged patients)  

Long-term/Late sepsis studies (early sepsis in mice, late in patients)  



Adapt models to patients (not vice versa)  

Choose wisely (not because you have it)  

Realize its flaws (but also strenghts)  

Be critical (as mouse is just the beginning)  

Take Home Navigation Tips 



Do Not Abandon the Mouse Ship - 

The Mouse Research Ship A very bad habit 

Abandon the bad habits! 



Special thanks to 
 M741, M742, M743, M744, 
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M809, M810, M811, Ect... 

 



Soheyl Bahrami- 

IC Dept. Head 

Heinz Redl – 

LBI Head 

Thank you! 
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