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Abstract   

The coatomer protein complex zeta 1 (COPZ1) represents a non-oncogene addiction for thyroid 

cancer (TC); its depletion impairs the viability of thyroid tumor cells, leads to abortive autophagy, 

ER stress, UPR and apoptosis, and reduces tumor growth of TC xenograft models. In this study we 

investigated the molecular pathways activated by COPZ1 depletion and the paracrine effects on 

cellular microenvironment and immune response. By comprehensive and target approaches we 

demonstrated that COPZ1 depletion in TPC-1 and 8505C thyroid tumor cell lines activates type I 

IFN pathway and viral mimicry responses. The secretome from COPZ1 depleted cells was enriched 

for several inflammatory molecules and damage-associated molecular patterns (DAMPs). 

Moreover, we found that dendritic cells, exposed to these secretomes, expressed high levels of 

differentiation and maturation markers, and stimulated the proliferation of naïve T cells. 

Interestingly, T cells stimulated with COPZ1-depleted cells showed increased cytotoxic activity 

against parental tumor cells. Collectively, our findings support the notion that targeting COPZ1 may 

represent a promising therapeutic approach for TC, considering its specificity for cancer cells, the 

lack of effect on normal cells, and the capacity to prompt an anti-tumor immune response. 

 

Key words: COPZ1, type I IFN, inflammation, immunogenic cell death, thyroid cancer 
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1. Introduction 

Coatomer protein complex zeta 1 (COPZ1) belongs to the heptameric coatomer protein 

complex I (COPI), which is involved in assembly of coated vesicles on Golgi membranes, 

retrograde transport of proteins in the ER-Golgi secretory pathway, endosome maturation, 

autophagy [1;2], viral infection [3], and lipid homeostasis [4]. Members of the COPI complex have 

been recently proposed as therapeutic targets in cancer such as COPA for mesothelioma, COPB2 

for colorectal cancer, lung adenocarcinoma, cholangiocellular carcinoma, and gastric cancer [5-10].  

Few investigations have dealt with the role of COPZ1 in cancer. It has been proposed as a 

vulnerability for several tumor cell types, i.e. prostate, breast, and ovarian carcinoma; tumor cell 

dependence on COPZ1 is related to the downregulation of the isoform COPZ2, wherein normal 

cells are not sensitive to COPZ1 inhibition [11].  

We have recently demonstrated that COPZ1 represents a vulnerability also for thyroid 

cancer (TC), since it is required for the viability of different TC cell lines but not of normal 

thyrocytes. Moreover, COPZ1 is not mutated in PTC and its expression is only slightly reduced 

with respect to normal thyroid [12;13]. The evidence that it is essential for tumor but not for normal 

cells, and the absence of mutation or aberrant expression in tumors, renders COPZ1 as a good 

example of non-oncogene addiction [14] for TC cells.  

TC represents the most frequent endocrine cancer, with a rapidly increasing incidence in 

recent years [15]. The majority of TC originates from epithelial cells and includes well 

differentiated papillary (PTC) and follicular (FTC) carcinoma, poorly differentiated (PDTC), and 

undifferentiated anaplastic carcinoma (ATC). Most thyroid cancers are effectively curable by 

thyroidectomy, thyroid-stimulating hormone suppression, and ablation of residual tissue using 

radioactive iodine 131 (RAI) [16], with an excellent prognosis consisting of an overall survival rate 

of 85% at 10 years [17]. However, local recurrence occurs in up to 20% of patients and distant 

metastases, found in approximately 10% of patients at 10 years, are incurable since they poorly 

concentrate RAI. Furthermore, patients with PDTC and ATC have unfavourable prognosis, with 
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survival reduced to a few months after diagnosis for ATC [18;19]. Even though much progress has 

been made in the treatment of thyroid cancer thanks to the development of a variety of molecular-

targeted agents [16], no effective therapeutic options are available for patients with advanced 

thyroid cancer that is resistant to therapy, indicating the need for new intervention strategies.  

We have recently proposed COPZ1 as a therapeutic target for thyroid carcinoma. COPZ1 

depletion affects the viability of thyroid tumor cells, and this is associated with abortive autophagy, 

ER stress, unfolded protein response (UPR), and apoptosis [13]. Moreover, local treatment with 

siRNA oligos targeting COPZ1 reduces tumor growth of TC xenograft models [13]. Even though 

we partially elucidated the mechanisms and pathways that are activated in tumor thyroid cells upon 

COPZ1 depletion, herein we aimed at investigating the cross talk between cell death and tumor 

microenvironment, focusing on the effects on immune response. 

Type I IFN represents the first host defence mechanism against viral infections, and also 

contributes to innate and adaptive immune responses [20]. Type I IFN expression is rapidly and 

transiently triggered upon recognition of specific pathogen-associated molecular patterns (PAMPs), 

mainly nucleic acids, associated with infectious agents, and by damage-associated molecular 

patterns (DAMPs) derived from stressed or dying cells [21]. A large body of evidence shows that 

these danger signals share a common key homeostatic process that involves the ER and its response 

to stress stimuli [22;23]. 

Since COPZ1 silencing causes ER stress in thyroid tumor cells [13], we investigated in 

depth these issues, focusing on the activation of the type I IFN response, and its paracrine effects on 

cellular microenvironment and immune response. On this basis, targeting COPZ1 might share the 

efficacy of several therapeutic strategies, such as chemotherapy and radiotherapy, which relies on 

ER stress and type I IFN production in promoting growth inhibition of tumor cells and anti-tumor 

immune responses [22;24].  
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2. Materials and methods 

2.1 Cell lines and conditioned media 

TPC-1 and BCPAP (papillary thyroid carcinoma), and 8505C (anaplastic thyroid carcinoma) 

cells were obtained from Prof. A. Fusco (University Federico II, Naples, IT); Nthy-ori 3–1 cell line 

(SV-40 immortalized normal human thyroid follicular cells) was purchased from European 

Collection of Cell Cultures (ECACC) (Salisbury, UK); THP-1 cells (acute monocytic leukemia) 

were purchased from ATCC (Manassas, VA, USA). Cells were cultured as reported in [12;25]. 

Thyroid cell lines were genotyped at the Fragment Analysis Facility of Fondazione IRCCS Istituto 

Nazionale dei Tumori, using Stem Elite ID System (Promega Corporation, Madison, USA) 

according to the manufacturer’s instructions and ATCC guidelines. The profiles obtained matched 

to their original profiles [26;27]. Mycoplasma contamination was tested periodically and was 

negative in all cell lines (PCR Mycoplasma Detection Set, TAKARA Bio Inc). Conditioned media 

(CM), obtained by incubating subconfluent cultures for different times after siRNA transfection, 

were collected, centrifuged, passed through 0.20 µm filters, and stored at - 80 °C until use.  

