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Consequences of global warming01

Introduction

IPCC report (2022)
Ed Hawkins (https://www.climate-lab-book.ac.uk/warming-stripes/)

 Aim: limit global warming to 1.5° until 2100 
 Risk increases to exceed 1.5° without changes
 otherwise increase of the ambient temperature 
to 2.1 – 3.4° expected

 Increase of extreme weather (heat, rain, flood)
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Introduction

Consequences of global warming – heat stress

 Acclimation to heat is a trade-off
between survival and metabolic
maintenance including immune 
response 

http://www.nadis.org.uk/disease-a-z/cattle/managing-heat-stress-in-dairy-cows/

Created with Biorender.com
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Immune response under heat stress01

Introduction

Bradford et al. 2015, J Dairy Sci, 
10.3168/jds.2015-9683

Capital letters indicate 0.05<p<0.1Small letters indicate p<0.05.
Koch et al. 2023, J Dairy Sci 
doi:10.3168/jds.2022-22520
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Hypothesis02

Hypothesis

Our objective was to elucidate the time-dependent effects of
moderate chronic heat stress in peripheral blood
mononuclear cells of Holstein cows by altering the
transcriptomic profile.
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Experimental Design03

Experim
ental Design

Climate chamber 28 C Climate chamber 16 C° °
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Experimental Design03

Experim
ental Design

* Isolation of PBMC

* *

* *

30 Holstein dairy cows in 1st lactation (mean ± SEM: 169 ± 9 days in milk) 
- genotyped by HSP70.1 5´UTR 895 
- in 2 climate rooms (permanent 16 C or 28 C)°°

7d

7d
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Experimental Design03

Experim
ental Design

* Isolation of PBMC

* *

* *

30 Holstein dairy cows in 1st lactation (mean ± SEM: 169 ± 9 days in milk) 
- genotyped by HSP70.1 5´UTR 895 
- in 2 climate rooms (permanent 16 C or 28 C)°°

6 days, ad libitum: 16°C, 
THI = 60

Heat stress:    28°C, THI = 76

1d 6d

7d

7d
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Experimental Design03

Experim
ental Design
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Experimental Design03

Experim
ental Design
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Experimental Design03

Experim
ental Design
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Experimental Design03

Experim
ental Design
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Climate chamber conditions04

Results
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Days
-6 -4 -2 0 2 4 6 8

Te
m

pe
ra

tu
re

 (°
C

)

14

16

18

20

22

24

26

28

30
heat stress
thermoneutrality

Humidity

Days
-6 -4 -2 0 2 4 6 8

H
um

id
ity

 (%
)

45

50

55

60

65

70

75

Temperature-humidity-index

Days
-6 -4 -2 0 2 4 6 8

TH
I

58

60

62

64

66

68

70

72

74

76

78
condition p<0.001
day p<0.001
condition x day p<0.001

condition p<0.001
day p<0.001
condition x day p<0.001

condition p<0.001
day p=0.684
condition x day p=0.754

*** ***

***
Koch et al. 2023, J Dairy Sci 
doi:10.3168/jds.2022-22520

*** p < 0.001

THI: 76  moderate heat stress
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Physiological conditions04

Results

Koch et al. 2023, J Dairy Sci 
doi:10.3168/jds.2022-22520
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Physiological conditions04

Results

Koch et al. 2024, J Dairy Sci 
10.3168/jds.2023-24242
Koch et al. 2024 (under review)
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RNAseq Analysis04

Results
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Enrichment Analysis - DAVID04

Results
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Enrichment Analysis - DAVID04

Results

up-regulated in 6 days 
HS cows

P2RX1 – purinergic receptor P2X 1
PTGIR – prostaglandin I2 receptor
ITGA2B – integrin subunit alpha 2b
GP1BA – glycoprotein Ib platelet
                subunit alpha
GP5 – glycoprotein V platelet 
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Enrichment Analysis - DAVID04

Results
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Results

up-regulated in 6 days 
HS cows

F11R – F11 receptor
PECAM1 – platelet and endothelial
                   cell adhesion molecule
VCL - vinculin

04
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Progessing heat stress05

Discussion

Letal heat stress Hyperthermia

 Hyperimmune response
 Inflammatory cytokine 

cascade
 Anti-inflammatory reciprocation
 Oxidative stress
 Anti-oxidative reciprocation

SIRS
(Systemic Inflammatory Response Syndrome)

 Coagulopathy 
 Hypercoagulation
 Microthrombosis
 Vascular permeability

Burhans et al. 2022, J Dairy Sci, doi: 10.3168/jds.2021-21080

DIC
(Disseminated Intravascular Coagulation)

MODS
(Multiple Organ Dysfunction Syndrome)

Death

a b

SIRS and DIC im (a) gut and (b) heart
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Summary06

Sum
m

ary

 6 d of HS revealed an upregulation of pathways related to platelet 
activation, fluid shared stress and arteriosclerosis
 HS-induced microvascular injuries or changes in hematocrit as a

consequence of prolonged HS

 activation of leukocyte transendothelial migration, ECM-receptor 
interaction, neutrophil extracellular trap formation and HIF-signaling
pathway
 activation of the peripheral immune response and oxygen 

delivery to maintain homeostasis after heat
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Col 1 vs Col 29 
Col 1 vs Col 31 
Col 1 vs Col 33 
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Enrichment Analysis - DAVID04

Results

11 66

1 vs 6 cows

differently expressed genes
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