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ABSTRACT 

Autoimmune disorders, characterized by inflammation and apoptosis of target cells leading to 

tissue destruction, are mediated in part by autoantibodies against normal cellular components 

(autoantigens) that may be over-expressed.  For example, antibodies against the autoantigens SS-

A/Ro and SS-B/La are primary markers for systematic lupus erythematosus and Sjoren’s 

syndrome. Recently, studies in animals demonstrated that green tea consumption may reduce the 

severity of some autoimmune disorders, but the mechanism is unclear. Here, we sought to 

determine if the most abundant green tea polyphenol, (-)-epigallocatechin-3-gallate (EGCG), 

affects autoantigen expression in human cells.  Cultures of pooled normal human primary 

epidermal keratinocytes and of an immortalized human salivary acinar cell line were incubated 

with 100 µM of EGCG (a physiologically achievable level for topical application or oral 

administration) for various time periods and then analyzed by cDNA microarray analysis, RT-

PCR and Western blotting for expression of several major autoantigen candidates. EGCG 

inhibited the transcription and translation of major autoantigens, including SS-B/La, SS-A/Ro, 

coilin, DNA topoisomerase I and α-fodrin.  These findings, taken together with green tea’s anti-

inflammatory and anti-apoptotic effects, suggest that green tea polyphenols could serve as an 

important component in novel approaches to combat autoimmune disorders in humans. 
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INTRODUCTION 

Autoimmune disorders are a significant clinical problem; their prevalence in the US is estimated 

at more than 8.5 million (Jacobson et al, 1997).  They are often associated with serious 

morbidity, and in some cases, lead to death. The pathogenesis of most autoimmune disorders, 

including systemic lupus erythematosus (SLE) and Sjogren’s syndrome (SS), remains 

incompletely understood (Yamamoto, 2003, Venables, 2004). SLE and SS are characterized by 

the production of autoantibodies against normal cellular components, designated as autoantigens, 

that may be over-expressed (Gerl et al, 2005).  The production of autoantibodies is considered to 

be a key mechanism of pathogenesis. To date, a large number of autoantigens have been 

identified in SLE (Sawalha et al. 2003).  Sera from lupus patients often have high titers of anti-

nuclear autoantibodies (ANAs) that target components of the nucleus (Sawalha and Harley, 

2004).  These ANAs include  SS-A/Ro, SS-B/La, centromere protein (CNEP) A, B, C, dsDNA, 

polymyositis-scleroderma (PM-scl), RNA polymerases, poly(ADP)ribose polymerase (PARP), 

uridine rich 1 small nuclear ribonucleoprotein (U1 snRNP), Smith antigen (Sm), ribosomal-P, 

histidyl t-RNA synthase (Jo-1), and DNA topoisomerase I (Scl-70) (Reeves, 2004).  ANAs are 

also found in about 70% of patients with SS, and autoantibodies against SS-A/Ro and SS-B/La 

are found in about 95% and 87% of primary SS patients, respectively (Rehman, 2003).  Elevated 

levels of SS-A/Ro and SS-B/La mRNA were found in the salivary tissues of SS patients with 

xerostomia (Bolstad et al. 2003). Lupus-associated autoantigens also include golgins present in 

the Golgi apparatus and coilin proteins (Stinton et al, 2004).  

 

Treatment options for most autoimmune disorders are limited and, in general, seek to suppress 

the immune response. In contrast, Chinese traditional medicines composed mostly of herbal 
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extracts or green tea contain naturally occurring materials that may provide sources of alternative 

remedies for autoimmune disorders.  Previous studies in animal models suggested that green tea 

polyphenols (GTPP) are able to reduce inflammation and apoptosis associated with autoimmune 

activities.   In a mouse model for rheumatoid arthritis, 0.2% of GTPP in water significantly 

reduced the protein levels of COX-2, IFN-γ, TNF-α and IgG in the joints, resulting in > 50% 

reduction of collagen-induced arthritis (Haqqi et al, 1999).  In a mouse model for autoimmune 

encephalomyelitis, oral administration of EGCG reduced clinical severity by reducing brain 

inflammation and neuronal damage, paralleling diminished proliferation and TNF-α production 

in encephalitogenic T cells (Aktas et al, 2004).  In an SLE mouse model, MRL/MpJ-

Faslprcg/Faslprcg (MRL-lprcg) mice fed 2% green tea powder diet for 3 months had prolonged 

survival, with reduced lymph node hyperplasia and anti-DNA antibody levels, raising the 

possibility that GTPP could inhibit the expression of autoantigens. (Sayama et al, 2003). 