 

2.2 siRNA transfection 

siRNA transfection was performed using 20 nM of siRNA oligos (siCOPZ1:MISSION esiRNA 

EHU1040461, siRNA Universal Negative Control #1 SIC001, Sigma-Aldrich, St. Louis, MO, 

USA) and the Lipofectamine RNAiMAX reagent (Invitrogen Life Technologies, Carlsbad, CA, 

USA), according to manufacturer's instructions. Where indicated, cells were transfected with 

siRNA oligos targeting COPZ1 (4457308, Ambion® ID s22427, Thermo Fisher Scientific, 

Waltham, MA USA) and with non-targeting oligos (4457289, Ambion® In Vivo Negative Control 

#1 siRNA) as a control. 

 

2.3 RNA extraction and Gene Expression Profiling  
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Total RNA samples were extracted using the NucleoSpin®RNA isolation kit (Macherey-

Nagel, Duren, Germany). RNA samples were processed for assessing COPZ1 silencing by Real 

Time PCR (see paragraph 2.5) and for global gene expression profiling (GEP) with GeneChip® 

Human Gene 2.0 ST arrays (Affymetrix Inc., Santa Clara, CA), according to the manufacturer’s 

instructions. Normalized expression values and annotation were obtained as previously described 

[28]. Most variable transcripts out of 18 642 specific genes across the entire panel were analyzed by 

applying hierarchical agglomerative clustering using Pearson's correlation and average linkage 

methods, using DNA-Chip Analyzer software [29], as previously reported [30]. Supervised analyses 

were carried out as stated in [31]. The resulting list of differentially expressed genes was 

investigated using the Database for Annotation, Visualization and Integrated Discovery (DAVID) 

6.8 tool (https://david.ncifcrf.gov/). Functional annotation clustering was performed on Gene 

Ontology (GO), Biological Process (BP), Molecular Function (MF) and Cellular Components (CC) 

terms at high classification stringency and significant annotation clusters (Enrichment Score, ES> 

2) were selected and representative GO terms. Global functional annotation studies were performed 

in TPC-1 cells, at 72 h after siRNA transfection, using the Gene Set Enrichment Analysis (GSEA) 

[32] on KEGG, Reactome and Hallmark gene set collections (v 6.2), respectively (nominal p-value 

<0.05 and FDR q-value < 5%, after 500 gene set permutations). Data have been deposited in Gene 

Expression Omnibus (GEO) database and are accessible under GSE133485 number. 

 

2.4 Nano-scale LC-MS/MS analysis  

Samples were managed and analyzed following the methodology used in [33]. An ANOVA 

test (false discovery rate 0.05) was carried out to identify proteins that were differentially in siNT 

and siCOPZ1 cells at 48 h. Differential expression was considered as significant if a protein was 

present only in siNT or siCOPZ1 cells or its normalized intensity (according to the LFQ algorithm) 

resulted in a significant difference, as calculated by Welch’s t-test (FDR 0.05). The MS proteomics 

data have been deposited in the ProteomeXchange Consortium via the PRIDE partner repository 
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[34]. Pathway enrichment analysis was performed using The Molecular Signatures Database 

(MSigDB) collection (http://software.broadinstitute.org/gsea/msigdb/index.jsp) using Reactome 

gene sets. Gene sets with an FDR < 0.05 were considered significant. The Search Tool used for the 

prediction of protein–protein interactions focusing on experimentally verified protein-protein 

interactions was ToppCluster (https://toppcluster.cchmc.org/) [35]. Proteomic data have been 

deposited in the ProteomeXchange Consortium via the PRIDE partner repository with the dataset 

identifier PXD014423. 

 

2.5 Real-time PCR 

RNA was extracted as described above and reverse transcriptase-PCR was performed as 

previously described [36]. For real-time PCR analysis 20 ng of retrotranscribed RNA were 

amplified in PCR reactions carried out in triplicate on an ABI PRISM 7900 using the following 

TaqMan gene expression assays (Applied Biosystem, Foster City, CA): Hs01023197_m1 (COPZ1), 

Hs01061436_m1 (DDX58), Hs01675197_m1 (IFIT1), Hs00895608_m1 (MX1), Hs00242943_m1 

(OAS1), Hs01013996_m1 (STAT1), Hs00185375_m1 (IRF7), Hs00192713_m1 (ISG15), 

Hs01551078_m1 (TLR3), Hs02800695_m1 (HPRT1), used as a housekeeping gene for 

normalization among samples. Expression of immune-inflammatory related genes (Supplementary 

Table I) was analyzed by a customized TaqMan Low Density Array (Applied Biosystems) using 2 

ng of retrotranscribed RNA as template. Data analysis was performed using SDS (Sequence 

Detection System) 2.4 software. 

 

2.6 Western blot analysis 

Western blot analysis was performed as previously described [36], using the following 

antibodies: anti-RIG-1 (sc-376845 (D-12), anti-COPZ1 (sc-398081 (B-12) from Santa Cruz 

Biotechnology, Inc. (Dallas, TX, USA); anti-MX1 (37849S), anti-p-STAT1 (7649), anti-p-

TBK1/NAK (5483), anti-TBK1/NAK (51872) from Cell Signaling Technology Inc (Danvers, 
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MA,USA); anti-STAT1 (610186) from BD Biosciences (San Jose, CA, USA); anti-IL6 (ab6672), 

anti-IL8 (ab18672), anti- IL1β (ab9722), anti-calreticulin (ab92516), anti-HMGB1 (ab18256) from 

Abcam (Cambridge, UK); anti-γH2AX (A300-081A-M) from Bethyl Laboratories (Montgomery, 

TX, USA); anti-β-actin (A2066) from Sigma-Aldrich, (St Louis, Mo, USA). Membranes were 

stained with Ponceau S solution (Sigma-Aldrich) before antibody incubation for checking protein 

loading. 

 

2.7 ATP assay 

Extracellular ATP levels were measured in conditioned media using the bioluminescence 

Molecular Probes® ATP Determination Kit (A22066) (ThermoFisher Scientific, Waltham, MA 

USA) according to the manufacturer’s instructions. Luminescence was measured on a microplate 

reader (TecanUltra, Tecan Trading AG, Switzerland). 

