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Citrate cycle (TCA cycle)

Fatty acid degradation
Pyrimidine metabolism

Valine, leucine and isoleucine degradation
Propanoate metabolism

Metabolism of xenobiotics by cytochrome P450
Drug metabolism - cytochrome P450
Ribosome biogenesis in eukaryotes

RNA transport
DNA replication

Spliceosome
PPAR signaling pathway

Mismatch repair
Homologous recombination

Fanconi anemia pathway
Cytokine-cytokine receptor interaction

NF-kappa B signaling pathway
Protein processing in endoplasmic reticulum

Phagosome
AMPK signaling pathway

Apoptosis
Necroptosis

Osteoclast differentiation
Antigen processing and presentation

Toll-like receptor signaling pathway
NOD-like receptor signaling pathway
RIG-I-like receptor signaling pathway

Cytosolic DNA-sensing pathway
Hematopoietic cell lineage

IL-17 signaling pathway
TNF signaling pathway

Intestinal immune network for IgA production
Circadian rhythm

Circadian entrainment
Regulation of lipolysis in adipocytes

Renin secretion
Pertussis

Leishmaniasis
Chagas disease (American trypanosomiasis)

African trypanosomiasis
Malaria

Measles
Influenza A

Herpes simplex infection
Epstein-Barr virus infection

Inflammatory bowel disease (IBD)
Rheumatoid arthritis

Graft-versus-host disease

NES

Pa
th
w
ay
s

MCP-1
/C

CL2
 

MIP
-1
α/C

CL3
 

MIP
-1
β/C

CL4
 

MCP-3
/C

CL7
 

MCP-5
/C

CL1
2 

KC/C
XCL1

 

MIP
-2

/C
XCL2

 

IP
-1

0/C
XCL1

0 
0

5000

10000

15000

20000

25000

R
el

at
iv

e 
flu

or
es

ce
nc

e-
B

kg
d PBS

LNP

****

****

****
****

****

****
****

ns

**

GM-CSF IL-1β IL-2 IL-6 
0

5000

10000

15000

R
el

at
iv

e 
flu

or
es

ce
nc

e-
B

kg
d

****

****

ns

��������	
��� 
�������

�������
����������
�����

����
����� ����
�����

�������
����������
�����

PBS
LNP

A. B.

MCP-1
/C

CL2
 

MIP
-1
α/C

CL3
 

MIP
-1
β/C

CL4
 

MCP-3
/C

CL7
 

MCP-5
/C

CL1
2 

KC/C
XCL1

 

MIP
-2

/C
XCL2

 

IP
-1

0/C
XCL1

0 
0

5000

10000

15000

20000

25000

R
el

at
iv

e 
flu

or
es

ce
nc

e-
B

kg
d PBS

LNP

****

****

****
****

****

****
****

ns

C. D.

E. F.

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 4, 2021. ; https://doi.org/10.1101/2021.03.04.430128doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.04.430128
http://creativecommons.org/licenses/by-nc-nd/4.0/


Neut.

Naïve LNP
0

20

40

60

80

%
 a

m
on

g 
liv

e 
ce

lls

**

CD45+ NKCD11b+ DCCD11b- DCEosi.

Naïve LNP
0

5

10

15

20

25

%
 a

m
on

g 
C

D
45

+  
ce

lls

**

Naïve LNP
0

2

4

6
ns

Naïve LNP
0

1

2

3

4

5

***

Naïve LNP
0

1

2

3

4

5

**

Naïve LNP
0

5

10

15
ns

Naïve LNP
0

1

2

3 ns

iMon.

Naïve LNP
0

1

2

3

4 **

rMon.aMac.

Naïve LNP
0.0

0.2

0.4

0.6

0.8

**

iMac.

Naïve LNP
0

10

20

30 *

B cells

Naïve LNP
0

5

10

15

20

25 ns

T cells

Naïve LNP
0

5

10

15

%
 a

m
on

g 
C

D
45

+  
ce

lls ***

0 2 4 6 8
0

20

40

60

80

100

Days

Su
rv

iv
al

 (%
)

10µg LNP

5µg LNP
2.5µg LNP

PBS

2 4 6 8
0

10

20

Days

C
lin

ic
al

 s
co

re

0.25

A. B. C.

D.

PBS

LNP 9h

LNP 24h

E.

F.

0 2 4 6 8
70

80

90

100

110

Days
%

 o
f o

ri
gi

na
l b

od
y 

w
ei

gh
t

0 2 4 6 8
0

20

40

60

80

100

Days

Su
rv

iv
al

 (%
)

10µg LNP

5µg LNP
2.5µg LNP

PBS/Naïve

PBS

DiI-LNP

DAPI DiI Merged

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 4, 2021. ; https://doi.org/10.1101/2021.03.04.430128doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.04.430128
http://creativecommons.org/licenses/by-nc-nd/4.0/


Fever, chills,  
sleepiness, headache 

vomiting  
etc. 

Local inflammation: 
redness 
swelling 

heat 
pain 

loss of function 

DAMPs released 
by lytic cell death 

Activation of 
different 

inflammatory 
pathways 

CARP mediated by 
pre-existing 

anti-PEG 
antibodies 

Leukocytic 
infiltration 

1 st 

dose 

NK 

Same as 1 st  dose 
 or enhanced by 
innate memory? 

Any cell  expressing and presenting  vaccine 
peptides/proteins can become target of T cell and 

NK cell mediated killing.  

LNP related side 
effects 

mRNA-related side 
effects 

2 nd 

dose 

CTL 

LNP related side 
effects 

IL-1β/IL-6/CCL3/CCL4 
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