 

Here, we report the novel finding that GTPP at physiologically achievable levels down-regulates 

the expression of several major autoantigens in both NHEK and normal human salivary acinar 

cells.  This finding is relevant for studies using GTPP as a treatment component of autoimmune 

disorders. 
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METHODS 

Chemicals and antibodies: EGCG [generic name: (-)-epigallocatechin-3-gallate, chemical name: 

(2R,3R)-2-(3,4,5-Trihydroxyphenyl)-3,4-dihydro-1(2H)-benzopyran-3,5,7-triol 3-(3,4,5-

trihydroxybenzoate), molecular formula: C22H18O11, purity: >95%] was purchased from Sigma-

Aldrich (St. Louis, MO). Anti-human CENP-C (H-300) Rabbit polyclonal antibody, Anti-human 

52 KD Ro/SSA (D-12) mouse monoclonal antibody, anti-human PARP (F-2) mouse monoclonal 

antibody, and anti-human actin (I-19) goat polyclonal antibody were purchased from Santa Cruz 

Biotechnology, Santa Cruz, CA.  The anti-human coilin mouse monoclonal antibody was 

obtained from BD Transduction Laboratories, San Jose, CA.  The anti-human golgin-67 rabbit 

polyclonal antibody was a kind gift from Dr. Don Fujita, University of Calgary, Canada.  The 

anti-human La/SSB mouse monoclonal antibody was purchased from Immunovision Diagnostics 

Inc., Springdale, AR.  

Cell lines: 

NHEK were purchased from Cambrex (East Rutherford, NJ) and sub-cultured in KGM-2 

provided by the manufacturer. Subculture of the NHEK was performed by detaching the cells in 

0.25% trypsin, and transferring into new tissue culture flasks. The immortalized human salivary 

gland acinar cells NS-SV-AC have been previously described (Azuma et al, 1993).  These cells 

were selected following transfection of origin-defective SV40 mutant DNA and maintained in 

KGM-2 medium, they were kindly provided by Dr. Masayuki Azuma (Tokushima University 

School of Dentistry, Tokushima, Japan).  The human oral squamous cell carcinoma line OSC2 

was previously described (Osaki et al, 1994).  The cells were cultured in Dulbecco’s Modified 

Eagle’s Medium (DMEM)/Ham’s F12 50/50 MIX medium (Cellgro, Kansas City, MO) 
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supplemented with 10 % (v/v) fetal bovine serum, 100 I.U/ml penicillin, 100 µg/ml streptomycin 

and 5 µg/ml hydrocortisone.   

Cell treatment 

EGCG was dissolved in cell culture media as 5 M stock immediately before use.  Exponentially 

growing cells were incubated with 100 µM EGCG for various time periods (0, 0.5, 2, 6, 24 and 48 

h) in the growth media described above, and then were either extracted for total RNA or protein 

prior to gene array analyses, RT-PCR or Western blots.  

Affymetrix gene array analyses  

Total RNA was isolated from the control and EGCG treated NHEK cells using silica-gel 

membranes and further purified using spin columns (Qiagen, Inc, Valencia, CA). The quantity of 

the RNA was estimated with an RNA quantification kit (RiboGreen, Molecular Probes, Eugene, 

OR), and samples were stored at -70°C. 

Samples  (10 µg) of total RNA were used to make double-stranded cDNA (ds-cDNA) using the 

SuperScript Choice System (Invitrogen/Gibco BRL Life Technologies, Gaithersburg, MD) with 

an oligo-dT primer containing a T7 RNA polymerase promoter (Genset, San Diego, CA).  After 

second-strand synthesis, the reaction mixture was extracted with phenol-chloroform-isoamyl 

alcohol (25:24:1), and ds-cDNA was recovered by ethanol precipitation. Biotin-labeled cRNA 

was then produced from the ds-cDNA by in vitro transcription using the Enzo RNA transcript 

Labeling Kit (Enzo Life Sci, Farmingdale, NY).  The cRNA was purified using an RNeasy 

affinity column (Qiagen), and fragmented randomly to sizes ranging from 35-200 bases by 

incubating with fragmentation buffer (40 mM Tris-acetate, pH 8.1, 10 mM KOAc, 30 mM 

MgOAc)   for 35 min at 94oC. The hybridization solutions contained 100 mM 2-(4-morpholino)-

ethane sulfonic acid (MES), 1 M Na+, 20 mM EDTA, and 0.01% Tween 20.  The final 
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concentration of fragmented cRNA was 0.05 µg/µl in the hybridization solution.  Targets for 

hybridization were prepared by combining 40 µl of fragmented transcripts with sonicated herring 

sperm DNA (0.1 mg/ml), BSA and 5 nM control oligonucleotide (Affymetrix, Santa Clara, CA) 

in a buffer containing 1.0 M NaCl, 10 mM Tris.HCl (pH 7.6), and 0.005% Triton X-100.  Target  

cRNA was hybridized for 16 hr at 45o C to a set of human oligonucleotide arrays (HuG133A; 

Affymetrix, Santa Clara, CA) which contained 22,283 genes.  Arrays were then washed at 50oC 

with stringent solution (100 mM MES, 0.1 M (Na+), 0.01% Tween 20), then at 30oC with non-

stringent washes (6X SSPE (0.18 M NaCl, .01 M sodium phosphate, pH 7.7, 1 mM EDTA), 

0.01% Tween 20). Arrays were then stained with streptavidin-phycoerythrin (Molecular Probes, 

Eugene, OR).  DNA chips were read with a Hewlett-Packard GeneArray Scanner at a resolution 

of 3 µm  and were analyzed with the GENECHIP (Affymetrix Microarray Suite 5, Affymetrix, 

Santa Clara, CA).  Detailed protocols for data analysis of Affymetrix microarrays and extensive 

documentation of the sensitivity and quantitative aspects of the method have been described 

(Lockhart et al 1996).  Briefly, each gene is represented by the use of ~20 perfectly matched 

(PM) and mismatched (MM) control probes.  The MM probes act as specificity controls that 

allow the direct subtraction of both background and cross-hybridization signals.  The number of 

instances in which the PM hybridization signal is larger than the MM signal is computed, along 

with the average of the logarithm of the PM:MM ratio (after background subtraction) for each 

probe set.  These values are used to make a matrix-based decision concerning the presence or 

absence of an RNA molecule.   