  

2.8 Enzyme-linked immunosorbent assay (ELISA) 

Quantification of cytokines in conditioned media was performed by commercially available 

ELISA according to the manufacturer’s instructions: IFNβ (DIFNB0), CXCL10 (DIP100) from 

R&D Systems (Space Import, Milan, Italy); IL1α, IL1β, IL2, IL4, IL5, IL6, IL8, IL10, IL12, IL13, 

IL17α, GM-CSF (Multi-Analyte ELISArray Kit MEH-0066 (336161) from Qiagen Sciences 

(Maryland, USA). Cytokine levels were determined by evaluating absorbance at 450 nm on a 

microplate reader (TecanUltra, Tecan Trading AG, Switzerland).  

 

2.9 Flow cytometry 

In order to detect surface calreticulin, cells were harvested and incubated for 15 min with the 

zombie dye (Zombie Aqua™ Fixable Viability Kit (423102) BioLegend San Diego, CA, USA) to 

assess live vs. dead cells. Cells were then washed and incubated for 30 min with the anti Alexa 

Fluor® 488 conjugate calreticulin antibody (#62304, (D3E6) or isotype control (#2975, DA1E) 
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(Cell Signaling Technology Inc, Danvers, MA, USA) following the manufacturer’s instructions. 

Cells were then analyzed with a BD FACSCanto™ instrument (BD Biosciences San Jose, CA, 

USA). The gating strategy is provided in Supplementary Fig. S4. 

 

2.10 Maturation of THP-1 on dendritic cells 

THP-1 cells were cultured as reported in [25] to obtain a population of immature dendritic 

cells (iDCs). Briefly, THP-1 cells were seeded at a concentration of 1.75 x 105 cells/mL in 10% 

FBS-RPMI 1640 containing 100 ng/mL GM-CSF (Peprotech, RockyHill, CT, USA) and 100 ng/mL 

IL-4 (Sigma-Aldrich, St Louis, Mo, USA). THP-1 cells were cultured for 5 days and the medium 

was replaced every two days. iDCs were then cultured for supplementary 3 days in 50% of CM 

from siCOPZ1 or siNT TPC-1 cells, harvested 72 h after siRNA transfection. As a positive control 

for DC maturation, iDCs were cultured for 3 days in 10% FBS-RPMI 1640 containing 100 ng/mL 

GM-CSF, 200 ng/mL IL-4, 20 ng/mL TNF-α (Sigma-Aldrich) and 200 ng/mL ionomycin 

(Calbiochem, Merck, Germany). DCs were assessed by FACS for expression of differentiation and 

maturation markers [37] using the following antibodies: PE Mouse Anti-Human CD11c and BB700 

Rat Anti-CD11b, BB515 Mouse Anti-Human CD80, BV650 Mouse Anti-Human CD86, BV421 

Mouse Anti-Human CD83, APC Mouse Anti-Human HLA-DR (BD, Biosciences., San Jose, CA, 

USA). Cells were analyzed with a BD FACSCelesta™ instrument (BD Biosciences) and FlowJo 

software (TreeStar, Ashland, OR, USA). 

 

2.11 Ex vivo isolation of T-cells and proliferation assay  

Human T cells were isolated by negative selection with the Dynabeads untouched human T 

cells (11344D, Thermo Fisher Scientific, Waltham, MA USA) from the leukocyte-rich component 

(buffy coat) of blood healthy donors using a protocol approved by the Ethics committee of the 

Fondazione IRCCS Istituto Nazionale dei Tumori, Milan, Italy. An informed consent was obtained 

from all donors. Cells were then labeled with CFSE (Cell Trace CFSE Cell Proliferation Kit, 
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Thermo Fisher Scientific) according to the manufacturer’s recommendations, and cultured for 4 

days in complete RPMI 1640 at 1×105 cells/well in 96-well U-bottom plates in the presence of anti 

CD3/CD28 Dynabeads (11132D, Thermo Fisher Scientific) and 50% CM from DCs pulsed with 

CM from TPC-1 silenced for COPZ1 or control. Proliferation of T cells was evaluated after 4 days 

of culture, when two clearly distinct fractions of proliferating (CFSE-“low”) and non-proliferating 

(CFSE-“high”) were detectable. Just before analysis, cells were stained with BV786 Mouse Anti-

Human CD3 antibody (BD Biosciences, San Jose, CA, USA) for 25 min on ice. Flow cytometric 

analysis was performed using a FACSCelesta™ instrument (BD Biosciences, San Jose, CA, USA) 

and FlowJo software (TreeStar, Ashland, OR, USA ). 

 

2.12 In Vitro Cytotoxicity Assay 

T cell-mediated cytotoxicity was determined by 51Cr release assay. Briefly, TPC-1 cells, 48 h after 

siRNA transfection, were exposed to 1 Gy of irradiation delivered as a single dose using the 137Cs γ-

irradiator IBL-437 (dose rate 5.2 Gy/min), and and co-cultured for 6 days with PBMCs derived 

from buffy coats of blood healthy donors. Then, media were harvested and processed for T cell 

isolation as described above. For the cytotoxicity assay, parental TPC-1 cells were labeled with 100 

µCi 51Cr (Perkin-Elmer, Waltham, MA, USA) for 1 h at 37°C, washed 3 times with PBS-5% FCS, 

and resuspended in DMEM, containing 10% FBS. T cells were then co-incubated with 51Cr-labeled 

TPC-1 cells at a target: effector ratio of 1:50 and 1:100 in triplicate in 96-well U-bottomed plates 

for 4 h at 37°C. The radioactivity in the supernatant (100µl) was measured on a Trilux Beta 

scintillation counter (PerkinElmer, Waltham, MA, USA). Percentage specific lysis was calculated 

as: 100 x (experimental Counts per Minute (cpm)- spontaneous cpm)/(maximum cpm-spontaneous 

cpm).  

2.13 Statistical analysis 
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All statistical analyses were performed using GraphPad Prism software (version 5.02). 

