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BACKGROUND / INTRODUCTION
Primary Sjögren’s syndrome (pSS) is 
a chronic autoimmune disorder with a 
diverse clinical picture that ranges from 
a mild, limited to exocrine glands, to 
severe/life-threatening, multi-systemic 
disease with serious implications for life 
quality and productivity and develop-
ment of B-cell non-Hodgkin lymphoma 

(NHL) in 6-10% of patients.1 In the ma-
jority of pSS patients, NHL starts in the 
exocrine glands, such as the salivary 
glands, which are the major target of 
pSS autoimmune responses. NHL rep-
resents the major adverse outcome of 
the disease, influencing both morbidity 
and mortality.1-6 The high frequency of 
transformation to lymphoid malignancy 
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RESEARCH PROTOCOL

Primary Sjögren’s syndrome (pSS) is a chronic autoimmune disorder with diverse clinical picture 
and high prevalence of B-cell non-Hodgkin lymphoma (NHL), that possibly raises from the chronic 
activation of B-cells. The mechanisms underlying the development of neoplasia in pSS remain elusive. 
Activated Akt/mTOR pathway is a uniform finding in cancer, whereas its significance in haematologic 
malignancies is highlighted by the plethora of inhibitors with promising therapeutic efficacy. PI3K-Akt 
activation has been involved in the TLR3-induced apoptosis of cultured salivary gland epithelial cells 
(SGECs), whereas upregulated expression of the phosphorylated ribosomal S6 protein (pS6), an end-
result of PI3K signalling, has been detected in the infiltrating T and B lymphocytes at the MSG lesions 
of pSS patients; nevertheless, without specifying if this was mediated by the Akt/mTOR or Ras/ERK 
pathways. To this end, the role of Akt/mTOR pathway in pSS and associated lymphomagenesis, 
will be investigated by the immunohistochemical detection of the entire and phosphorylated protein 
forms of Akt kinase and two of its substrates, namely the FoxO1 transcription factor and the proline-
rich Akt substrate of 40-kDa (PRAS40) in MSGs of pSS patients with variable histological and clinical 
phenotype, as well as sicca-complaining controls. Subsequently, the role of this pathway will be 
evaluated in in-vitro inhibition experiments, studying the effect of specific inhibitors in the phenotype, 
function, and interaction of SGECs and B cells. The current proposal is expected to promote the 
understanding of pSS pathogenesis, enlighten the mechanisms underlying related lymphomagenesis 
and possible therapeutic targets.
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in pSS among autoimmune rheumatic diseases7,8 and 
the accessibility of the affected organ, the minor salivary 
glands (MSG), render pSS an ideal model for the study 
of lymphomagenesis associated with autoimmune dis-
eases and inflammation. The mechanisms underlying 
the development of neoplasia in pSS remain elusive. The 
existence of several clinical, laboratory and histological 
features present at diagnosis, including salivary gland 
enlargement (SGE), purpura, vasculitis, leukopenia, 
cryoglobulinemia, hypocomplementemia, rheumatoid 
factor, the severity of histopathologic MSG infiltrates, 
their organization into germinal centres (GC) and the 
infiltration by certain cell types, such as macrophages, in 
the pSS patients who are at high-risk to develop NHL in 
the future3,9-15 suggest that it is a chronic, multi-step pro-
cess. Generally, it is considered that lymphomagenesis in 
pSS is a multistep process that arises from the chronic, 
continuous, antigen-driven B-cell stimulation resulting in 
the ineffective control of IgV gene recombination, chro-
mosomal translocations, activation of proto-oncogenes, 
inactivation of tumour-suppressor genes, and ultimately 
to malignant transformation.14,16 The cellular source of the 
antigenic stimulation of B cells and the type of antigens 
are elusive. The organization of MSG infiltrates in ectopic 
germinal centres (GC) is considered critical for the activa-
tion of autoreactive B cells and the development of MALT 
lymphomas.15,17,18 Furthermore, salivary gland epithelial 
cells (SGECs) that are the key regulators of the pSS 
autoimmune responses in MSGs,19,20 have been shown 
to drive the differentiation of B cells, in a similar manner 
to that observed in MSG lesions,19,21 suggesting that they 
may be involved in the chronic activation of B cells and 
lymphomagenesis. The molecular pathways underlying 
the lymphomagenesis in pSS are under study.  
Akt is a phosphoinositide-dependent serine/threonine 
kinase that regulates cell cycle, metabolism, proliferation, 
cell survival, apoptosis, growth, and angiogenesis in 
response to extracellular signals provided by growth fac-
tors, cytokines and other stimuli.22 Therefore, it is directly 
related to cellular senescence, proliferation, apoptosis, 
and cancer. The PI3K/Akt/mTOR pathway operates 
as follows: the external signal, eg, growth factor, binds 
to the receptor tyrosine kinases (RTKs) which activate 
the PI3 Kinase (PI3K) that phosphorylates phosphati-
dylinositol biphosphate (PIP2) to D3-phosphorylated 
phosphoinositides (PIP3). These bind to both phospho-
inositide-dependent kinase 1 (PDK1) and Akt protein, 
recruit Akt protein at the cell membrane, allowing PDK1 
to reach and phosphorylate threonine-308 (T308) of Akt, 
leading to its partial activation. Then, Akt is phosphory-
lated at serine-473 (S473) by the mammalian target of 
Rapamycyin (mTOR) Complex-2 (mTORC2) resulting in 
full Akt activation. Activated Akt translocates to the cy-
toplasm and nucleus, where it phosphorylates a number 
of substrates implicated in the afore-mentioned cellular 

