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Abstract

Hepatocellular carcinoma (HCC) is one of the most lethal cancer types, and chronic infec-

tion with Hepatitis B Virus (HBV) is identified as the strongest risk factor for HCC. Trans-

membrane Protein 173 (TMEM173) is a pattern recognition receptor which functions as a

major regulator of the innate immune response to viral and bacterial infections. However,

the prognostic value of TMEM173 in HCC remains elusive. Thus, we aimed to evaluate the

potential prognostic significance of TMEM173 expression in HCC patients following cura-

tive resection. Immunohistochemistry was used to detect TMEM173 expression in 96 HCC

patients. We found that TMEM173 protein expression was remarkably decreased in tumor

tissues compared to non-tumor tissues, and that TMEM173 staining intensity was inversely

correlated with tumor size, tumor invasion TNM stage and overall survival (OS) in HCC

patients. Multivariate analysis supported TMEM173 as an independent prognostic factor,

and identified that combining TMEM173 expression with TNM stage showed better prog-

nostic efficiency for OS in HCC patients. In summary, TMEM173 was discovered having an

independent prognostic value and may serve as a potential immunotherapeutic target for

HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common primary live cancers causing sig-
nificant cancer-related mortalities every year [1]. Although treatments such as surgery and che-
motherapy have currently improved, most patients still face a dismal prognosis[2]. Traditional
tumor-node-metastasis (TNM) classification systems provide a basic prognostic model but still
have limited capacity to differentiate outcomes when considering the asymptomatic nature and
limited detection of early stage HCC[3]. Therefore, it is still of particular urgency to establish a
better prognostic model and find prognostic biomarkers with higher sensitivity, specificity and
accuracy.
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Transmembrane Protein 173 (TMEM173), also named stimulator of interferon genes
(STING), is a transmembrane protein localized in endoplasmic reticulum[4]. Previous studies
revealed that it played an important role in the innate immune response to viral and bacterial
infections via regulating type-I IFN signaling and thereby innate immunity[5]. It was identified
as one of the critical adaptor proteins for cytosolicDNA sensing pathways [6]. TMEM173 has
been reported to bind, through its globular carboxyl-terminal domain, cyclic dinucleotides
such as cyclic di-AMP, cyclic di-GMP or cyclic di-GMP-AMP produced by virus or bacteria
and thus facilitate downstream interaction with cytosolic kinase TBK1 and activation of inter-
feron regulatory factor 3 (IRF3) or signal transducer and activator of transcription factor 6
(STAT6)[5–9]. Then activated IRF3 or STAT6 translocated into nuclei to induce interferons
among other cytokines [9]. These data proved that TMEM173 functioned as a pattern recogni-
tion receptor in detection of cytosolic nucleic acids and mediation of related signal
transduction.
Recently, the suppressive role of TMEM173 in tumorigenesis was suggested in several can-

cer types, such as prostate cancer, colorectal carcinoma and melanomas [10–12]. However, its
function in HCC remains largely unknown. Since one of the strongest risk factors for HCC is
chronic Hepatitis B Virus (HBV) infection [13], TMEM173 might be involved in viral detec-
tion and subsequently contributes to tumorigenesis and progression of HCC. Therefore, to
study the role of TMEM173 in HCC, we evaluated the expression of TMEM173 in 96 HCC
samples and tried to elucidate its correlation with tumor development and prognosis. In addi-
tion, we explored whether combination of TNM stage and TMEM173 expression could estab-
lish a better prognostic model for HCC patients.

Materials and Methods

Patients and specimens

For tissue microarray detection, tumor specimens including 96 HCC tissues and 96 adjacent
non-tumor tissues were obtained from patients who underwent surgical resectionwithout pre-
operative treatment from 2004 to 2008, at Department of General Surgery, General Hospital of
Ningxia Medical University (Ningxia, China). The clinicopathological and baseline demo-
graphic characteristics of the patients, including age, gender, tumor size, tumor site and tumor
stage were retrospectively collected. Tumor stages were histologically classified according to
the 7th Edition of the American Joint Committee on Cancer TNM classification. OS was calcu-
lated from the date of surgery to the date of death (or the last follow-up). Follow-up was termi-
nated in December 2011. Ethical approval was obtained from the Research Ethics Committee
of The General Hospital of Ningxia Medical University and written consent was obtained from
each patient.