Groups were compared using the two-tailed unpaired/paired Student’s t-test and non parametric 

Wilcoxon test. P-values < 0.05 were considered significant.  
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3. Results 

3.1 Gene expression profiling of COPZ1-depleted thyroid cancer cells 

We characterized the transcriptional landscape in thyroid cancer cells depleted of COPZ1. In 

details, we performed a global gene expression profiling (GEP) by microarray analysis comparing 

COPZ1-depleted (siCOPZ1) and control (siNT) TPC-1 (papillary thyroid tumor cell line) at 48 h 

and 72 h post-siRNA transfection. The same analysis was performed in Nthy-ori 3-1 (immortalized 

normal human thyrocytes), whose growth is not affected by COPZ1 silencing [12;13]. Hierarchical 

clustering of the 857 most variable genes across the entire dataset revealed very similar gene 

expression patterns in normal thyrocyte samples, irrespective of COPZ1 silencing. TPC-1 samples 

at 72 h of COPZ1 depletion were grouped in a sub-cluster, distinct from 48 h COPZ1-silenced or 

control siNT samples (Fig. 1A). In order to define patterns potentially associated with COPZ1 

depletion in thyroid tumor cells, COPZ1-silenced TPC-1 cells were compared to siNT control at 

both time points. Supervised analysis by Significant Analysis of Microarray (SAM) software 

identified 99 significantly differentially expressed genes, almost all (97%) of which were up-

regulated, whereas 6 genes, including COPZ1 as expected, were down-regulated (Fig. 1B and 

Supplementary Table II). Functional annotation clustering by DAVID 6.8 was applied on the 

identified gene list, thus showing 17 significant annotation clusters associated with unfolded protein 

response, protein transport or localization, vesicle coating and transport, regulation of cytokine 

production or apoptotic pathway (Table I). On the contrary, no peculiar gene expression profiles 

were observed in COPZ1-silenced Nthy-ori 3-1 cells vs. control (data not shown).  

Additionally, to identify a priori defined sets of genes showing a concordant modulation in 

silenced vs control phenotypes, Gene Set Enrichment Analysis (GSEA) was applied on global gene 

expression profiles of TPC-1 72 h post-transfection by interrogating different collections of gene 

sets (KEGG, Hallmark, Reactome) (Supplementary Table III). Several up-regulated gene sets, most 

of them already modulated at 48 h post-transfection, resulted significantly associated with unfolded 
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protein response, DNA replication, cell cycle regulation, chromosome maintenance, spliceosome 

components, inflammatory response, and cytokine signaling pathways.  

The enrichment plots of selected top significant gene sets are shown in Fig. 1C, and the 

corresponding gene lists are reported in Supplementary Table IV. These results indicate that, at the 

transcriptional level, COPZ1 silencing is strongly associated with ER stress and the onset of an 

inflammatory response. 

 

3.2 Proteome analysis of COPZ1-depleted thyroid cancer cells 

To characterize deregulated proteins and gain information on potential adaptive responses 

and stress pathways in COPZ1-depleted TPC-1 cells, we performed label-free quantitative 

proteomic analysis of total proteins at 48 h post-siRNA transfection. We found a total of 2 057 

proteins and ANOVA test (FDR < 0.05) was carried out to identify proteins that were differentially 

expressed between siNT and siCOPZ1 samples. The Venn diagram in Fig. 2A shows that 177 

proteins were differentially expressed in siCOPZ1 cells, of which 97 were down-regulated and 80 

up-regulated. A subset of 124 proteins was exclusively detected in siNT cells and a subset of 148 

proteins was exclusively found in siCOPZ1 cells. The Volcano plot in Fig. 2B shows the 

differentially expressed proteins based on fold change vs t-test probability (Welch difference). 

Interestingly, among the top significant upregulated proteins, we found: H2AX, involved in DNA 

repair, replication and chromosomal stability, transcription regulation, whose increased expression 

has been also documented by western blot (Fig. S1); ISG15 and MAVS (mitochondrial antiviral 

signaling), both involved in innate response to viral infection.  

Using the Molecular Signature Database from GSEA website, we interrogated gene sets 

derived from the Reactome pathway database, considering the proteins expressed at the highest 

levels (80 plus 148) in COPZ1-silenced TPC-1 cells. Among the up-regulated pathways (FDR q-

values < 0.05), functions related to the immune system, immune cytokine signaling, and interferon 

signaling were found to be over-represented (Fig. 2C). In order to reveal potential hidden relations 
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between pathway members, we performed a network analysis using some of the significant 

Reactome pathways as input and TOPPcluster software, considering enriched terms from Gene 

Ontology and pathways.  

As summarized in Fig. 2D, the proteomic profiling of COPZ1-silenced TPC-1 cells 

highlighted deregulated proteins and functional networks related to response to stress and cytokines, 

innate immune response, type I IFN signaling, and regulation of viral life cycle. 

 

3.3 COPZ1 depletion activates the type I interferon response  

The results described above suggest that COPZ1 silencing may prompt an inflammatory 

program, possibly mirroring a viral infection that involves the type I IFN pathway. To test this 

issue, we measured the expression of the Toll-like receptor 3 (TLR3), as well as selected genes that 

exert a pivotal role in response to infection, in both COPZ1-depleted TPC-1 and 8505C (anaplastic 

thyroid carcinoma) cells. Real-time PCR showed that TLR3 transcript levels were increased in both 

COPZ1-silenced cell lines vs. controls. A similar trend was seen for DDX58, MX1, OAS1, and 

several IFN stimulated-genes (ISGs), such as STAT1, IRF7, and ISG15 (Fig. 3A). Western blot 

documented a strong increase in protein levels of RIG-1 (retinoid acid-inducible gene I, encoded by 

DDX58) and MX1 (Myxovirus resistance protein 1), a dynamin like GTPase protein with a broad 

antiviral activity (Fig. 3B). TLR3 and RIG-1, through the involvement of adaptor molecules such as 

TRIF and MAVS, respectively, activate TBK1 (TANK-binding kinase 1), which mediates 

phosphorylation and activation of the transcription factors IRF3 and IRF7, and NF-kB, required for 

IFNβ production [38]. In line with the activation of these sensors, we observed an increased level of 

Ser172-pTBK1 (Fig. 3D). To obtain a broader view of the effect of COPZ1 silencing on type I IFN 

response genes, we performed gene expression analysis using a customized TaqMan Low Density 

Array containing 40 genes related to this pathway, including six of seven genes in Fig. 3A. 

Interestingly, COPZ1 silencing led to an increase in the level of several ISG transcripts, such as 

MX1, MX2, NF-kB, OAS1, OAS3, OASL, STAT1, STAT2, IFIH1, IFIT1, IFIT2, IFNB1, IRF1, IRF3, 
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and IRF7 (Fig. 3D, Fig.S2C). Similar results were obtained in an additional PTC-derived cell line, 

namely BCPAP (Fig. S3C). 