procedures, including critical regulators of cell growth, 
survival and apoptosis, such as the FoxO1 transcription 
factor, p53 oncogene, the proline-rich Akt substrate of 40 
kDa (PRAS40), which is a component of mTORC1.23-28 
Activated PI3K/Akt/mTOR pathway is a uniform finding 
in cancer, including hematologic malignancies,29,30 
whereas its significance in oncogenesis is highlighted 
by the plethora of inhibitors (dual PI3K–mTOR inhibitors, 
PI3K inhibitors, Akt inhibitors and mTOR inhibitors) that 
are in clinical development for the treatment of cancer, 
with promising results in hematologic malignancies.30-32 
Little is known for the role of Akt/mTOR pathway in the 
pathogenesis of pSS. PI3K-Akt activation has been 
involved in the TLR3-induced apoptosis of cultured 
salivary gland epithelial cells (SGECs),33 whereas upreg-
ulated expression of the phosphorylated ribosomal S6 
protein (pS6), an end-result of PI3K signalling, has been 
detected in the infiltrating T and B lymphocytes at the 
MSG lesions of pSS patients34,35; nevertheless, without 
specifying if this was mediated by the Akt/mTOR or 
Ras/ERK pathways. This data suggest that Akt/mTOR 
pathway may be implicated in the pathogenesis of pSS 
and related lymphomagenesis.

AIM OF THE STUDY
The current proposal aims to study the implication of 
the Akt/mTOR pathway in the pathogenesis of pSS. 
This approach is expected to reveal new pathogenetic 
pathways with therapeutic potential and to promote 
the understanding of the mechanisms underlying the 
lymphomagenesis in pSS. The latter is critical for the 
development novel therapeutic approaches and possibly 
for the containment of lymphoma development. 