Subsequent data analysis was performed with GeneSpring analysis software (Agilent Tech, 

Wilmington, DE).  Data from the Affymetrix analysis were transformed by setting measurements 

less than 0.01 to 0.01. Then each chip was normalized to the 50th percentile of the measurements 
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taken from that chip. Finally, the expression of each individual gene in an experimental condition 

was compared to the control measurement for that gene.  Changes in gene expression greater 

than 2-fold above or below the control (0 time) were considered significant.  

Total RNA extraction and semi-quantitative reverse-transcription PCR (RT-PCR) 

Total RNA was extracted using an RNeasy total RNA isolation system (QIAGEN, Valentia, 

CA). RT reactions and PCR reactions were performed according to the manufacturer’s protocol 

(Super Array Bioscience Corp).  For amplification, the following pair of primers was used,  

GAPDH: Sense, 5’-TCCCATCACCATCTTCCA-3’,  

antisense, 5’-CATCACGCCACACGAGTTTCC-3’;  

SS-A/Ro (469bp): sense 5’-GAACTGCTGCAGGAGGTGATAA-3’,  

antisense 5’-GGCACATTCAGAGAAGGAGT-3’;  

SS-B/La (95bp): sense 5’-CCAAAATCTGTCATCAAATTGAGTATT-3’,  

antisense 5’-CCAGCCTTCATCCAGTTTTATCT-3’. 

Amplification was started by heating for 1.5 min at 94ºC, followed by 30 cycles for 52kD 

SSA/Ro, 25 cycles for GAPDH and 25 cycles for SSB/La, each cycle consisting of 15 second at 

94º C, 30 seconds at 57.3º C, and 1 min at 72º C. A final extension was performed at 72º C for 5 

min prior to gel analysis. 

Western blotting 

Cells were washed in ice-cold PBS and lysed for 20 min in RIPA buffer containing 1 %(v/v) 

Nonidet P-40, 0.5 %(w/v) sodium deoxycholate, 0.1 %(w/v) SDS, 10 µg/ml leupeptin, 3 µg/ml 

aprotinin and 100 mM phenylmethylsulfonyl fluoride (PMSF).  Samples of lysates containing 5-

30 µg protein (it varies in each blot against one specific antibody) were loaded in each lane and 

electrophoretically separated on a 12% SDS polyacrylamide gel.  Following electrophoresis, 
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proteins were transferred to a PVDF membrane (ImmobilonTM-P, Millipore Corporation, Bedford, 

MA).  The membrane was blocked for 1 h with 5 %(w/v) non-fat dry milk powder in PBST (0.1% 

Tween-20 in PBS) and then incubated for 1 h with primary antibody diluted in PBST/milk 

(CENP-C, PARP, coilin and Golgin-67, 1:500; 52 KD Ro/SSA, 1:2,500; actin, 1:2000; and 

La/SSB, 1:50,000).  The membrane was washed three times with PBST and incubated with 

peroxidase-conjugated, affinity-purified anti-rabbit IgG (Santa Cruz Biotechnology, Inc.) for 1 h.  

Following extensive washing, the reaction was developed by enhanced chemiluminescent staining 

using ECL Western blotting detection reagents (Amersham Pharmacia Biotech Inc., Piscataway, 

NJ). 
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RESULTS  

Affymetrix gene array analyses 

Gene arrays provide a valuable tool for studying the broad response of cells to agents, and we 

have used this approach to compare the differential effects of GTPP on gene expression in 

NHEK. The results demonstrated that approximately 2100 genes were either up- or down-

regulated by at least 2-fold in response to 100 µM EGCG in both cell types during the 24 hrs 

post-treatment (data not shown).  Examination of the relative NHEK mRNA levels of genes 

represented on the gene chip  encoding autoantigens previously identified in SLE (Sherer et al., 

2004) revealed a 2-fold or greater change in expression of a number of  genes during the 24 hr 

post-treatment time course (Table 1). 

 

Several patterns of change were observed.  For example, the nuclear autoantigen genes RNA 

polymerase II E and SS-B/La, a cytoskeletal autoantigen gene (α-fodrin) and a Golgi  

autoantigen gene showed a general pattern of rapid (0.5-2 hr initiation) decrease in mRNA levels 

and generally persistent 2-fold or greater reduction during the 24 hr period. Certain autoantigen 

genes showed an initial decrease during the first 2 hrs (e.g., centromere protein C1, coilin), with 

levels returning to near normal by 24 hrs.  Some autoantigen genes (e.g., nuclear antigen SP100 

and scleroderma autoantigen I) showed a rapid initial increase (2-4-fold) followed by a 2-fold or 

greater decrease.  Some autoantigen genes (e.g., one of the three arrayed XRCC5/Ku autoantigen 

genes) showed a transient initial increase, with levels returning to near normal.  In contrast, other 

autoantigen genes did not show a significant change during the time course of the experiment.  