 

3.4 COPZ1 depletion is associated with type I IFN-induced inflammation  

Activation of IRF3/NF-kB leads to secretion of IFNβ, which activates the JAK/STAT 

signaling pathway, triggering autocrine and paracrine circuitries resulting in production of IFNs, 

induction of ISGs, and the release of inflammatory molecules [39]. Indeed, high levels of IFNβ in 

both COPZ1-silenced TPC-1 and 8505C cell cultures were measured by ELISA, which were 

undetectable or very low in siNT cells (Fig. 4A). Moreover, the levels of Tyr701-pSTAT1 and total 

STAT1 were increased in COPZ1-silenced cells (Fig. 4B). Since type I IFN induces the 

transcription of pro-inflammatory molecules, we analyzed the cytokine/chemokine mRNA profiles 

using a TaqMan Low Density Array scoring 36 genes mainly involved in inflammation. Notably, in 

both COPZ1-silenced cell lines, we observed strong upregulation of genes encoding for 

inflammatory cytokines and chemokines, among which the inflammatory cytokines IL-1α, IL-1β, 

IL-6, TNFα, and CCL5/RANTES, and the chemotactic factors CXCL1, CXCL8, CCL20, CCL3, 

and GM-CSF (Fig. 4C, Fig. S2C). Using a multi-analyte ELISA assay, we characterized the 

secretome of COPZ1-depleted tumor cells, focusing on a panel of cytokines known to be involved 

in inflammatory processes. In accordance with what observed at the transcriptional level, a marked 

increase of IL-1α, IL-1β, IL-6 and GM-CSF was found in both COPZ1-depleted cell lines (from 20 

to 70 fold vs. control) with some differences between the two cell lines (Fig. 4D). The presence of 

IL-1β, IL-6, and IL-8 in secretomes was further confirmed by western blot (Fig. 4E, Fig. S2D), also 

in BCPAP cells (Fig. S3D). It is known that type I IFN can induce CXCL10, an essential 

chemokine responsible for the recruitment of anti-tumor immune cells [40]. Indeed, we found that 

silencing of COPZ1 induced accumulation of the CXCL10 transcript (Fig. 4C), and a CXCL10 

secretion as assessed by ELISA (Fig. 4F). 
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All together, these studies revealed marked increased expression and secretion of several 

pro-inflammatory molecules in cells depleted of COPZ1. 

 

3.5 COPZ1 silencing is associated with immunogenic cell death 

The link between the type I IFN pathway and immunogenic cell death (ICD) is well 

established [41]. A key feature of ICD is the rapid surface exposure of calreticulin (ecto-

calreticulin), early secretion of ATP, and the release of proteins such as high mobility group box 1 

(HMGB1), all known as damage-associated molecular patterns (DAMPs) [42]. To assess whether 

cell death induced by COPZ1 depletion promotes production of DAMPs, we silenced COPZ1 in 

TPC-1 and 8505C cells and monitored surface exposure of calreticulin by flow cytometry in time-

course experiments. For both siNT cell lines, the majority of cells, which were essentially alive over 

time, poorly expressed ecto-calreticulin (CRT). In contrast, in COPZ1-depleted cells, a consistent 

increase in percentage of viable cells expressing ecto-calreticulin (from 6.13 to 29.40% for TPC-1 

and from 0.56 to 46.1% for 8505C) was observed, with a concomitant decrease of viable cells, as 

expected by COPZ1 depletion (Fig. 5A). As reported in Fig. 5B, the overlay histogram plots 

showed a consistent increase of the mean fluorescence intensity in COPZ1-depleted cells as 

compared to the control. The gating strategy to analyze ecto-CRT expression is reported in Fig. S4. 

Of note, in the conditioned medium (CM) from COPZ-1 silenced cells, calreticulin and 

HMGB-1 were strongly increased at 72 h, even though the amount of the protein in total extracts 

remained constant (Fig. 5C, Fig. S2D). Similar results were obtained in COPZ1-depleted BCPAP 

cells (Fig. S3D). As shown in Fig. 5D, COPZ1-depleted cells also secreted higher amounts of ATP 

in comparison to control cells.  

These results indicate that thyroid tumor cells produce DAMPs upon depletion of COPZ1. 

 

3.6 COPZ1-induced cell death promotes dendritic cell maturation and cytotoxic T cell 

response 
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The production of DAMPs by COPZ1 depleted cells indicates the occurrence of ICD. We 

next investigated whether COPZ1-depleted cells have the ability to stimulate and activate innate 

immune cells, notably dendritic cells (DCs), which have the potential to cross prime adaptive 

immune responses (mainly T cells) [43]. For this purpose, we first investigated the effect of CM 

from COPZ1-depleted cells, enriched with DAMPs, to promote DC maturation in vitro. Immature 

DCs (iDCs) were derived from THP-1 cells (acute monocytic leukemia) and were exposed for 3 

days to CM obtained 72 h after transfection of TPC-1 cells with siCOPZ1 or siNT oligos. As a 

positive control for expression of maturation markers, a fraction of iDCs was cultured with 

appropriate maturation stimuli [25]. FACS analysis revealed that, similar to cells exposed to 

maturation-inducing stimuli, iDCs cultured in the presence of CMs up-regulated CD11b and 

CD11c, which are markers of DC lineage (Fig. 6A). Analysis of the expression of CD80, CD83, 

CD86, and HLA-DR maturation markers revealed an up-modulation of all these markers on iDCs 

exposed to CM from siCOPZ1-TPC-1 cells compared to iDCs exposed to CM from siNT-TPC-1 

cells (Fig. 6B and C). Similar effects were observed when CM from COPZ1-silenced 8505C cells 

was used (data not shown). Graphical explanation of the experimental procedure is shown in Figure 

6D. 

 These in vitro results suggest that COPZ1-depletion induce the release of factors that 

promote DC maturation. 

Next, we investigated whether DCs, pulsed with CM from COPZ1-silenced cells, were able 

to stimulate the proliferation of freshly isolated naïve CD3+ T cells. T cells were labeled with 

CFSE, cultured in the presence of CM from pulsed DCs, stimulated with anti-CD3/anti-CD28 

beads, and assessed by FACS for proliferation 4 days later. The proportions of CD3+ T cells at each 

cell division (from gate 1 to 4) was compared between samples cultured in the presence of CM from 

DCs pulsed with CM from siCOPZ1- or siNT TPC-1 cells. A significant difference was found 

between the percentage of cells in gate 1 (CFSEhigh) and gate 4 (CFSElow) (Fig. 7A). Specifically, as 

shown in Fig. 7B, a significantly higher percentage of CD3+ T cells was detected in CFSElow gate 4 
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in cultures incubated with CM from DCs treated with COPZ-1-silenced CM than those incubated 

with DCs treated with NT-silenced CM. Conversely, a lower percentage of CD3+ T cells was 

detectable in CFSEhigh gate 1 in COPZ1-silenced versus siNT samples. 