RESEARCH PLAN – METHODS
The activation of AKT and its signalling pathway will 
be examined by studying immunohistochemically the 
expression of both the entire and activated (phosphory-
lated) forms of the major molecules comprising the Akt/
mTOR pathway, namely Akt and its substrates FoxO1 
and PRAS40, in MSGs from pSS patients (low-risk for 
lymphoma, prelymphoma, and lymphoma), as well as 
sicca controls (patients who had been subjected to MSG 
biopsy due to sicca symptoms, but had negative biopsy 
and did not express any autoantibodies). Furthermore, 
depending on the findings in MSGs, the expression of 
the afore-mentioned molecules will be also analysed in 
SGECs and B cells from pSS patients and sicca con-
trols by western blotting. The analysis of the entire and 
phosphorylated protein expression of each molecule 
will be performed by commercially available antibodies 
[entire Akt: clone C67E7 (Cell Signalling Technology), Akt 
phosphorylated at T308 (phosphoAkt-T308, Origene), 
Akt phosphorylated at S473 (phosphoAkt-S473, 
clone EP2109Y, Abcam), PRAS40 (clone D23C7, Cell 
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Signalling Technology), phosphorylated PRAS40 at T246 
(phosphoPRAS40-T246, polyclonal, Abcam), FoxO1 
(clone D29H4, Cell Signalling Technology) and FoxO1 
phosphorylated at S319 (phosphoFoxO1-S319, poly-
clonal, Abcam)]. In addition, the cell types expressing 
these molecules will be identified immunohistochemically 
using specific markers, including cytokeratins for epi-
thelial cells, CD3 and CD20 for T and B lymphocytes, 
respectively, and CD21 for follicular dendritic cells.
In case of differential expression of Akt pathway relat-
ed molecules in pSS patients at high risk to develop 
lymphoma (as we hypothesise based on preliminary 
experiments), the role of this pathway will be studied in 
functional in vitro inhibition experiments, where SGECs 
and B cells from pSS patients will be cultured in the pres-
ence of specific inhibitors, such as LY294002, followed 
by phenotypic analysis using flow cytometry, western 
blotting and evaluation of cytokine production by com-
mercially available ELISA kits. Furthermore, the effect of 
the inhibition of AKT pathway in the interaction of SGECs 
and B cells and in the SGEC-driven B cell activation will 
be investigated by the addition of specific inhibitors in the 
co-culture systems and phenotypic analysis of B cells 
by flow cytometry, as well as by evaluating the cytokine 
production in culture supernatants by commercially 
available ELISAs.
The study has been approved by the Ethics Committee 
of School of Medicine, NKUA, Greece (Protocol-No.: 
489), whereas our preliminary results presented below 
support the feasibility of the project. 

Preliminary results that feed into our project
The expression of phosphorylated AKT at S473 has been 
examined immunohistochemically in MSG tissues ob-
tained from a) two pSS patients without NHL, b) one pSS 
patient two years before MALT-NHL diagnosis (pre-lym-
phoma), c) the same pSS patient on NHL diagnosis and 
d) two sicca-controls. Expression of the fully activated 
AKT was detected in the ductal epithelia and the infiltrat-
ing mononuclear cells at the MSGs obtained from the 
patient who developed MALT (before and on NHL onset), 
but not in the tissues from the patient without lymphoma 
or the sicca-controls (data not shown). These findings 
suggest that Akt/mTOR pathway is activated in the pSS 
patients who are going to develop or have lymphoma 
and is implicated in pSS-related lymphomagenesis.

IMPACT OF THE STUDY
The study is expected to enlighten the pathogenetic 
mechanisms underlying pSS pathogenesis and re-
lated lymphomagenesis. Furthermore, considering 
the existence of therapeutic regimens targeting Akt/
mTOR pathway, the findings of the present study may 
justify the evidence-based therapeutic administration 
of these agents, for the treatment and/or prevention of 

the pSS-related NHL. This is of high importance, since 
up to date, the use of expensive biological treatments, 
such as B cell depletion therapy, has poor results in pSS 
treatment and related lymphoma.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

REFERENCES
1. Tzioufas AG, Kapsogeorgou EK, Moutsopoulos HM. Pathogenesis 

of Sjogren’s syndrome: what we know and what we should learn. 
J Autoimmun 2012;39(1-2):4-8.

2. Voulgarelis M, Dafni UG, Isenberg DA, Moutsopoulos HM. 
Malignant lymphoma in primary Sjogren’s syndrome: a multicenter, 
retrospective, clinical study by the European Concerted Action on 
Sjogren’s Syndrome. Arthritis Rheum 1999;42(8):1765-72.

3. Skopouli FN, Dafni U, Ioannidis JP, Moutsopoulos HM. Clinical 
evolution, and morbidity and mortality of primary Sjogren’s 
syndrome. Semin Arthritis Rheum 2000;29(5):296-304.

4. Theander E, Manthorpe R, Jacobsson LT. Mortality and causes of 
death in primary Sjogren’s syndrome: a prospective cohort study. 
Arthritis Rheum 2004;50(4):1262-9.