For example, 60 kDa SS-A/Ro (SSA2) did not decline significantly (52 kDa SS-A/Ro cDNA 

was not included in the gene array).  
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Semi-quantitative RT-PCR 

The preliminary array analysis described above provided data suggesting that GTPP could alter 

the expression of some genes encoding autoantigens.  To further test this possibility, three cell 

types, NHEK, NS-SV-AC (an SV40 immortalized cell line derived from human submandibular 

acinar cells) and OSC2 cells (derived from an oral squamous cell carcinoma) were treated with 

100 µM EGCG for different times.  A semi-quantitative estimate of SS-A/Ro and SS-B/La 

mRNA levels was then obtained by RT-PCR during the exponential period of amplification.  

GAPDH was used as a housekeeping gene control.  SS-B/La and SS-A/Ro 52 were selected 

because elevated mRNA levels (2-3 fold) of SS-A/Ro 52 and SS-B/La are found in salivary 

tissues of SS patients (Bolstad et al, 2003), and autoantibodies against SS-A/Ro and SS-B/La are 

found in nearly all (about 95% and 87%, respectively ) primary SS patients (Hahn, 1998). 

Consistent with the gene array data, SS-B/La message decreased progressively and substantially 

in both NHEK and NS-SV-AC cells (Figure 1). The levels of SS-A/Ro (52 kd) mRNA also 

showed a reduction during treatment, although the effect was less pronounced than that seen for 

SS-B/La and was not prominent until 24 hrs.  In OSC2 cells the reduction in SS-B/La mRNA 

was less pronounced and did not occur until 24 hrs of exposure, while SS-A/Ro mRNA showed 

little change.  GAPDH also showed no marked decrease in these cells in response to EGCG, 

indicating the reduction in mRNA levels seen for SS-B/La and SS-A/Ro was not due to a 

generalized effect on the cells. 

Western blotting 

To extend the mRNA data, the protein levels of 6 different autoantigens in NHEK and NS-SV-

AC cells were determined by Western analysis following two treatments with 100 µM EGCG at 

24 and then 48 hrs.  As shown in Figure 2, coilin and PARP protein levels were significantly 
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reduced in both cell lines by 24 hrs, and were barely detectable after 48 hrs.  CENP-C showed a 

similar trend, although the reduction was less pronounced. Neither SS-A/Ro 52 nor SS-B/La 

were dramatically reduced in either cell line by 24 hrs, but were considerably reduced by 48 hrs.  

Golgin-67 was reduced in NS-SV-AC cells by 24 hrs, and barely detectable at 48 hrs.  Golgin-67 

was also reduced in NHEK cells, although the reduction was not as marked and was only 

observed at 48 hrs.  Actin protein levels were unchanged by EGCG during the 48 hr treatment 

period. 
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DISCUSSION 

Studies over the past 20 years have demonstrated that GTPP possess chemoprevention activities, 

and antioxidant, anti-inflammatory, and anti-apoptotic properties (Sueoka et al, 2001), 

suggesting they could be beneficial to patients with autoimmune disorders.  Green tea 

consumption has been shown to have protective effects in autoimmune animal models (Haqqi et 

al, 1999, Yang et al, 1998, Sayama et al, 2003, and Roca et al, 2004).  There are several 

mechanisms by which green tea could act.  Apoptosis has been implicated in the presentation of 

autoantigens and tissue destruction in autoimmune disorders, and reduction in this event could 

ameliorate symptoms. GTPP have been shown to induce differential responses in normal vs. 

tumor cells.  Normal cells are protected: e.g., EGCG protected human salivary acinar and duct 

cells from radiation and chemotherapeutic drug-induced apoptosis (Yamamoto et al, 2004), and 

induced terminal differentiation in NHEK (Hsu et al, 2003). In contrast, tumor cells are induced 

to undergo apoptosis (Ahmad et al, 1997, Yamamoto et al, 2003).  GTPP potently inhibited 

TNFα, a pro-apoptotic cytokine (Yang et al, 1998), and EGCG inhibited TNFα-mediated 

activation of the nuclear factor-κB (NF-κB) pathway, thereby protecting normal cells from 

TNFα-induced apoptosis (Wheeler et al, 2004). Automimmune disorders have an inflammatory 

component. Recently, the anti-inflammatory effects of green tea have been explored with 

promising results (reviewed in Curtis et al, 2004). Studies using transgenic mice suggest that one 

way green tea may block diseases associated with cytokine overexpression is by inhibiting 

transcription of the pro-inflammatory cytokines TNF-α and IL-6 (Sueoka et al, 2001). EGCG 

also showed inhibitory effects on inflammatory pathways mediated by the inflammatory 

cytokine IL-1 (Wheeler et al, 2004), and effectively inhibited IL-1β-induction of matrix 

metalloproteinases 1 and 13 (Ahmed et al, 2004).  The inhibition of IL-1β signaling may occur 
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through the modulation of the mitogen-activating protein kinase (MAPK) pathway components 

(Singh et al, 2003). Green tea and EGCG are able to inhibit IL-8 release in TNFα-stimulated 

normal human epidermal keratinocytes (NHEK) (Trompezinski et al, 2003). A recent study 

showed that EGCG suppressed lipopolysaccharide (LPS)-induced DC maturation, therefore 

reducing the subsequent T cell activation (Ahn et al, 2004).  