To explore if COPZ1-silenced cells might trigger an immune activation that would result in 

the killing of parental cells, PBMCs derived from healthy donor were incubated for 6 days with 

TPC-1 cells, transfected with siCOPZ1 or siNT oligos 48 h before . T cells were then purified from 

PBMC s collected from co-cultures and co-incubated for 4 h with 51Cr-labeled parental TPC-1 cells. 

Interestingly, T cells from COPZ1-silenced cell stimulation exerted a significant increased cytotoxic 

activity as compared to T cells from siNT-silenced cells (Fig. 7D). Experiments reported above are 

graphically represented in Fig. 7C and 7E. 

Together, these findings indicate that cell death induced by COPZ1 silencing promotes 

immune events that culminate in the killing of parental tumor cells.  
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4. Discussion 

Despite considerable progress in the genetic and molecular characterization of thyroid 

carcinoma, few or no therapeutic options are currently available for patients with aggressive and 

iodine-refractory thyroid tumors. Thus, there is a need to identify new treatment strategies. Towards 

this aim, we had previously identified COPZ1 as a non-oncogene addiction for thyroid tumor cells, 

since its silencing induces cell death in several tumor cell lines, regardless of histotype or specific 

genetic lesions, but not in normal cells [12]. Thus, COPZ1 targeting may represent a novel 

therapeutic approach for thyroid cancer. The development of selective small molecules may be 

useful to improve its translational relevance not only for thyroid cancers, but also for different 

tumor types sensitive to COPZ1 inhibition [11]. 

We recently described that COPZ1 depletion in thyroid tumor cells leads to abortive 

autophagy, ER stress, UPR, and cell death [13]. These latter processes are known to evoke a type I 

IFN-mediated pro-inflammatory response, similar to that induced by radiotherapy or specific 

chemotherapy agents, which can stimulate an immune response. To explore this possibility, in this 

study we performed gene expression profiling and proteomic analysis of COPZ1-depleted thyroid 

tumor cells. By integrating these approaches, we highlighted the involvement of pathways related to 

ER stress and type I IFN-mediated inflammation. Of note, a chronic activation of the type I IFN 

response has been reported in inherited autoimmune disorder COPA syndrome [44], caused by 

mutations of the coatomer complex member COP-α, which impair ER-Golgi transport, increase ER 

stress, activate UPR, and upregulate cytokines [45;46]. 

With the aim to better unravel key players involved in the mechanisms reported above, we 

first found that COPZ1 silencing leads to increased levels of TLR3 and RIG-1 which, after 

activation by double-stranded RNAs, trigger signaling cascades that ultimately result in the 

production of type I IFNs [38;47]. We also detected the up-regulation of several ISGs, activation of 

TBK1 and increased levels of IRF3/7, all involved in IFNβ gene induction. Indeed, we observed 

that COPZ1 depletion leads to the production of IFNβ, a key innate cytokine which, as the other 
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type I IFNs, can limit tumor cell proliferation, drive senescence and apoptosis, amplify 

inflammation and exert an anti-tumor activity [48-50]. 

Since activation of UPR is known to connect ER function to “altered-self mimicry”, mainly 

through the generation of dsRNA fragments [51;52], we hypothesize that this may also occur when 

in thyroid cancer cells the ER stress is induced by COPZ1 depletion, thus mirroring a viral 

infection. Even though this pathway is generally induced by cytoplasmic dsRNA fragments, other 

signals starting from DNA damage may lead to TLR3 activation and TLR3-dependent cytokine 

secretion [53], even if the mechanisms are still unclear. Thus, we cannot exclude that in our setting 

the source of nucleic acids is DNA that has been damaged as a consequence of ER stress [54]. 

Several lines of evidence support this possibility: 1) gene expression and proteomic profiling 

highlighted the presence of DNA damage and chromatin remodeling in COPZ1-depleted cells; 2) 

accumulation of γH2AX, a well-known marker of DNA damage, was assessed by proteomic 

analysis and by western blot; 3) COPZ1 has been identified as a key player in mediating genome 

stability, since its silencing induces DNA damage [55]. Further studies will need to assess whether 

an aberrant cytosolic accumulation and type of nucleic acids occur in our model. 

ER stress and UPR are known to promote signaling events leading to the production of pro-

inflammatory products [56]. We found a significant increase of cytokines, including IL-1β, IL-6, 

and IL-8, which are known to be pro-tumoral in some circumstances, but to have in others potent 

immune modulatory functions, such as induction of MHC class I on DC, promotion of T cell 

differentiation/survival, and activation of NK cells [57]. Moreover, we found a significant increase 

in the production of a number of ISGs molecules such as CCL5, CCL3, CCL20, and CXCL10, 

which are potent chemo-attractants to lymphocytes and monocytes [21;40]. Even though most of 

the inflammatory cytokines and chemokines produced by COPZ1-depleted cells are considered pro-

tumoral, also in the context of thyroid tumors [58-60], we cannot exclude that the opposite effect 

may occur depending on intensity of the signal and of microenvironmental cues. 
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Cell death occurring in the context of UPR can elicit an immune response through the 

release of endogenous danger signals. In our model, we found that COPZ1-depleted cells initiate an 

IFN/viral mimicry response and succumb to ICD, which, in turn, amplifies inflammation and cell 

death. Indeed, we detected several secreted DAMPs such as calreticulin, HMGB1, and ATP, but 

also IL-1α, IL-1β, IL-6, and IFNβ, exerting a key role on orchestrating ICD-related events and 

typically promoted by ICD inducer agents [57]. We should also consider that COPZ1 silencing 

induces apoptotic cell death [13], with supposedly the release of ss/dsDNA, dsRNA and 

mitochondrial DNA, which, by acting as DAMPs, can activate TLR- or RIG-1-like receptors in a 

paracrine manner. This may also in part sustain the activation of the related pathway, previously 

described. 

We found that the secretome of COPZ1-depleted cells is able to induce maturation of DCs 

and, in turn, T cell activation, a mechanism known to be triggered by cytokines like IL-1β, IL-6, IL-

12 and TNFα [57]. In our model, these phenomena may be also ascribed to the production of IFNs, 

known to be potent immune modulators by acting on DC, by decreasing the suppressive function of 

both regulatory T cells and myeloid-derived suppressor cells, although in certain circumstances, 

opposite effects responsible for evasive mechanisms and promotion of tumor progression have been 

reported [48;61;62]. Our results revealed that T cells, isolated from PBMCs stimulated by COPZ1-

depleted thyroid tumor cells increased their ability to in vitro lyse parental cells, suggesting that 

COPZ1 depletion in tumor cells might trigger a chain of immunological events that would result in 

the immunological recognition of structures expressed by the parental tumor cells. 

