
NK cells efficiently reject lymphoma silenced for the endoplasmic 
reticulum aminopeptidase associated with antigen processing 

 
 
Loredana Cifaldi, Elisa Lo Monaco, Matteo Forloni, Ezio Giorda, Silvia Lorenzi, Stefania 

Petrini, Elisa Tremante, Daniela Pende, Franco Locatelli, Patrizio Giacomini, Doriana Fruci 

 

 

Supplementary Material and Methods 

 

Real-time PCR 

Total RNA was extracted with TRIzol Reagent (Invitrogen), retrotranscribed with Superscript II 

(Invitrogen), and amplified by real-time PCR. The murine GAPDH was used for normalization. 

 

Design of microRNA, plasmid construction and transfections 

miRNA with 100% homology to mouse ERAAP (NM_030711) were designed using the 

BLOCK-iT™ RNAi Designer (Invitrogen). Oligonucleotide pairs generated by the target 

sequence TGTAGGTGCTCTTATAGAATC (525-545) were cloned into the pcDNA6.2-

GW/EmGFP-miR vector using the BLOCK-iT Pol II miR RNAi Expression Kit. The 

pcDNA6.2-GW/EmGFP-miR-neg control plasmid was used as negative control. Each vector was 

transfected into RMA cells by electroporation. Following 15 days of blasticidin (Invitrogen) 

selection, GFP+ transfectants (typically 20%) were sorted and cloned. 

 

Antibodies and peptides 

mAbs K204 to H-2Kb and H-2Db and Y-3 to H-2Kb are secreted by hybridomas from the 

American Type Culture Collection (ATCC). mAb B22.249 to H-2Db was purchased from 

Cedarlane. mAbs to NK1.1 (PK136), CD4 (GK1.5) and CD8 (53-6-72) were kindly provided by 

G. Bernardini, C. Cerboni, F. Di Rosa and A. Santoni. Peptides SIINFEKL [H-2Kb-restricted, 



OVA257-264], ASNENMETM [H-2Db-restricted, Influenza NP366-374], and SLYNTVATL [HLA-

A*02-restricted, HIV p17 gag77-85] were purchased (>95% pure) from Anaspec. The substituted 

OVA-derived K7A peptide SIINFEAL was a kind gift of Dr. A. Achour. PE-CD45 (30-F11), 

APCCy7-CD3 (145-2C11), PECy5-CD8 (53-6.7), APC- and PECy7-NK1.1 (PK136), PECy5-

CD5 (53-7.3), APC-CD107a (1D4B), AlexaFluor-647-CD107a (1D4B), PE-Ly49C/I (5E6) and 

PE-IFN-γ (XMG1.2) were purchased from BD-Pharmingen. PE-CD4 (RM4-5), APC-Kb-

OVA257-264 (25-D1.16) and PE-IgFc (Fab’2) were purchased from Invitrogen, eBioscience and 

Dako, respectively. 

 

Flow cytometry, immunofluorescence, protein biochemistry and aminopeptidase activity  

Flow cytometry was performed on FASCalibur and FASCantoII (BD-PharMingen). Frozen 

tumor sections (5 µm) were fixed in cold absolute acetone, stained with specific mAbs and 

analysed in an Olympus Fluoview FV1000 confocal microscope. Representative samples from 

each tumor were stained with hematoxilin and eosin and observed by a medical pathologist in a 

blinded fashion (5 samples from distinct mice). Western blotting with the ERAAP antibody and 

microsomal aminopeptidase activity were performed as described. Pulse-chase and in vitro 

assembly were performed as described. 

 

In vivo tumor challenge, immuno-depletion and peritoneal clearance assay 

Tumor cells (104) were injected subcutaneously into the right flank of 6-8-week-old syngeneic 

C57BL/6 and C57BL/6 nude mice. Tumor growth was monitored every two days by measuring 

perpendicular diameters with a digital caliper. Tumor volume was estimated as d2 x D x 0.5, 

were d and D are the minor and major diameters, respectively. For ethical reasons animals were 

sacrificed when tumor reached a volume greater than 5 cm3. Mice with tumors less than 0.02 cm3 

were considered tumor-free in the Kaplan Meyer analysis. NK1.1+, CD4+ and CD8+ cells were 

depleted in vivo by intraperitoneal administration of 200 μg of PK136, GK1.5, or 53.6-72 at day 



-1, 0, 1, 3, 7 and 15 relative to tumor inoculation. Control mice received equivalent amounts of 

normal mouse IgG on the same days. Depletions were confirmed by flow cytometry on 

splenocytes 7, 15 and 45 days after tumor challenge. Residual NK and T cell populations were 

<0.01% and <2%, respectively. Mice treated with an irrelevant IgG demonstrated unchanged 

lymphocyte profiles. Alternatively, tumor cells (106) were injected intraperitoneally in C57BL/6 

mice. Apoptosis was evaluated with APC-AnnexinV (BD-PharMingen) and PI (Sigma-Aldrich). 