GEO datasets

These data are publically available from GEO database (accession number: GSE54236,
GSE36411). The relative mRNA expression was achieved through the Oncomine database
(https://www.oncomine.org/resource/login.html).

Tissue microarray and immunohistochemistry

Tissue microarrays and immunohistochemistry analysis were performed as previously
described, and the tissue microarray was established with formalin-fixed paraffin-embedded
surgical specimens. Primary anti-TMEM173 antibody (Abcam, Cambridge,MA) was used for
immunohistochemistry staining. The intensity of immunostaining was evaluated by two
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independent pathologists without the knowledge of clinicopathological data. The staining
intensity was sorted by 0 (negative), 1 (weak), 2 (moderate) and 3 (strong). Depending on the
staining extent, the area was categorized as 0 (< 5%), 1 (5%-25%), 2 (26%-50%), 3 (51%-75%)
and 4 (>75%). The staining score was computed by multiply staining intensity with staining
area, yielding a series of results ranged from 0 to 12.

Statistical analysis

ROC analysis was conducted to select the optimum cut-off value of the staining score to
dichotomize the patients into low and high groups. Comparisons betweenTMEM173 expres-
sion and clinicopathologic variables were evaluated using chi-square test. Survival curveswere
conducted by Kaplan-Meier method and compared by log-rank test. The Cox proportional
hazards regression model was applied to evaluate multivariate analyses, and those statistically
significant characteristics in univariate analysis were used to performmultivariate analysis.
Nomogram was set to construct the prognostic model. Calibration plot was used to evaluate
the prognostic accuracy of the models. ROC analysis was conducted to compare the sensitivity
and specificity for the prediction of OS by the prognostic models. Differences between two
groups were tested with Student’s two-tailed t test. All statistical tests were two-tailed and dif-
ferences were considered significant at level of< 0.05. Data were analyzed using IBM SPSS Sta-
tistics 22.0 (SPSS, Chicago, IL, USA) and R software 3.2.2 with the “rms” package (R
Foundation for Statistical Computing, Vienna, Austria).

Results

Down-regulated TMEM173 was detected in HCC

To understand whether TMEM173 was involved in HCC carcinogenesis, we first examined
the mRNA expression of TMEM173 in HCC tissues from reported GEO datasets. We found
that the TMEM173 mRNA expression was decreased in tumor tissues in both GSE54236
[14] (P = 0.045) and GSE26411 [15] (P<0.001) datasets (Fig 1A and 1B). We next investi-
gated the protein expression of TMEM173 in HCC samples and adjacent non-tumor tissues.
Immunohistochemically (IHC) assay revealed that the protein expression of TMEM173 was
down-regulated in HCC samples compared to peripheral non-tumor tissues (P<0.001) (Fig
1C and 1D).

Correlation between TMEM173 expression and clinicopathological

features in HCC patients

To further evaluate the protein level of TMEM173 and clinicopathological features, we ana-
lyzed the correlation betweenTMEM173 expression and clinicopathological features in 96
HCC samples. According to the results conducted by receiver operating characteristic (ROC)
curve analysis, IHC score of 6 was determined as the cut-off to dichotomize the patients into
TMEM173 low group (score, 0–6; n = 24) and TMEM173 high group (score, 7–12; n = 72).
The correlation betweenTMEM173 expression and clinicopathological variables in HCC
patients was analyzed with the chi-square test, and the result was listed in Table 1. Among the
variables, low expression of TMEM173 in HCC was correlated with tumor venous infiltration
(P = 0.041) and advanced TNM stage (P = 0.004) (Table 1). Other clinicopathologic variables
showed no significant correlation with TMEM173 expression.
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Correlation between TMEM173 expression and overall survival in HCC