To assess the effect of COPZ1 depletion on cell-mediated immunity and inflammation, and 

the translational value of our in vitro results, in vivo experiments in ad hoc immunocompetent 

murine models are needed. They are also necessary to: i) clearly define whether COPZ1 silencing 

represents a strategy to establish a specific CTL-mediated anti-cancer immune response; ii) evaluate 

whether may contribute in inducing the antitumor effect; iii) assess whether short pro-inflammatory 

stimuli may unleash an effective anti-tumor immune response with consequent tumor regression. 
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Even though with several limitations, new immunocompetent thyroid tumor models are now 

being developing, as they represent the next generation tools allowing preclinical studies in the 

context of a functional immune system [63]. Our initial studies of the in vivo impact of COPZ1 

silencing showed reduction of tumorigenicity of 8505C cells in nude mice [13]; future studies will 

certainly include the use of syngeneic immunocompetent mice xenografted with murine thyroid 

tumor cells, aimed at investigating the effect of COPZ1 depletion on tumor growth, 

microenvironment and immune response. Since a hallmark of ICD is the induction of tumor-

specific immunity in vivo, a prophylactic vaccination with COPZ1-depleted cells and the protection 

from a subsequent tumor challenge should be further assessed. 

As for other tumor types, patterns in tumor-associated immune cells within the thyroid 

cancer microenvironment have been observed, exerting both antitumor and pro-tumor functions 

[58]. However, low burden of genetic alterations, and therefore antigen scarcity, allow to consider 

thyroid tumors generally low immunogenic and poor target for immunotherapy [64]. The promotion 

of ICD certainly may represent an optimal strategy to overcome these limitations. ICD has been 

poorly explored in thyroid cancer, with the exception of some studies on DAMPs as prognostic 

markers [65], even if oncolytic virus-based virotherapy, able to induce ICD, has been now 

considered as strategy to restore immune regulatory properties against tumor cells and to tone down 

immunosuppressive microenvironment [66]. Our study suggests that COPZ1 depletion, in addition 

to a direct tempering effect on tumor growth, may have potent immune-stimulatory effects through 

the establishment of a systemic inflammatory response, thus turning “cold” immunosuppressive 

thyroid tumors into “hot” inflamed tumors. An intriguing hypothesis for future work is to test 

whether COPZ1 depletion enhances the efficacy of radiotherapy, chemotherapy or immunotherapy. 
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Table I: Functional annotation clustering on 99 differentially expressed genes in COPZ1-1 

depleted TPC-1 cells in comparison to siNT control cells. 2 

Annotation 
Cluster n° 

ES GO Annotation Term % FDR 

1 9.96 GO:0006986~ 
response to unfolded protein 

14.29 7.75E-09 

2 6.71 
GO:0042175~ 

nuclear outer membrane-endoplasmic reticulum 
membrane network 

24.49 1.94E-05 

3 6.09 GO:0048193~ 
Golgi vesicle transport 

14.29 1.61E-05 

4 5.53 
GO:0001817~ 

regulation of cytokine production 
15.31 2.49E-03 

5 5.52 GO:0015031~ 
protein transport 

28.57 6.45E-04 

6 4.81 
GO:0034613~ 

cellular protein localization 
23.47 2.58E-02 

7  3.00 GO:0030120~ 
vesicle coat 

5.10 2.49E-01 

8 2.73 
GO:0009607~ 

response to biotic stimulus 
14.29 9.09E-01 

9 2.70 
GO:0048208~ 

COPII vesicle coating 
5.10 4.89E-01 

10 2.68 
GO:0032653~ 

regulation of interleukin-10 production 
4.08 2.82 

11 2.66 GO:0071216~ 
cellular response to biotic stimulus 

9.18 5.94E-04 

12 2.33 
GO:1902235~ 

regulation of endoplasmic reticulum stress-induced 
intrinsic apoptotic signaling pathway 

4.08 1.04 

13 2.32 
GO:0002700~ 

regulation of production of molecular mediator of 
immune response 

5.10 3.97 

14 2.23 
GO:2001234~ 

negative regulation of apoptotic signaling pathway 
8.16 1.88E-01 

15 2.11 GO:0002697~ 
regulation of immune effector process 

8.16 2.55 

16 2.10 
GO:0030662~ 

coated vesicle membrane 
7.14 2.26E-01 

17 2.02 
GO:0061043~ 

regulation of vascular wound healing 
3.06 4.62E-01 

 3 

Representative GO terms are reported for the 17 significant clusters out of 114 total clusters 4 

(Enrichment Score, ES >2, p-value < 0.01). The percentage of significant genes in GO-term and 5 

false discovery rate (FDR) are also indicated for each annotation cluster.  6 
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Figure legends 

Fig. 1: Gene expression profiling of COPZ1-depleted TPC-1 cells. (A) Hierarchical clustering of 

TPC-1 and NThy-ori 1-3 replicates (48 h, 72 h after siRNA transfection) on the 857 most variable 

genes across the entire dataset. (B) Heatmap of 99 significant differentially expressed genes in TPC-

1 replicates after COPZ1 silencing at both 48 h and 72 h siRNA transfection. The color changes in 

each row represent the gene expression relative to the mean across the samples. c Enrichment plots 

of selected gene sets that were significantly upregulated in TPC-1 cells at 72 h after siRNA 

transfection. The enrichment score (ES) plotted as a function of the position within the ranked list 

of array genes is shown as a green line. At the bottom of the plot, the ranked list metric shown in 

gray illustrates the correlation of gene expression values with phenotypes. Signal intensities are 

illustrated by varying shades of red (up-regulation) and blue (down-regulation). The normalized 

enrichment score (NES) is reported for each plot. siNT: Non-Targeting siRNAs; siCOPZ1: siRNAs 

targeting COPZ1. 

Fig. 2: Proteome analysis of COPZ1-depleted TPC-1 cells. (A) Venn diagram displays up-

regulated and down-regulated proteins in siCOPZ1 vs siNT control cells considering the total 

number of identified proteins. Differentially expressed proteins were determined using 

Welch's t test (p value < 0.05). A total of 177 proteins  (80 up and 97 down) were differentially 

expressed with a p value < 0.05 in siCOPZ1 cells vs siNT control cells; 148 and 124 proteins were 

exclusively found in control or siCOPZ1 cells, respectively. (B) Volcano plot showing the results of 

differentially expressed proteins based on fold change vs t-test probability (Welch difference). Each 

protein is represented as a dot and is mapped according to its fold change on the ordinate axis (y), 

with the p-value by t-test on the abscissa (x). The red and green dots indicate up-regulated and 

down-regulated proteins, respectively. Grey dots do not meet the fold and p-value criteria. The top 

significantly up-down-regulated proteins are listed. (C) Pathway information from the Reactome 

Database using GSEA website for enrichment analysis; the bar plot shows the significant top 



enrichment scores (−log p value).  (D) Networks generated using the lists of up-modulated proteins 

in siCOPZ1 cells vs siNT control. This functional association analysis was performed by 

ToppCluster based on pathway networks showing enriched terms from Gene Ontology and 

pathways; red dot: differentially expressed proteins; green square: pathways; light blue square: 

biological process.  