 

A significant number of autoantibodies have been described for SLE (Sherer et al., 2004), and 

there is overlap with the autoantibodies found in the sera of patients with SS.  The mechanisms 

leading to presentation of autoantigens to the immune system are not fully understood.  One 

mechanism may be the translocation of nuclear autoantigens onto the cell membrane during 

apoptosis, where they are exposed to antigen-presenting cells (Manganelli and Fietta, 2003).  

During apoptosis, autoantigens redistribute to form apoptotic bodies and blebs, where 

autoantigens such as SS-A/Ro, SS-B/La, Ku, poly(ADP)ribose polymerase (PARP), fodrin, 

golgins and nuclear mitotic apparatus protein (NuMA) are clustered as subcellular structures. An 

aberrant structure of these autoantigen complexes may contribute to the autoimmune response 

(Rosen and Casciola-Rosen, 2004). B cells can be stimulated to proliferate and produce 

autoantibodies by perturbations in the levels of cytokines. Although the exact role of 

autoantibodies in the pathogenesis SLE or SS remains unclear, it is thought they are involved 

directly in some of the clinical manifestations (Mamula et al, 1994).   

 

We report here the novel finding that EGCG, the most abundant GTPP, down-regulates the 

expression of different autoantigens at the mRNA and/or protein levels in different epithelial cell 

types.  This represents a third mechanism, in addition to reducing apoptosis and inflammation, 
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by which GTPP could be useful to the prevention of, and intervention in, autoimmune disorders. 

The concentration of EGCG utilized in this study (100 µM) is achievable in the salivary glands 

(Yang et al. 1999), and topically if the skin barrier is interrupted, as among the patients with SLE 

and psoriasis.   

 

Results from the Affymetrix gene expression analyses indicated that EGCG modulated the 

expression of a group of major autoantigens in NHEK, with several genes showing a 2-fold or 

more reduction in mRNA levels, in some cases after an initial increase.  The various different 

patterns in the kinetics of change among different autoantigens suggest different regulatory 

mechanisms could be involved. A reduction in expression of SS-B/La and SS-A/Ro in NHEK 

and NS-SV-AC cells over a 24 h period was confirmed by RT-PCR (figure 1). In OSC2 cells the 

effects of EGCG were less pronounced. This difference is consistent with the different response 

of this cell line towards EGCG (apoptosis instead of differentiation), and suggests that the 

pathways mediating the inhibitory effect of EGCG on autoantigen expression are altered in 

tumor cells.  It is known that GTPP induces terminal differentiation in NHEK (Hsu et al, 2003), 

raising the possibility that the decrease in expression seen in these cells is a consequence of this 

induction.  However, since NS-SV-AC cells are immortalized human salivary acinar cells 

derived from fully differentiated acinar cells, the down-regulation of autoantigens is not 

necessarily associated directly with cell differentiation. 

 

The SS-A/Ro autoantigen represents at least two independently-expressed nucleocytoplasmic 

ribonucleoproteins, 60 kDa SS-A/Ro and 52 kDa SS-A/Ro, which complex noncovalently with 

small RNA species Y1-Y5 (Chan et al, 1990).  In patients with SS and SLE, 52 kDa SS-A/Ro is 
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the main epitope recognized by anti-SS-A/Ro autoantibodies (Kubo et al, 2002).  Elevated 

mRNA levels (2-3 fold) of SS-A/Ro 52 and SS-B/La are found in salivary tissues of SS patients 

(Bolstad et al, 2003), and autoantibodies against SS-A/Ro and SS-B/La are found in nearly all 

(about 95% and 87%, respectively) primary SS patients (Hahn, 1998). During apoptosis, both 

SS-A/Ro and SS-B/La translocate from the nucleus to the membrane, which may present them as 

targets for ANA (McArhur et al, 2002).  Expression of SS-A/Ro 52 (which was not represented 

on the Affymatrix array) was shown to be reduced by EGCG at the mRNA and protein level in 

two different epithelial cell lines using RT-PCR and Western analyses. Similarly, microarray, 

RT-PCR and Western analyses demonstrated that EGCG reduced expression of SS-B/La.  In 

contrast, the microarray analysis showed that SS-A/Ro 60 mRNA levels were not significantly 

altered by EGCG. Interestingly, oxidative stress induces cell surface expression of SS-A/Ro 52, 

but not SS-A/Ro 60 autoantigen on NHEK cells (Saegusa et al., 2002).  Since GTPP inhibit the 

effects of oxidative stress on normal cells (Yamamoto et al, 2004), this may be one mechanism 

by which EGCG reduces expression of autoantigens.  An inhibitory effect of EGCG on protein 

levels of four other autoantigens was demonstrated by Western analysis in NHEK and NS-SV-

AC cells.  The kinetics of reduction in protein levels differed somewhat between the 

autoantigens.  This could reflect regulation via different pathways, or differences in mRNA or 

protein stability, or in protein trafficking.   