patients

We next explored the relationship between TMEM173 expression and overall survival using
Kaplan-Meier analysis. The results demonstrated that patients with TMEM173 low expres-
sion showed poorer overall survival than those with TMEM173 high expression (P< 0.001)
(Fig 2A). To further evaluate the efficiencyof TMEM173 expression in patients with different
TNM stages, we divided the patients into early (I) and advanced (II -IV) groups. In both the
TNM I and TNM II +IV subgroups, low expression of TMEM173 showed statistically signifi-
cant value in predicting the outcomes of HCC patients (Fig 2B and 2C). These data suggest
that TMEM173 expression is inversely correlated with overall survival for patients with
HCC.

Fig 1. The expression patterns of TMEM173 in HCC tissues. (A-B) Relative expression of TMEM173 mRNA in HCC and normal liver tissues

in GSE54236 (A) and GSE36411 (B). (C) Representative IHC staining images of TMEM173 and its regional magnification in HCC tissues and

non-tumor tissues. Scale bar = 200 μm. (D) IHC score of TMEM173 expression in HCC tissues and non-tumor tissues.

doi:10.1371/journal.pone.0165681.g001
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TMEM173 expression is identified as an independent prognosticator in

patients with HCC

We also conducted univariate Cox analysis to identify the prognostic significance of clinico-
pathological factors for overall survival. Tumor venous invasion (P = 0.001), Cirrhosis
(P = 0.039), TNM stage (P = 0.047), and TMEM173 expression (P = 0.008) were found to be
risk factors for survival in HCC patients (Table 2). Further adjustment of covariate factors
using multivariate Cox analysis identified down-regulated TMEM173 (P< 0.001) as an inde-
pendent risk factor for HCC (Fig 2D). These data indicate that low expression of TMEM173
has an independent prediction value in prognosis of HCC patients.

Combination of TMEM173 expression and TNM stage generates a

better prognostic model for overall survival of HCC patients

To establish a more sensitive prognostic model for HCC patients, we combined TMEM173
expression and TNM stages to create a prognostic score system. ROC curve analysis showed
that the predictive value of TMEM173 alone (AUC [95% CI], 0.738 [0.616–0.860]) was higher
than that of TNM stages (AUC [95% CI], 0.659 [0.537–0.782]). The combination of
TMEM173 expression and TNM stages also revealed with statistical significance better prog-
nostic value (AUC [95% CI], 0.800 [0.696–0.904]) than TNM stages alone (Fig 3A). In addi-
tion, the Harrell’s concordance index (C-index) for the combination of TNM stages and
TMEM173 was 0.659, higher than that for TNM stages alone (0.589); the Akaike information

Table 1. Relationship between TMEM173 expression and clinicopathological characteristics in patients with HCC.

TMEM173 expression

High Low

Variables No. No. (%) No. (%) P-value

Age (year) 0.820422

< 60 48 14(29%) 34(71%)

� 60 48 13(27%) 35(73%)

Gender 0.37796

Male 57 21(37%) 36(63%)

Female 39 11(28%) 28(72%)

Tumor size (cm) 0.124144

�5 52 18(35%) 34(65%)

>5 44 9(20%) 35(80%)

Child-Pugh’s Grade 0.079568

A 80 31(39%) 49(61%)

B 16 10(63%) 6(38%)

Venous invasion 0.041134*

Absent 81 31(38%) 50(62%)

Present 15 10(67%) 5(33%)

Distant metastasis 0.052283

Absent 91 5(5%) 86(95%)

Present 5 1(33%) 2(67%)

TNM stage 0.004324*

I 45 20(44%) 25(56%)

II-IV 51 9(18%) 42(82%)

Abbreviations: TNM = tumor node metastasis. n.s. is not significant; *P < 0.05 is significant.