 

Fig. 3: COPZ1 depletion in TPC-1 and 8505C cells is associated with the type I interferon 

response. (A) Real-time PCR analysis of gene expression at 48 h after siRNA transfection. Results 

are presented as relative quantity (RQ Log10) normalized for HPRT-1 housekeeping gene 

expression. Data are normalized as ratio to the corresponding control, considered siNT =0 as 

baseline; data represent the mean ± SD of three independent experiments. (B,C) western blot 

analysis for expression of COPZ1, RIG-1, MX1, pTBK1(S172), and TBK1 proteins at the indicated 

time points after siRNA transfection; β-actin was used for normalization of gel loading. (D) qRT-

PCR analysis with a customized TaqMan Low Density Array of 40 genes related to the interferon 

pathway at 48 h and 72 h after siRNA transfection. Values are presented as in A and represent the 

mean of two independent experiments. ND: not detected. siNT: Non-Targeting siRNAs; siCOPZ1: 

siRNAs targeting COPZ1.  

 

Fig. 4: COPZ1 depletion in TPC-1 and 8505C cells is associated with type I interferon-

induced inflammation. (A) The histograms show the level of IFN-β secretion detected by ELISA 

in CM collected at 72 h after siRNA transfection; samples were analyzed in duplicate in three 

independent experiments; the asterisk indicates significant differences by paired Student’s t test 

(*p<0.05); ND: not detected. (B) western blot analysis for the expression of pSTAT1 (Y701), 

STAT1, and COPZ1 proteins at the indicated time points after siRNA transfection; β-actin was used 

for normalization of gel loading. (C) qRT-PCR analysis with a customized TaqMan Low Density 

Array of 36 genes related to immune-inflammatory pathways at 48 h and 72 h after siRNA 



transfection. Results are presented as relative quantity (RQ Log10) normalized for HPRT-1 

housekeeping gene expression. Data are normalized as ratio to the corresponding control, 

considering siNT=0 as baseline and represent the mean of two independent experiments; ND: not 

detected. (D) CM as in A were analyzed by a multianalyte ELISA array for secretion of a panel of 

cytokines; results are expressed as fold change relative to the siNT controls; ND: not detected. E) 

western blot analysis for expression of IL6, IL8, and IL1β in CM produced as in A; Ponceau S 

staining of membranes for checking protein loading is provided in Fig. S5.  F) The histograms show 

the relative secretion of CXCL10 detected by ELISA in CM collected at 72 h after siRNA 

transfection; samples were analyzed in duplicate in three independent experiments (siNT =1). *p < 

0.05 by paired Student’s t test; ns: not significant p = 0.059. 

 

Fig. 5: Detection of DAMPs in COPZ1-depleted cells. TPC-1 and 8505C cells, at different time 

points after siRNA transfection, were analyzed by: (A) Flow cytometry analysis of surface 

calreticulin (CRT); in the table percentage of live cells, assessed with zombie dye, and calreticulin-

expressing cells are reported; a representative analysis of three independent experiments is shown; 

(B) Representative overlay histogram plots showing the mean fluorescence intensity of viable cells 

expressing ecto-CRT;  (C) western blot for the expression of calreticulin and HMGB1 proteins in 

total extracts (top panel) and CM (bottom panel); Ponceau S staining of membranes for checking 

protein loading is provided in Fig. S5. (D) extracellular ATP quantification in CM; samples were 

analyzed in triplicate; a representative analysis of three independent experiments is shown; asterisks 

indicate significant differences by the unpaired Student’s t test (***p<0.001). 

 

Fig. 6: COPZ1-induced cell death promotes dendritic cell maturation. (A) immature DCs 

(iDCs) untreated (a) or cultured for 3 days with CM from COPZ1-silenced (or siNT- as a control) 

TPC-1 cells (b), and iDCs induced to maturation with specific stimulatory factors (positive control) 

(c) were evaluated by flow cytometry for the expression of CD11c and CD11b markers. (B) 



representative dot plots of CD11b+CD11c+ iDCs cultured with CM from COPZ1-silenced (or siNT) 

TPC-1 cells (b) assessed by flow cytometry for the expression of CD80, CD83, CD86, and HLA-

DR markers. (C) histograms illustrate the relative fold increase expression of CD80, CD83, CD86, 

and HLA-DR markers, detected by flow cytometry as in (B),  in iDCs cultured with COPZ-1-

silenced TPC-1 vs. siNT from four independent experiments; significance difference by non 

parametric Wilcoxon matched pairs test. (D) Graphical representation of the experimental 

procedure; figure was created with BioRender.  

 

Fig.7: COPZ1-induced cell death promotes T cell proliferation and cytotoxic activity. (A) 

Representative dot plots of CFSE-labelled CD3+ T cells, stimulated with anti-CD3/CD28 

dynabeads, cultured for 4 days with CM derived from pulsed siNT (a) and siCOPZ1 (b) DCs TPC-1 

and assessed for proliferation. (B) histograms illustrate the percentage (±SD) of CD3+ T cells 

evaluated in gate 1 and gate 4 of proliferation process from five independent experiments; *p < 0.5 

by unpaired Student’s t test. (D) Percentage of lysis of 51Cr-labeled TPC-1 target cells after 4 h of 

culture in the presence of T-cells, pre-incubated for 6 days with siCOPZ1-TPC-1 cells or siNT-

TPC-1 cells as a control (target:effector ratio 1:50 and 1:100). Box and whiskers: min to max 

represent data pooled from 2 independent experiments performed in triplicate. asterisks indicate 

significant differences by the unpaired Student’s t test (**p<0.01). In (C) and (E) Graphical 

representation of the experimental procedures are reported; figures were created with BioRender.  



Highlights 

• COPZ1 represents a non-oncogene addiction for thyroid cancer 
• COPZ1 silencing stimulates type I IFN response and inflammation 

• COPZ1 silencing induces immunogenic cell death, dendritic  and T cell activation 
• COPZ1 depletion prompts an anti-tumor immune response 

• COPZ1 targeting  represents a new therapeutic strategy for advanced thyroid cancer 
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