 

In conclusion, we report here, for the first time, that the most abundant green tea constituent, 

EGCG, specifically inhibits expression of certain major autoantigens at the mRNA and protein 

level in NHEK and human salivary acinar cells, two cell types often damaged by SLE and SS, 

respectively.  Our results suggest that EGCG may be able to modulate the presentation of 
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autoantigens, thereby potentially reducing the targets of autoimmune reactions.  Most current 

approaches to treating SLE and SS focus on modifying the immune response (Goldblatt and 

Isenberg, 2005). We hypothesize that oral/topical administration of GTPP might delay the onset 

and reduce the severity of autoimmune disorders by: 1) reducing autoimmune responses and 

decreasing the generation of autoantibodies via inhibition of autoantigen expression; 2) 

protecting the targeted cells, such as epidermal keratinocytes and glandular secretory cells, from 

apoptosis, leading to reduced membrane autoantigen presentation; and 3) inhibiting 

inflammation in affected tissues.  Future studies in animal models and clinical trials will be 

needed to develop novel approaches for the prevention and treatment of autoimmune disorders 

using active phytochemicals such as EGCG. 
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LEGENDS FOR FIGURES 

 

Figure 1.  Expression of SS-B/La and SS-A/Ro (52 kd) mRNA levels in normal, immortalized 

and tumor cells treated with EGCG.  The results of semi-quantitative RT-PCR from EGCG-

treated NHEK, NS-SV-AC and OSC2 cells at 0, 2, 6 and 24 hour are shown for SS-B/La, SS-

A/Ro (52 kd) and GAPDH mRNAs.  SS-B/La levels were progressively and significantly 

reduced in NHEK and NS-SV-AC cells during the time course of exposure. SS-A/Ro (52 kd) 

also showed a modest reduction in these cells after 24 hr.  The reduction in OSC2 cells was 

much less pronounced. No comparable changes in GAPDH levels were seen.  Data are 

representative of three independent determinations. 

 
Figure 2. Western blot results of autoantigen protein levels in EGCG-treated NHEK and NS-SV-

AC cells with actin levels as controls.  Down-regulation of these autoantigens was observed at 48 

h in both cell lines.  Data are representative of three independent determinations from two 

independent treated cell cultures. 
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Table 1. cDNA microarray determination of autoantigen expression in NHEK treated with 100 µM 

EGCG for indicated hours.  Numbers represent fold up/down at the time points normalized to the time 

zero levels.   Repeats represent different cDNA fragments of one gene. 

 

 

Autoantigens      0            0.5           2             6            24 h   incubated with 100 µM EGCG 

 

Inhibited >2 fold       Descriptions 

 

AKAP12 1  0.505   0.991      0.4       0.198   A kinase (PRKA) anchor protein (gravin) 12 

α-NAC  1  0.632   0.521       0.0443   0.469   Homo sapiens alpha-NAC gene for nascent  

            polypeptide-associated complex component  

CENPB  1  0.506     0.773       0.498     0.721   Centromere protein B 

CENPC1 1   1.269     0.457       0.869     0.936   Centromere protein C 1  

FLJ31657 1            0.833     0.603       0.435     0.959   Hypothetical protein FLJ31657 

FLNB  1  0.72   0.92         0.875     0.243   Filamin B, beta (actin binding protein 278) 

FLNB              1            1.379   1.168       0.751     0.249   Filamin B, beta (actin binding protein 278) 

GOLGA1 1            0.398     1.132       0.68       0.9       Golgi autoantigen, golgin subfamily a, 1 

GOLGA2 1            0.332   0.642       0.769     0.949   Golgi autoantigen, golgin subfamily a, 2 

GOLGA3 1  0.533     0.58         0.547     0.419   Golgi autoantigen, golgin subfamily a, 3 

GOLGA4 1  0.822   0.748       0.353     0.664   Golgi autoantigen, golgin subfamily a, 4 

HSA6591 1  0.456     0.835       0.532     0.562   nucleolar cysteine-rich protein 

HUMAUANTIG 1  0.948   0.779       0.444     0.517   nucleolar GTPase 

LMO4  1  0.272     0.867       0.708     1.011   LIM domain only 4 

POLR2A            1            0.13       1.29         1.30       1.02     polymerase (RNA) II (DNA directed)  

                                                                                                polypeptide A,  220kDa 
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POLR2A            1            1.03       0.45         0.44       1.17     polymerase (RNA) II (DNA directed)  

                                                                                                polypeptide A,  220kDa 

POLR2D            1            1.14       0.95         1.04       0.29     polymerase (RNA) II (DNA directed)  

                                                                                                polypeptide D 

POLR2E            1            0.45       0.70         0.87       0.39     polymerase (RNA) II (DNA directed)  

                                                                                                polypeptide E, 25kDa 

POLR3C            1            0.90       0.73         0.45       0.49     polymerase (RNA) III (DNA directed) (62kD) 

POLR3G            1            1.55       1.00         1.05       0.47     polymerase (RNA) III (DNA directed) (32kD) 