To detect peritoneal lymphocytes subsets, PE cells were preincubated with a blocking solution 

(Fc-Block antibody to CD16-CD32; BD-PharMingen), stained with specific antibodies and 

analysed in the gate of GFP- cells. 

 

NK functional assays  

NK cell cytotoxic activity was evaluated by a standard 5-h 51Cr release assay. The degranulation 

assay was performed by co-culturing target and effector cells at a 1:1 ratio for 6 h in the presence 

of GolgiStop (BD) and anti-CD107a. Effectors were either PE cells or NK1.1+CD3- splenic cells, 

enriched by negative immunomagnetic selection (Miltenyi Biotec), from mice injected with 200 

μg poly(I:C) 24 h. Following staining with mAbs to NK1.1 and CD3, cells were fixed and 

permeabilized with Cytofix/Cytoperm buffers (BD), and stained with anti-IFN-γ. 



Supplementary Figure legends 

 

Fig. S1 

ERAAP expression in RMA-siERAAP cell clones 

Real time PCR of ERAAP expression in RMA (-), RMA-scramble clone 1 (sc) and RMA-

siERAAP cell clones. GAPDH was used for normalization.  

 

Fig. S2 

Silencing of ERAAP affects MHC class I stability 

(A) Cells were metabolically labelled with 35S-methionine for 18 h, lysed, and either mock-

incubated (-) or incubated 3 h with 50 μg/ml each of the H-2Kb-restricted-OVA-derived peptide 

SIINFEKL (OVA257-264) and H-2Db-restricted Influenza A NP-derived peptide ASNENMETM 

(NP366-374) (+), at 4°C and 37°C. Immunoprecipitation was carried out with mAb K204 to both 

Kb and Db heavy chains (HC) in all lanes except the first lane of parental RMA cells (a negative 

control with an irrelevant antibody). Please note that in long metabolic pulses (18 h) RMA-S 

heavy chains match the size of parental RMA heavy chains, whereas in short pulses (compare 

with Fig. 2) they display a smaller size, presumably because chase into mature glycoforms 

requires longer times in the absence of TAP. Although the cells were labelled to a similar 

specific activity as compared with the cells in Fig. 2, K204 poorly immunoprecipitated MHC 

class I molecules. (B) Results of the experiment in Figure 2C are presented as percent recovery 

of mfi at different time points as compared with the untreated (no acid) samples.  

 

Fig. S3 

Silencing of ERAAP did not affect in vitro cell proliferation and apoptosis of RMA cells 

(A) In vitro cell growth of RMA (-), RMA-sc (sc) and RMA-siERAAP clone 22 (22) by cell 

counting. (B) Apoptosis of RMA-sc (sc) and RMA-siERAAP clone 22 (22) by Annexin V and 



PI staining and flow cytometry analysis. Mean ± SD of 5 experiments. (C) Single cell 

suspensions from tumors developed in mice sacrificed 12 days after challenge with the RMA-sc 

(sc) and the RMA-siERAAP clone 22 (22) were analysed by flow cytometry for the presence of 

CD8+ and NK1.1+ cells. Shown are the means ± SD from 2 independent animals. 

 

Fig. S4 

Contribution of NK cells to tumor rejection induced by ERAAP down regulation 

(A) C57BL/6 nude mice were challenged by subcutaneous inoculation of 104 RMA (-), RMA-S, 

RMA-sc (sc) or RMA-siERAAP clone 22 (22) cells. Tumor growth (mean ± SD of tumor size) 

was monitored every two-three days. Statistically significant differences between RMA-sc and 

RMA-siERAAP clone 22 are indicated by an asterisk. *, P = 0.007. (B) Kaplan-Meier analysis 

for overall survival. Results in (A) and (B) are representative of 2 independent experiments with 

10 mice for each group. 

 
Fig. S5 

Flow cytometry analysis of PE cell recovered from C57BL/6 mice injected with saline 

C57BL/6 mice were injected intraperitoneally with an irrelevant IgG, and then inoculated with 

saline. Total unfractionated PE cells were collected from mice 4 h after inoculation and analysed 

by flow cytometry. Gating is like in Fig. 6A. 


