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Additional File 2: Characterization of human CD27 knock-in mice
Generation and maintenance of human hCD27 knock-in mice.
Human CD27 KI mice (huCD27 KI; B6.Cg-Cd27tm1(Cd27)Jbo/Tac) were generated by
exchanging the extracellular domain of the mouse CD27 gene with the extracellular domain of
the human CD27 gene. The rationale for the design was to generate mice that had the entire
extracellular domain of endogenous mouse (m)CD27 encoded in exons 1-4 replaced by the
equivalent of human (h)CD27. The project (1453) was carried out by Ozgene (Ozgene Pty Ltd,
Bentley WA, Australia). The design of gene recombination is visualized in Supplementary
Figure 1A. Gene targeting was performed in C57BL/6 ES cells and recombinant clones were
selected on basis of neomycin resistance, by virtue of presence of the Neo gene in the targeting
construct. Successful recombination was diagnosed by PCR, using primer_01F
AGTGACTCGGTACAAGCAGTTG and primer_02R GGTATACAGGGATCACACTGAG to
identify a 406 bp WT sequence originating from the ATG start site and primer_01F
AGTGACTCGGTACAAGCAGTTG and primer_03R CAGAAGGAAGATTCATGGGTTCAG
specific for the Neo sequence to identify a 717 bp recombinant sequence. After transgenesis,
chimeric mice, identified by coat color were bred to heterozygosity. Subsequently, these
WT;Neo transgenic mice were bred with OZFlp deleter mice to remove the Neo sequence by
Flp-mediated recombination (FRT: recognition site for the recombinase). The colony was
maintained on a C57BL/6 background by breeding heterozygous WT;hCD27KI mice to have
littermate WT and homozygous hCD27KI mice for side-by-side analysis. In this breeding, WT,
heterozygous and homozygous hCD27KI mice were diagnosed by flow cytometry with antibody
LG.3A10 or LG.7F9 that recognize both mouse and human CD27 and antibody hCD27.151 that
specifically recognized human CD27. Experiments were performed with gender- and age
matched mice (8-12 weeks), according to national and institutional guidelines.

Cell isolation and flow cytometry.
Blood was collected from the tail vein in Microvette CB 300 LH tubes (Sarstedt). Spleens
were passed through a 70 mm cell strainer (BD Falcon). Red blood cells were lysed in 0.14 M
NH4Cl, 0.017M Tris-HCl, pH 7.2 for 1 min at room temperature. Next, cell samples were
centrifuged for 4 min at 400g, re-suspended in FACS buffer (PBS with 2% FBS (Antibody
Production Services Ltd.)) and stained with relevant antibodies and home-made APC-conjugated
H-2Db/E749-57 tetramers for 30 minutes at 4°C. Fluorochrome-labeled mAbs used were: antimouse CD3 (145-2C11), anti-human CD27 (clone CD27.15), anti-mouse CD8 (53-6.7), antimouse CD4 (GK1.5), anti-mouse TCR gamma/delta (GL3), anti-mouse B220 (RA3-6B2), all
from eBioscienceTM or BD Biosciences. Intracellular Foxp3 staining was performed after cell
fixation and permeabilization using the Foxp3/Transcription Factor Staining Buffer Set
(eBioscienceTM). Flow cytometry was performed using LSR II (BD Biosciences) or Dako
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Cytomation Cyan cytometers. Data were analyzed using FlowJo software (TreeStar Inc.). Human
CD27 expression was established on peripheral lymphocytes (Additional file 2 Figure 1B). No
differences were observed in the cellular composition of spleen between WT or homozygous
hCD27KI mice (Additional file 2 Figure 1C). Splenocytes were stained for CD27 using
fluorochrome-labeled LG.3A10 antibody (mouse and human CD27 cross-reactive) and
RM27.3E5 antibody (specific for mouse CD27). As expected, LG.3A10 detected similar levels
of combined mouse and human CD27 on CD4+ and CD8+ T cells from WT and heterozygous
hCD27KI mice, while RM27.3E5 showed reduced mouse CD27 expression in hCD27KI mice
(Additional file 2 Figure 2A).
Intra-epidermal DNA “tattoo” vaccination.
To show that T-cell activation in vivo was similar between WT and hCD27KI mice, mice
were anaesthetized and the thigh was depilated with cream (Veet, Reckitt Benckiser). A 15 l
drop of a 2 mg/ml plasmid (p)DNA solution in endotoxin-free water (B Braun Melsungen AG)
was applied to the hairless skin and delivered into the epidermis with a permanent make up tattoo
device (MT Derm GmbH), using a sterile disposable 9-needle bar with a needle depth of 1 mm
and oscillating frequency of 100 Hz for 45 s. The pDNA used encodes the human papillomavirus
E7 protein in a gene-shuffled configuration, in conjunction with strong helper epitopes. The E7
protein contains an immunodominant epitope that can be detected by H-2Db/E749-57 MHC
tetramers. In this methodology, mice are vaccinated three times on day 0, 3 and 6 and the T cell
response is followed in blood and organs of interest by flow cytometry. For further details see
(refs) 2,3. No functional differences were observed between WT and CD27KI mice (Additional
file 2, Figure 1D).
Human CD27-specificity of hCD27.131A-mediated co-stimulation of mouse splenocytes.
Mouse splenocytes isolated from WT, hCD27KI heterozygous and homozygous mice were
cultured for 4 days in the presence of 0.1 μg/mL anti-CD3 antibody (145-2C11) plus antimCD27 (RM27.3E5), anti-hCD27 hCD27.131A-hIgG1 chimeric antibody at a dose range of 0.1,
1.0 and 10.0 µg/ml, or mCD70-Fc at 0.005, 0.05 and 0.5 µg/ml. Cultured splenocytes were
stained with propidium iodide (0.5 µg/ml) and analyzed using a FACS Canto II. Activated T
cells were defined by being propidium iodide negative and high in forward scatter. As
demonstrated in Additional file 2 Figure 2B, while mCD70-Fc was able to stimulate T-cells
derived from WT and hCD27KI heterozygous or homozygous mice in presence of anti-CD3
antibody, anti-mCD27 was only able to stimulate T-cells from WT and hCD27KI heterozygous
mice, while hCD27.131A-hIgG1 activated only T-cells isolated from hCD27 KI mice
(heterozygous or homozygous).
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