SNRPA              1            1.29       0.93         1.35       0.32     small nuclear ribonucleoprotein polypeptide 

                                                                                                A 

SP100   1  1.72       1.037       0.59       0.356   nuclear antigen Sp100 

SPTAN1             1            0.41      0.75         0.56       0.42     spectrin,α, non-erythrocytic 1 (α-fodrin) 

SPTAN1             1            0.49      0.97         0.75       0.71     spectrin,α, non-erythrocytic 1 (α-fodrin) 

SNRPB              1             0.96      0.95         0.76       0.52     small nuclear ribonucleoprotein  

                                                                                                polypeptides B and B1 

SNRPB              1            0.62       0.79         0.67       0.42     small nuclear ribonucleoprotein polypeptides 

                                                                                                B and B1 

SNRPB2            1            0.49       0.67         0.56       0.82     small nuclear ribonucleoprotein polypeptide 

                                                                                                B'' 

SSA2  1  1.009     0.335       0.739     1.17     602540961F1 NIH_MGC_59 Homo sapiens  

                                                                                                cDNA  clone IMAGE:4671854 5', mRNA  

                                                                                                sequence. 

SSB  1  0.838     0.878       0.57       0.273   Sjogren syndrome antigen B (autoantigen  

                                                                                                La) 

SSB  1  0.711     0.739       0.427     0.257   Sjogren syndrome antigen B (autoantigen  

                                                                                                La) 

STRN3  1  0.425   0.623       0.528     0.759   striatin, calmodulin binding protein 3 

TOP1                 1            0.85       1.09         0.84       0.12    topoisomerase (DNA) I 
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TOP1                 1            0.62       0.62         0.33       0.43    topoisomerase (DNA) I 

UBTF  1  0.498     0.484       0.501     0.546   upstream binding transcription factor, RNA  

            polymerase I 

Induced then inhibited >2 fold 

PMSCL1 1            3.993     1.09         0.431     0.496   polymyositis/scleroderma autoantigen 1,  

                                                                                                75kDa 

PSME3  1  2.554     1.151       1.128     0.421   proteasome (prosome, macropain) activator  

            subunit 3 (PA28 gamma; Ki) 

SNRPD1 1  2.098     1.285       0.658     0.425   small nuclear ribonucleoprotein D1  

                                                                                                polypeptide 16kDa 

SP100  1            3.123    1.205       0.636     0.079   nuclear antigen Sp100 

 

Induced then declined to control levels 

ADPRT  1            3.547   1.201       0.992     0.85     ADP-ribosyltransferase (NAD+; poly [ADP- 

                                                                                                ribose] polymerase) 

CENPA  1            7.677     1.095       0.672     0.673   centromere protein A, 17kDa 

MGC5560 1  4.392     1.161       1.646     0.81     hypothetical protein MGC5560 

MGC5560 1  7.07       0.932       2.605     0.552   hypothetical protein MGC5560 

SP110  1  5.725   1.702       1.205     0.978   SP110 nuclear body protein 

SP110  1  4.176   1.804       0.997     0.654   SP110 nuclear body protein 

SNRP70            1            3.59       1.01         2.28       0.51     small nuclear ribonucleoprotein 70kDa  

                                                                                                polypeptide (RNP antigen) 

XRCC5  1            2.338     1.403       0.977     0.771   X-ray repair complementing defective repair 

                                                                                                in Chinese hamster cells 5 (double-strand- 

                                                                                                break rejoining; Ku autoantigen, 80kDa) 

Induced >2 fold 

ANXA11 1  1.043     1.26         2.141     1.946   annexin A11 
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CTDSPL            1            2.83       1.12         2.42       2.10      carboxy-terminal domain, RNA polymerase  

                                                                                                 II,  

                                                                                                 polypeptide A, small phosphatase-like 

Changed <2 fold                                                                                                                             

CALR  1            0.71   0.943       1.482     1.528    calreticulin 

CBARA1 1  0.506     0.773      0.498      0.721 

CHD4  1  0.766     0.811      0.916      0.84      chromodomain helicase DNA binding protein 

                                                                                                 4 

COL17A1 1  1.749     1.102      1.043      0.684    collagen, type XVII, alpha 1 

CTDSP1            1            0.71       1.00        1.25        1.39      carboxy-terminal domain, RNA polymerase  

                                                                                                 II, polypeptide A, small phosphatase 1 

CTDSP2            1            1.61       1.21        0.92        1.71      carboxy-terminal domain, RNA polymerase 

                                                                                                 II, polypeptide A, small phosphatase 2 

dJ963E22.1 1  1.842     0.864      0.723      0.88      Contains the 3' end of a novel gene similar 

                                                                                                 to NY-REN-2 Antigen 

DLAT  1  1.54       0.924      1.031      0.751    dihydrolipoamide S-acetyltransferase (E2  

             component of pyruvate dehydrogenase  

                                                                                                 complex) 

EPPK1  1  0.793   0.856      1.318      0.889    epiplakin 1 

FBL                    1            1.64       1.12        1.09       0.69      casein kinase II β subunit; complete  