doi:10.1371/journal.pone.0165681.t001
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criterion (AIC) was 554.64 when estimated according to TNM stages alone, and it decreased to
539.08 when estimated in combination with TMEM173 down-regulation (Fig 3B). These
results suggest that combination of TMEM173 expression and TNM stages could establish a
better prognostic model for the overall survival of HCC patients.
Based on the results of ROC analysis, we further constructed a nomogrammodel that inte-

grated TNM classification with TMEM173 expression for better stratifying patients with differ-
ential prognoses. In this nomogram, a higher total point predicted a worse prognosis. The total
point was raised by adding the score of the TNM classification (0 for “IA”, 16 for “IB”, 33 for
“IIA”, 49 for “IIB” or 82 for “IV”) and TMEM173 expression (0 for “High” or 100 for “Low”)
for each patient (Fig 3C). The calibration curve for predicting 3-year overall survival shows
that the nomogram performs well with the ideal predictionmodel (Fig 3D). Based on the risk
score, patients were stratified into three subgroups, including subgroups I for low risk score
(<25%), subgroup II for medium risk score (25%-75%) and subgroup III for high risk score
(>75%). Kaplan-Meier analysis revealed that scoring with the nomogram effectively discrimi-
nated the risk of postoperative survival in HCC patients (Fig 3E) (P< 0.001).

Discussion

Various DNA viruses were reported to negatively regulate by the innate immune pathway via
the activation of interferon response including HBV, Cytomegalovirus and Herpes Simplex
Virus (HSV) as well as retroviruses such as Human ImmunodeficiencyVirus (HIV) [16]. And

Fig 2. The predictive value of TMEM173 expression in patients with HCC. (A-C) Kaplan-Meier survival analysis showing the

relationship between TMEM173 expression and overall survival in all patients (A), patients at TNM I stage (B) and patients at TNM II-IV

stage (C). (D) Cox multivariate analysis identified the independent prognostic factors for overall survival for patients with HCC.

doi:10.1371/journal.pone.0165681.g002
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the detection pathway of exogenous DNA is essential in this process[16]. Recently, as one of
the crucial adaptor proteins, TMEM173 was revealed to play a critical role in cytosolic DNA
detection [8]. Meanwhile, accumulating studies demonstrated that the function of TMEM173
in immune surveillancewas also involved in human cancers [10–12]. TMEM173 deficient
mice bearing tumors showed shorter survival compared to wide-type controls[17]. And defec-
tive expression of TMEM173 was found in tumor tissues of colorectal carcinoma patients as
well as peripheral bloodmononuclear cells of HBV infected patients[11, 18]. In this study, we
first identified the prognostic role of TMEM173 in HCC patients, and that loss of TMEM173
was positively associated with tumor progression and worse overall survival.
TMEM173 exerts its function by regulating dynamic cytokine expressions. Activation of

TMEM173 signaling pathway results in cytokine production and subsequently immune cell
recruitment. Type-I IFNs have been identified as the major effector in TMEM173-mediated
anti-tumor immunity [9]. It is reported that type-I IFNs is essential for the maturation of
CD11c+ CD8α+DCs, and these DCs are critical for induction of tumor-reactive T-cell
responses[19]. Type-I IFNs also contribute to the anti-tumor function of NK cells and macro-
phages [20]. Besides, TMEM173 can trigger IL-12 secretion that leads to proliferation and acti-
vation of CD8+ T cells and enhance CXCL10 production that recruits immune cells[21].
Therefore, loss of TMEM173 may not only contribute to HBV invasion of immune surveillance
but also lead to defective anti-tumor immunity in HCC tumorigenesis. TMEM173 might also
play a role in the anti-tumor effect through influencing checkpoint inhibitors such as CTLA4
and PD1[22]. Meanwhile, activation of TMEM173 could directly induce cell apoptosis and
autophagy in malignant cells[23], which might inhibit tumor growth.
By the present study, it remains to be researched the underlyingmechanism of TMEM173

expression in the progression of HCC. However, apart from tumor cells, extrinsic TMEM173
activity in tumor microenvironment was also likely to play a critical role in immune

Table 2. Univariate and multivariate Cox regression analysis of clinicopathological characteristics influencing the overall survival of HCC

patients.