5. Papageorgiou A, Ziogas DC, Mavragani CP, Zintzaras E, Tzioufas 
AG, Moutsopoulos HM, et al. Predicting the outcome of Sjogren’s 
syndrome-associated non-hodgkin’s lymphoma patients. PLoS 
One 2015;10(2):e0116189.

6. Ioannidis JP, Vassiliou VA, Moutsopoulos HM. Long-term risk 
of mortality and lymphoproliferative disease and predictive 
classification of primary Sjogren’s syndrome. Arthritis Rheum 
2002;46(3):741-7.

7. Kassan SS, Thomas TL, Moutsopoulos HM, Hoover R, Kimberly 
RP, Budman DR, et al. Increased risk of lymphoma in sicca 
syndrome. Ann Intern Med 1978;89(6):888-892.

8. Zintzaras E, Voulgarelis M, Moutsopoulos HM. The risk of 
lymphoma development in autoimmune diseases: a meta-analysis. 
Arch Intern Med 2005;165(20):2337-44.

9. Baimpa E, Dahabreh IJ, Voulgarelis M, Moutsopoulos HM. 
Hematologic manifestations and predictors of lymphoma 
development in primary Sjogren syndrome: clinical and 
pathophysiologic aspects. Medicine (Baltimore) 2009;88(5):284-93.

10. Brito-Zeron P, Ramos-Casals M, Bove A, Sentis J, Font J. Predicting 
adverse outcomes in primary Sjogren’s syndrome: identification of 
prognostic factors. Rheumatology (Oxford) 2007;46(8):1359-62.

11. Christodoulou MI, Kapsogeorgou EK, Moutsopoulos HM. 
Characteristics of the minor salivary gland infiltrates in Sjogren’s 
syndrome. J Autoimmunity 2010; 34(4):400-7.

12. Gerli R, Muscat C, Giansanti M, Danieli MG, Sciuto M, Gabrielli 
A, et al. Quantitative assessment of salivary gland inflammatory 
infiltration in primary Sjogren’s syndrome: its relationship to different 
demographic, clinical and serological features of the disorder. Br J 
Rheumatol 1997;36(9):969-75.

13. Nocturne G, Virone A, Ng WF, Le Guern V, Hachulla E, Cornec 
D, et al. Rheumatoid Factor and Disease Activity Are Independent 
Predictors of Lymphoma in Primary Sjogren’s Syndrome. Arthritis 
Rheumatol 2016;68(4):977-85.

14. Papageorgiou A, Voulgarelis M, Tzioufas AG. Clinical picture, 
outcome and predictive factors of lymphoma in Sjogren syndrome. 
Autoimmun Rev 2015;14(7):641-9.

15. Theander E, Vasaitis L, Baecklund E, Nordmark G, Warfvinge G, 
Liedholm R, et al. Lymphoid organisation in labial salivary gland 
biopsies is a possible predictor for the development of malignant 
lymphoma in primary Sjogren’s syndrome. Ann Rheum Dis 
2011;70(8):1363-8.

16. Bombardieri M, Pitzalis C. Ectopic lymphoid neogenesis 
and lymphoid chemokines in Sjogren’s syndrome: at the 
interplay between chronic inflammation, autoimmunity and 
lymphomagenesis. Curr Pharm Biotechnol 2012;13(10):1989-96.

THE ROLE OF THE AKT SIGNALING PATHWAY IN SJÖGREN’S SYNDROME



MEDITERRANEAN JOURNAL 
OF RHEUMATOLOGY

34
1
2023

116

MEDITERRANEAN JOURNAL 
OF RHEUMATOLOGY

34
1
2023

17. Bombardieri M, Barone F, Humby F, Kelly S, McGurk M, Morgan P, 
et al. Activation-induced cytidine deaminase expression in follicular 
dendritic cell networks and interfollicular large B cells supports 
functionality of ectopic lymphoid neogenesis in autoimmune 
sialoadenitis and MALT lymphoma in Sjogren’s syndrome. J 
Immunol 2007;179(7):4929-38.

18. Pitzalis C, Jones GW, Bombardieri M, Jones SA. Ectopic lymphoid-
like structures in infection, cancer and autoimmunity. Nat Rev 
Immunol 2014;14(7):447-62.