                                                                                                 cds.;fabrillin 

G22P1  1  1.15       1.185      1.127      0.792    thyroid autoantigen 70kDa (Ku antigen) 

GMEB2  1  0.584     0.739      0.626      0.745    glucocorticoid modulatory element binding 

                                                                                                 protein 2  

GOLGA5 1            1.566   0.928      0.731      1.494    golgi autoantigen, golgin subfamily 

                                                                                                 a, 5 

GOLGB1 1  0.969     0.704      0.56        0.688    golgi autoantigen, golgin subfamily b,  

                                                                                                 macrogolgin (with transmembrane signal), 1 
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HARS  1            1.27   1.11     0.83       0.72      histidyl-tRNA synthetase 

HARSL              1            1.12       1.05        0.88        1.00      histidyl-tRNA synthetase-like 

IMP-2  1            1.615   1.366      0.635      0.665    IGF-II mRNA-binding protein 2 

LAD1  1  0.799     0.681      0.954      0.553    Human ladinin (LAD) gene, complete cds. 

LMO4  1  0.6   1.199      1.133      0.659    LIM domain only 4 

NS  1  0.634   0.95        0.519      0.814    nucleostemin 

PDHB  1  1.079   1.14        0.745      0.818    pyruvate dehydrogenase (lipoamide) beta 

PDX1  1            1.103   0.765      0.646      0.903    E3-binding protein 

PMSCL2 1            0.959   0.938      1.058      0.717    polymyositis/scleroderma autoantigen 2,  

                                                                                                 100kDa 

POLR1B            1            0.67       1.03        0.98       1.04       polymerase (RNA) I polypeptide B, 128kDa 

POLR1D            1            0.90       0.96        1.04       1.31       hypothetical protein MGC9850 

POLR2B            1            1.83       1.02        0.59        0.74      polymerase (RNA) II (DNA directed)  

                                                                                                 polypeptide B, 140kDa 

POLR2C            1            1.32       1.60        1.53        1.66      polymerase (RNA) II (DNA directed)  

                                                                                                 polypeptide C, 33kDa 

POLR2F            1             0.90       1.00        1.17        0.80     polymerase (RNA) II (DNA directed)  

                                                                                                 polypeptide F 

POLR2G           1             1.09       1.02         0.74       0.89     polymerase (RNA) II (DNA directed) 

                                                                                                 polypeptide G 

POLR2H            1            0.88       0.85       1.02         1.15      polymerase (RNA) II (DNA directed)  

                                                                                                 polypeptide H 

RALY  1            1.556   0.752      1.496      0.612    RNA binding protein (autoantigenic, hnRNP- 

             associated with lethal yellow) 

SART1  1            1.982   1.188      1.462      0.98      squamous cell carcinoma antigen  

                                                                                                recognised by T cells 

SLC25A16 1  1.022     0.886      1.099      1.144    Homo sapiens, Similar to cytochrome c-like  

                                                                                                 antigen, clone MGC:2960 IMAGE:3139311, 
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                                                                                                 mRNA, complete cds. 

SNRPD1 1  0.755     0.676      0.612      0.517    small nuclear ribonucleoprotein D1 

                                                                                                 polypeptide  16kDa 

SNRPC             1             1.28       1.03        1.28        1.12     small nuclear ribonucleoprotein polypeptide  

                                                                                                C 

SOX13  1  1.304     0.771      1.24        1.582    SRY (sex determining region Y)-box 13 

SP110  1            1.149     1.026      0.7          0.621    SP110 nuclear body protein 

SPTBN1            1            0.91       0.92        0.95        0.72      spectrin,β, non-erythrocytic 1 

SSA2  1  0.709   0.919      0.687      0.88      Sjogren syndrome antigen A2 (60kDa,  

             ribonucleoprotein autoantigen SS-A/Ro) 

SSA2  1  0.505     0.957      0.571      1.556    Homo sapiens cDNA FLJ13982 fis, clone  

             Y79AA1001711, highly similar to Human  

                                                                                                 60-kdal ribonucleoprotein (Ro) mRNA 

SSA2  1            0.596     0.98        0.85        0.94      Homo sapiens cDNA FLJ13982 fis, clone  

             Y79AA1001711, highly similar to Human 60- 

                                                                                                 kdal ribonucleoprotein (Ro) mRNA 

SSNA1  1            1.354   1.17        1.608      0.948    Sogren's syndrome nuclear autoantigen 1 

SSSCA1 1  1.267   1.694      1.005      1.228    Sjogren's syndrome/scleroderma  

                                                                                                 autoantigen 1 

XRCC5  1  1.87   1.141      0.958      0.725    X-ray repair complementing defective repair  

                 in Chinese hamster cells 5 (double-strand- 

                          break rejoining; Ku autoantigen, 80kDa)  

Not detected 

ABCA7, AMPH, ANXA11, ASRGL1, CENPE. CHD3, CHD5, DEAF1, FLJ10613, FLJ12595, GAD1, GAD2, 

GMEB1, GOLGA6, ICA1, LMOD1, LOC93349, PC, PRTN3, PTPRN, PTPRN2, RCD-8, SC65, SE20-4, 

SP140, SSA1, STRN, TIGD6, TMPRSS3, TPX1 
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