Variables Univariate Analysis Multivariate Analysis

HR (95% CI) P-value HR (95% CI) P-value

Age

�60 years vs. >60 years 0.68 (0.30–1.37) 0.085 n.s.

Gender

Male vs. Female 1.44 (0.49–5.36) 0.144 n.s.

Cirrhosis

Yes vs. No 1.97 (0.89–5.64) 0.039* n.s.

TNM Stage

I vs. II & III 0.34 (0.12–0.88) 0.047* n.s.

Venous Invasion

VI vs. NI 0.52 (0.21–0.89) 0.001* n.s.

Child-Pugh’s Grade

A vs. B 2.67 (1.25–5.03) 0.077 n.s.

Tumor size

�5 cm vs. >5 cm 2.56 (0.69–5.21) 0.055 n.s.

TMEM173 expression

Low vs. High 3.87 (1.23–8.99) 0.008* 3.11 (1.57–7.66) 0.036*

Abbreviation: 95% CI = 95% confidence interval; HR = hazard ratio; TNM = tumor node metastasis. n.s. is not significant

* P < 0.05 is significant.

doi:10.1371/journal.pone.0165681.t002
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Fig 3. Combination of TMEM173 expression with TNM stage generates a better predictive model for overall survival of HCC

patients. (A) ROC curve analysis of the sensitivity and specificity of the predictive value of the TNM stage model, TMEM173 model

and the combined model. (B) AIC and Harrell’s C-index analysis of the comparison of the predictive accuracies of TNM staging and
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surveillance.Overall, the contribution of TMEM173 signaling in HCC remains far from being
fully elucidated and need further investigation.
In conclusion, our study identified aberrant expression of TMEM173 in HCC as an inde-

pendent prognostic factor, which could be integrated with TNM stages to generate a better risk
stratification nomogram for HCC patients with differential prognoses. Future studies need to
be focused on the underlyingmechanisms of TMEM173 and related potential applications in
the treatment of HCC.

Author Contributions

Conceptualization:YB SNY.

Data curation:YB QAJ.

Formal analysis:QAJ.

Funding acquisition: YB QAJ.

Investigation: YB FL.

Methodology:YB FL.

Project administration:YB SNY.

Resources:YB QAJ.

Software:QAJ.

Supervision:SNY.

Validation: SNY QAJ.

Visualization: YB FL.

Writing – original draft:YB FL QAJ.

Writing – review& editing: YB SNY.

References
1. Bruix J, Gores GJ, Mazzaferro V. Hepatocellular carcinoma: clinical frontiers and perspectives. Gut.

2014; 63(5):844–55. doi: 10.1136/gutjnl-2013-306627 PMID: 24531850; PubMed Central PMCID:

PMC4337888.

2. Bruix J, Reig M, Sherman M. Evidence-Based Diagnosis, Staging, and Treatment of Patients With

Hepatocellular Carcinoma. Gastroenterology. 2016; 150(4):835–53. doi: 10.1053/j.gastro.2015.12.

041 PMID: 26795574.

3. Huitzil-Melendez FD, Capanu M, O’Reilly EM, Duffy A, Gansukh B, Saltz LL, et al. Advanced hepato-

cellular carcinoma: which staging systems best predict prognosis? Journal of clinical oncology: official

journal of the American Society of Clinical Oncology. 2010; 28(17):2889–95. Epub 2010/05/12. doi: 10.

1200/jco.2009.25.9895 PMID: 20458042; PubMed Central PMCID: PMCPMC3651603.