19. Kapsogeorgou EK, Tzioufas AG. Glandular epithelium: Innocent 
bystander or leading actor In: Sjogren’s Syndrome: Novel Insights 
in Pathogenic, Clinical and Therapeutic Aspects. Edited by Roberto 
Gerli EB, Alessia Alunno, Academic Press; 2016:189-98.

20. Moutsopoulos HM. Sjogren’s syndrome: autoimmune epithelitis. 
Clin Immunol Immunopathol 1994;72(2):162-5.

21. Morva A, Kapsogeorgou EK, Konsta OD, Moutsopoulos HM, 
Tzioufas G. Salivary Gland Epithelial Cells (Sgecs) Promote the 
Differentiation of B Cells. Ann Rheum Dis 2013;72:77.

22. Bellacosa A, Chan TO, Ahmed NN, Datta K, Malstrom S, Stokoe 
D, et al. Akt activation by growth factors is a multiple-step process: 
the role of the PH domain. Oncogene 1998;17(3):313-25.

23. Bellacosa A, Testa JR, Staal SP, Tsichlis PN. A retroviral oncogene, 
akt, encoding a serine-threonine kinase containing an SH2-like 
region. Science 1991;254(5029):274-77.

24. Bozulic L, Hemmings BA. PIKKing on PKB: regulation of PKB 
activity by phosphorylation. Curr Opin Cell Biol 2009;21(2):256-61.

25. Fayard E, Xue G, Parcellier A, Bozulic L, Hemmings BA. Protein 
kinase B (PKB/Akt), a key mediator of the PI3K signaling pathway. 
Curr Top Microbiol Immunol 2010;346:31-56.

26. Franke TF, Yang SI, Chan TO, Datta K, Kazlauskas A, Morrison DK, 
et al. The protein kinase encoded by the Akt proto-oncogene is 
a target of the PDGF-activated phosphatidylinositol 3-kinase. Cell 
1995;81(5):727-36.

27. Risso G, Blaustein M, Pozzi B, Mammi P, Srebrow A. Akt/PKB: one 
kinase, many modifications. Biochem J 2015;468(2):203-14.

28. Sarbassov DD, Guertin DA, Ali SM, Sabatini DM. Phosphorylation 
and regulation of Akt/PKB by the rictor-mTOR complex. Science 
2005;307(5712):1098-101.

29. Fruman DA, Rommel C. PI3K and cancer: lessons, challenges and 
opportunities. Nat Rev Drug Discov 2014;13(2):140-56.

30. Blachly JS, Baiocchi RA. Targeting PI3-kinase (PI3K), AKT and 
mTOR axis in lymphoma. Br J Haematol 2014;167(1):19-32.

31. Hoegenauer K, Soldermann N, Zecri F, Strang RS, Graveleau N, 
Wolf RM, et al. Discovery of CDZ173 (Leniolisib), Representing a 
Structurally Novel Class of PI3K Delta-Selective Inhibitors. ACS 
Med Chem Lett 2017;8(9):975-80.

32. Wang J, Xu-Monette ZY, Jabbar KJ, Shen Q, Manyam GC, 
Tzankov A, et al. AKT Hyperactivation and the Potential of AKT-
Targeted Therapy in Diffuse Large B-Cell Lymphoma. Am J Pathol 
2017;187(8):1700-16.

33. Nakamura H, Horai Y, Suzuki T, Okada A, Ichinose K, Yamasaki S, 
et al. TLR3-mediated apoptosis and activation of phosphorylated 
Akt in the salivary gland epithelial cells of primary Sjogren’s 
syndrome patients. Rheumatol Int 2013;33(2):441-50.

34. Blokland SLM, Hillen MR, Wichers CGK, Zimmermann M, Kruize 
AA, Radstake T, et al. Increased mTORC1 activation in salivary gland 
B cells and T cells from patients with Sjogren’s syndrome: mTOR 
inhibition as a novel therapeutic strategy to halt immunopathology? 
RMD Open 2019;5(1):e000701.

35. Nayar S, Campos J, Smith CG, Iannizzotto V, Gardner DH, 
Colafrancesco S, et al. Phosphatidylinositol 3-kinase delta 
pathway: a novel therapeutic target for Sjogren’s syndrome. Ann 
Rheum Dis 2019;78(2):249-60.




