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Nonhuman primate models for preclinical testing of cancer vaccines



Common marmoset breeding facility

Common marmosets (Callithrix jacchus)



Sharp increase in the use of laboratory marmosets 

Science, 26 October 2018



Advantages and disadvantages of marmosets in 
biomedical research

Jagessar et al. Exp. Anim. 2013



Antibody clones for flow cytometry



Antibody clones for flow cytometry

Marker Antibody clone Fluorochrome Reactivity Manufacturer

CD45 6C9 PE marmoset BioLegend

CD3 SP34-2 Alexa Fluor 700 human BD

CD20 H299 FITC human Beckman Coulter

CD4 L200 PerCP-Cy5.5 human BD

CD8 6F10 PE marmoset BioLegend

CD69 L78 APC human BD

CD62L SK11 BV421 human BD

CD45RO UCHL1 PE/Cy7 human BioLegend

CD107A H4A3 BV421 human BD

CD27 M-T271 APC human BioLegend



Gating strategy and identification of the populations of T-and B-cells



Identification of T-cell subpopulations



Proportions of reactive peripheral blood cells of naïve CMs

Parameter

Marmoset ID, parameter %
Total,

M±σ, %Female Male

2996 2998 0519 3016 2997 M±σ, 2994 4540 4520 M±σ,

Age, months 29 29 23 48 25 30.8±10.0 30.0 25.0 25.0 26.7±2.9 29.3±8.0
*CD45+ 67.5 64.5 62.3 43.5 43.2 56.2±11.9 42.1 44.3 66.6 51.0±13.6 54.3±11.8

CD45+CD3–CD20+ 28.7 32.4 17.7 17.5 20.4 23.3±6.8 22.3 24.3 18.4 21.7±3.0 22.7±5.5
CD45+CD20+CD27+ 8.3 11.8 5.9 17 7.9 10.2±4.4 8.9 7.0 4.7 6.9±2.1 8.9±3.9

CD45+CD3+CD20– 62.4 57.6 69.6 74.7 64.4 65.7±6.6 66.5 68.5 76.9 70.6±5.5 67.6±6.3
CD45+CD3+CD27+ 93.9 93.2 96.2 98.4 93.2 95.0±2.3 91.8 95.8 94.6 94.1±2.1 94.6±2.1

CD3+CD4–CD8+ 39.2 32.7 34.4 40 32.9 35.8±3.5 33.2 33.6 28.5 31.8±2.8 34.3±3.7
CD3+CD8+CD62L+ 72.7 81.2 89.3 86.7 51.8 76.3±15.1 76.4 65.2 72.0 71.2±5.6 74.4±12.1
CD3+CD8+CD69+ 0.9 1.1 1.6 1.9 0.3 1.2±0.6 1.2 1.8 1.0 1.3±0.4 1.2±0.5
CD3+CD8+CD45RO+ 2 2.4 1.8 1.8 0.8 1.8±0.6 2.0 0.8 0.7 1.2±0.7 1.8±0.7
CD3+CD8+CD107a+ 0.9 0.5 0.8 0.5 0 0.5±0.4 0.2 0.7 0.2 0.4±0.3 0.5±0.3

CD3+CD4+CD8– 49.9 57.7 51.2 49.7 57.8 53.3±4.1 55.5 57.8 66.1 59.8±5.6 55.7±5.5
CD3+CD4+CD62L+ 47.3 56 73.8 66 43 57.2±12.8 49.1 48.6 47.8 48.5±0.7 54.0±10.7
CD3+CD4+CD69+ 1.1 2.3 3.8 4.2 1.7 2.6±1.3 2.0 4.0 2.7 2.9±1.0 2.7±1.2
CD3+CD4+CD45RO+ 2 1.7 2.3 2.4 1.1 1.9±0.5** 1.3 0.9 1.0 1.1±0.2** 1.6±0.6
CD3+CD4+CD107a+ 1.2 0.6 1.5 0.9 0.2 0.9±0.5 0.2 0.9 0.4 0.5±0.4 0.7±0.5