TMEM173 expression. (C) Nomogram for predicting clinical outcomes integrated TMEM173 expression (High/Low) with TNM

classification (IA, IB, IIA, IIB, IV). In the nomogram, higher total point predicts worse prognosis. Addition of TNM classification (0 for

“IA”, 16 for “IB”, 33 for “IIA”, 49 for “IIB” or 82 for “IV”) and TMEM173 expression (0 for “High” or 100 for “Low”) for each patient

correspondingly gives the total point. (D) Calibration plot for nomogram predicted and observed 3-year survival rate. Calibration

curves for nomogram predicted 3-year overall survival performed well with the ideal model. Line of dashes: ideal model; vertical bars,

95% confident interval. (E) Kaplan–Meier curves of overall survival based on risk score calculated by nomogram. P-value was

assessed by log-rank test.

doi:10.1371/journal.pone.0165681.g003

Decreased Expression of TMEM173 Predicts Poor Prognosis in Patients with Hepatocellular Carcinoma

PLOS ONE | DOI:10.1371/journal.pone.0165681 November 4, 2016 9 / 11

http://dx.doi.org/10.1136/gutjnl-2013-306627
http://www.ncbi.nlm.nih.gov/pubmed/24531850
http://dx.doi.org/10.1053/j.gastro.2015.12.041
http://dx.doi.org/10.1053/j.gastro.2015.12.041
http://www.ncbi.nlm.nih.gov/pubmed/26795574
http://dx.doi.org/10.1200/jco.2009.25.9895
http://dx.doi.org/10.1200/jco.2009.25.9895
http://www.ncbi.nlm.nih.gov/pubmed/20458042


4. Su YC, Tu ZL, Yang CY, Chin KH, Chuah ML, Liang ZX, et al. Crystallization studies of the murine c-di-

GMP sensor protein STING. Acta crystallographica Section F, Structural biology and crystallization

communications. 2012; 68(Pt 8):906–10. doi: 10.1107/S1744309112024372 PMID: 22869119;

PubMed Central PMCID: PMC3412770.

5. Okabe Y, Sano T, Nagata S. Regulation of the innate immune response by threonine-phosphatase of

Eyes absent. Nature. 2009; 460(7254):520–4. doi: 10.1038/nature08138 PMID: 19561593.

6. Sauer JD, Sotelo-Troha K, von Moltke J, Monroe KM, Rae CS, Brubaker SW, et al. The N-ethyl-N-

nitrosourea-induced Goldenticket mouse mutant reveals an essential function of Sting in the in vivo

interferon response to Listeria monocytogenes and cyclic dinucleotides. Infection and immunity. 2011;

79(2):688–94. Epub 2010/11/26. doi: 10.1128/iai.00999-10 PMID: 21098106; PubMed Central

PMCID: PMCPMC3028833.

7. Jin L, Hill KK, Filak H, Mogan J, Knowles H, Zhang B, et al. MPYS is required for IFN response factor 3

activation and type I IFN production in the response of cultured phagocytes to bacterial second mes-

sengers cyclic-di-AMP and cyclic-di-GMP. Journal of immunology (Baltimore, Md: 1950). 2011; 187

(5):2595–601. Epub 2011/08/05. doi: 10.4049/jimmunol.1100088 PMID: 21813776; PubMed Central

PMCID: PMCPMC3159690.

8. Burdette DL, Monroe KM, Sotelo-Troha K, Iwig JS, Eckert B, Hyodo M, et al. STING is a direct innate

immune sensor of cyclic di-GMP. Nature. 2011; 478(7370):515–8. Epub 2011/09/29. doi: 10.1038/

nature10429 PMID: 21947006; PubMed Central PMCID: PMCPMC3203314.

9. Wu J, Sun L, Chen X, Du F, Shi H, Chen C, et al. Cyclic GMP-AMP is an endogenous second messen-

ger in innate immune signaling by cytosolic DNA. Science (New York, NY). 2013; 339(6121):826–30.

Epub 2012/12/22. doi: 10.1126/science.1229963 PMID: 23258412; PubMed Central PMCID:

PMCPMC3855410.

10. Ho SS, Zhang WY, Tan NY, Khatoo M, Suter MA, Tripathi S, et al. The DNA Structure-Specific Endo-

nuclease MUS81 Mediates DNA Sensor STING-Dependent Host Rejection of Prostate Cancer Cells.

Immunity. 2016; 44(5):1177–89. Epub 2016/05/15. doi: 10.1016/j.immuni.2016.04.010 PMID:

27178469.

11. Xia T, Konno H, Ahn J, Barber GN. Deregulation of STING Signaling in Colorectal Carcinoma Con-

strains DNA Damage Responses and Correlates With Tumorigenesis. Cell reports. 2016; 14(2):282–

97. Epub 2016/01/11. doi: 10.1016/j.celrep.2015.12.029 PMID: 26748708; PubMed Central PMCID:

PMCPMC4845097.

12. Nakamura T, Miyabe H, Hyodo M, Sato Y, Hayakawa Y, Harashima H. Liposomes loaded with a

STING pathway ligand, cyclic di-GMP, enhance cancer immunotherapy against metastatic melanoma.

Journal of controlled release: official journal of the Controlled Release Society. 2015; 216:149–57.

Epub 2015/08/19. doi: 10.1016/j.jconrel.2015.08.026 PMID: 26282097.

13. Chan SL, Wong VW, Qin S, Chan HL. Infection and Cancer: The Case of Hepatitis B. Journal of clinical

oncology: official journal of the American Society of Clinical Oncology. 2016; 34(1):83–90. Epub 2015/

11/19. doi: 10.1200/jco.2015.61.5724 PMID: 26578611.

14. Villa E, Critelli R, Lei B, Marzocchi G, Camma C, Giannelli G, et al. Neoangiogenesis-related genes

are hallmarks of fast-growing hepatocellular carcinomas and worst survival. Results from a prospective

study. Gut. 2016; 65(5):861–9. Epub 2015/02/11. doi: 10.1136/gutjnl-2014-308483 PMID: 25666192.

15. Camp JT, Elloumi F, Roman-Perez E, Rein J, Stewart DA, Harrell JC, et al. Interactions with fibroblasts

are distinct in Basal-like and luminal breast cancers. Molecular cancer research: MCR. 2011; 9(1):3–

13. Epub 2010/12/07. doi: 10.1158/1541-7786.mcr-10-0372 PMID: 21131600; PubMed Central

PMCID: PMCPMC3045848.

16. Schlee M, Hartmann G. Discriminating self from non-self in nucleic acid sensing. Nature reviews

Immunology. 2016. doi: 10.1038/nri.2016.78 PMID: 27455396.

17. Anghelina D, Lam E, Falck-Pedersen E. Diminished Innate Antiviral Response to Adenovirus Vectors

in cGAS/STING-Deficient Mice Minimally Impacts Adaptive Immunity. Journal of virology. 2016; 90

(13):5915–27. Epub 2016/04/15. doi: 10.1128/jvi.00500-16 PMID: 27076643; PubMed Central

PMCID: PMCPMC4907218.

18. Karimi-Googheri M, Daneshvar H, Khaleghinia M, Bidaki R, Kazemi Arababadi M. Decreased Expres-

sions of STING but not IRF3 Molecules in Chronic HBV Infected Patients. Archives of Iranian medicine.

2015; 18(6):351–4. Epub 2015/06/11. PMID: 26058929. doi: 015186/AIM.005

19. Swiecki M, Colonna M. The multifaceted biology of plasmacytoid dendritic cells. Nature reviews Immu-

nology. 2015; 15(8):471–85. doi: 10.1038/nri3865 PMID: 26160613; PubMed Central PMCID:

PMC4808588.

20. Zitvogel L, Galluzzi L, Kepp O, Smyth MJ, Kroemer G. Type I interferons in anticancer immunity.

Nature reviews Immunology. 2015; 15(7):405–14. doi: 10.1038/nri3845 PMID: 26027717.