Hepatitis E virus worldwide genotype distribution
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Sporadic zone
Autochthonous hepatitis E is increasingly being 
recognized in developed countries[72]. These infections 
are caused by HEV-3 and HEV-4[73-77]. Around 50 to 
100 cases of hepatitis E are reported each from France, 

Germany, UK and many other European countries per 
year. Seroprevalence data show that these reported 
numbers are grossly lower than the actual disease 
load. Most HEV infections are unrecognized as these 
may not be tested or may be asymptomatic or 

Figure 4  Global distribution of hepatitis E disease. See text under “global distribution” for explanation.
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Figure 5  Global distribution of hepatitis E virus genotypes. See text under “global distribution” for explanation. 
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Khuroo MS et al . Hepatitis E

MS Khuroo et al.  World J Gastroenterol 2016 



Mikhail S Balayan
(1933–2000)

Hepatitis E virus discovery 
in a self-infection experiment in 1981



Non-human primates susceptible to HEV 

Common marmosets (Callithrix jacchus)

Rhesus monkeys (Macaca mulatta)

Cynomolgus monkeys
(Macaca fascicularis)



The current state of the development 
of  HEV vaccine

• HEV propagates poorly in cell culture — no perspectives for inactivated or 
attenuated vaccine

• HEV capsid protein is a main target for neutralizing antibodies and is a 
backbone for all HEV prototype vaccines

• The native HEV capsid protein contains conformational epitopes for 
neutralizing antibodies (C-terminus of the protein, aa 459–606) exposed on 
the surface of the virion

• At least 11 experimental recombinant vaccines were tested for efficacy in 
challenge experiments, only two vaccines were brought to the stage of 
clinical trials in humans

• Only one vaccine (Hecolin, HEV 239) was licensed in China for use in humans

• rHEV vaccine (56 kDA) developed by GlaxoSmithKline did not become 
commercially available



Common marmoset (Callithrix jacchus)
immunization design

Animal ID
Immunization 1 Immunization 2 Immunization 3

Booster 
immunization Challenge

Week 0 Week 3 Week 6 Week 17 Week 25

M1 20 µg/alum 20 µg/alum 20 µg/alum 20 µg/alum HEV Gt1

M2 20 µg/alum 20 µg/alum 20 µg/alum 20 µg/alum HEV Gt1

M3 20 µg/alum 20 µg/alum 20 µg/alum 20 µg/alum HEV Gt3

M4 20 µg/alum 20 µg/alum 20 µg/alum 20 µg/alum HEV Gt3

M5 alum alum alum alum HEV Gt1

M6 alum alum alum alum HEV Gt3



Challenge on week 8 after 
booster immunization

• Gt1 — human HEV, Gt3 — swine HEV

• Intravenous inoculation with HEV Gt1 or Gt3, 106 copies/ml

• Sterile 10% fecal suspension

• Inoculum volume: 1 ml (106 HEV RNA copies)

• HEV RNA in feces testing: daily (till week 9 post infection)

• Serum HEV RNA and anti-HEV testing: once weekly till week 9 
post infection



HEV RNA detection in feces

Week post 
infection

Animal  ID (vaccine/challenge)

M1 
(vaccine/
HEV Gt1)

M2 
(vaccine/
HEV Gt1)

M1
(vaccine/
HEV Gt3)

M1 
(vaccine/
HEV Gt3)

M1 (placebo/
HEV Gt1)

M1 (placebo/
HEV Gt3)

0 neg neg neg neg neg neg

1 neg neg neg neg neg neg

2 neg neg neg neg pos pos

3 neg neg neg neg pos pos

4 neg neg neg neg pos neg

5 neg neg neg neg pos neg

6 neg neg neg neg pos neg

7 neg neg neg neg neg neg

8 neg neg neg neg neg neg

9 neg neg neg neg neg neg



Conclusion

17

With the newly developed methods marmosets have become one of the 
most widely used and effective models for fundamental research and 
preclinical testing of immunobiological drugs
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