Decreased Expression of TMEM173 Predicts Poor Prognosis in Patients with Hepatocellular Carcinoma

PLOS ONE | DOI:10.1371/journal.pone.0165681 November 4, 2016 10 / 11

http://dx.doi.org/10.1107/S1744309112024372
http://www.ncbi.nlm.nih.gov/pubmed/22869119
http://dx.doi.org/10.1038/nature08138
http://www.ncbi.nlm.nih.gov/pubmed/19561593
http://dx.doi.org/10.1128/iai.00999-10
http://www.ncbi.nlm.nih.gov/pubmed/21098106
http://dx.doi.org/10.4049/jimmunol.1100088
http://www.ncbi.nlm.nih.gov/pubmed/21813776
http://dx.doi.org/10.1038/nature10429
http://dx.doi.org/10.1038/nature10429
http://www.ncbi.nlm.nih.gov/pubmed/21947006
http://dx.doi.org/10.1126/science.1229963
http://www.ncbi.nlm.nih.gov/pubmed/23258412
http://dx.doi.org/10.1016/j.immuni.2016.04.010
http://www.ncbi.nlm.nih.gov/pubmed/27178469
http://dx.doi.org/10.1016/j.celrep.2015.12.029
http://www.ncbi.nlm.nih.gov/pubmed/26748708
http://dx.doi.org/10.1016/j.jconrel.2015.08.026
http://www.ncbi.nlm.nih.gov/pubmed/26282097
http://dx.doi.org/10.1200/jco.2015.61.5724
http://www.ncbi.nlm.nih.gov/pubmed/26578611
http://dx.doi.org/10.1136/gutjnl-2014-308483
http://www.ncbi.nlm.nih.gov/pubmed/25666192
http://dx.doi.org/10.1158/1541-7786.mcr-10-0372
http://www.ncbi.nlm.nih.gov/pubmed/21131600
http://dx.doi.org/10.1038/nri.2016.78
http://www.ncbi.nlm.nih.gov/pubmed/27455396
http://dx.doi.org/10.1128/jvi.00500-16
http://www.ncbi.nlm.nih.gov/pubmed/27076643
http://www.ncbi.nlm.nih.gov/pubmed/26058929
http://dx.doi.org/015186/AIM.005
http://dx.doi.org/10.1038/nri3865
http://www.ncbi.nlm.nih.gov/pubmed/26160613
http://dx.doi.org/10.1038/nri3845
http://www.ncbi.nlm.nih.gov/pubmed/26027717


21. Blaauboer SM, Gabrielle VD, Jin L. MPYS/STING-mediated TNF-alpha, not type I IFN, is essential for

the mucosal adjuvant activity of (3’-5’)-cyclic-di-guanosine-monophosphate in vivo. Journal of immu-

nology (Baltimore, Md: 1950). 2014; 192(1):492–502. Epub 2013/12/07. doi: 10.4049/jimmunol.

1301812 PMID: 24307739.

22. Melki I, Crow YJ. Novel monogenic diseases causing human autoimmunity. Current opinion in immu-

nology. 2015; 37:1–5. doi: 10.1016/j.coi.2015.07.008 PMID: 26262888.

23. Tang CH, Zundell JA, Ranatunga S, Lin C, Nefedova Y, Del Valle JR, et al. Agonist-Mediated Activa-

tion of STING Induces Apoptosis in Malignant B Cells. Cancer research. 2016; 76(8):2137–52. Epub

2016/03/10. doi: 10.1158/0008-5472.can-15-1885 PMID: 26951929; PubMed Central PMCID:

PMCPMC4873432.

Decreased Expression of TMEM173 Predicts Poor Prognosis in Patients with Hepatocellular Carcinoma

PLOS ONE | DOI:10.1371/journal.pone.0165681 November 4, 2016 11 / 11

http://dx.doi.org/10.4049/jimmunol.1301812
http://dx.doi.org/10.4049/jimmunol.1301812
http://www.ncbi.nlm.nih.gov/pubmed/24307739
http://dx.doi.org/10.1016/j.coi.2015.07.008
http://www.ncbi.nlm.nih.gov/pubmed/26262888
http://dx.doi.org/10.1158/0008-5472.can-15-1885
http://www.ncbi.nlm.nih.gov/pubmed/26951929

