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Background & Objective: It is not clear whether activated lymphocytes of patients
) Lymphocyte, with systemic lupus erythematosus (SLE) are more proliferative or less apoptotic. We
Systemic Lupus Erythematosus, imed to delineate potential differences between B and T cells of SLE patients
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Methods: In this cross-sectional case control study, Blood samples were taken from 10 SLE
patients and 10 healthy controls. B and T cells were separated using magnetic cell sorting
system. Telomeric repeat amplification protocol (TRAP) assay and real-time PCR were used
to determine the telomerase activity and the expression of alternatively spliced variants.

Results: Four patients under treatment showed significant telomerase activity in their
T cells. Four of the newly diagnosed patients showed telomerase activity in their B cells
(20% of all patients and 40% of new onset patients). There was no specific pattern of
human telomerase reverse transcriptase variant expression within the patients’
lymphocytes. A significantly reduced expression of Bcl-2 was detected in B cells
(P=0.018) and a trend toward lower Bcl-2 expression in T cells was seen in SLE patients
compared to healthy controls.
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Conclusion: Although not definitive, our results may suggest that B cells may have more
active roles during the earlier phases of the disease attack, while T cells take over when the
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disease reaches its chronic stages.
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Introduction

Systemic Lupus Erythematosus (SLE) is a chronic
autoimmune disease that can cause dysfunction of
multiple body organs such as the skin, joints, nervous
system, Kidneys, heart and hematopoietic system.
Much evidence shows contribution of both adaptive
and innate immunity in the pathogenesis of the disease,
while T cell dependent B cell activation has a central
role in this scenario (1,2).

Like other cells, proliferation and expansion of the
lymphocytes is dependent on the activation of the cell
cycle, for which stability of chromosomal telomere is
critical. Maintenance of telomere by itself relies on
the function of telomerase enzyme complex which is
composed of an RNA subunit, human telomerase
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RNA (hTR), and a protein component, human
telomerase reverse transcriptase (hTERT) (3).
Literature shows the existence of multiple alternative
splicing variants for hTERT which take part in
regulation of telomerase activity (4,5). Studies on
different cell types have shown that spliced variants o

deletion and P deletion are the most abundant variants
of hTERT (6).

Subsequent to lymphocyte activation and
proliferation, different mechanisms may act to subside
the activation status of these cells and keep
homeostasis. Apoptosis is one of the mechanisms
which can be triggered by different pathways (7).
External pathway initiates by interaction of the ligands
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to death receptors of the cells, while the internal
pathway originates from the mitochondria. Several
factors contribute to the apoptosis process and control
of the pathways. Within the intrinsic pathway, some
members of Bcl-2 family act as pro-apoptotic factors,
while others work to halt the pathway (8).

We hypothesized that in SLE patients, the variation
in factors controlling proliferation and survival of
lymphocytes may contribute to improper activation of
the lymphocytes and hence autoimmunity. Therefore,
in this study we investigated the possible variation in
the expression of the alternative splicing forms of
hTERT and correlated them with the findings related to
the expression of bcl2, anti-apoptotic factor in the same
patients and compared them with the results obtained
from healthy individuals.

Materials and Methods
Patients and Controls

Ten female patients who were admitted in Hafez
hospital, Shiraz, Iran, from January to May 2015 with
definite diagnosis of SLE and ten healthy volunteers
were recruited in this study. Co-existence of
malignancy was considered as the exclusion criteria. Of
them, five patients were newly diagnosed SLE patients
who had not received immunomodulatory medications.
The other five patients were under treatment with
medications. Healthy controls were women in the same
range of age as the patients and had not received
immunosuppressive medications during or before the
study, or had any chronic inflammatory conditions such
as atherosclerotic cardiovascular disease, Diabetes
mellitus, and degenerative joint disorders. The study
was explained for them and a written consent was taken
from all the participants. The study was approved by
the ethics committee of Shiraz University of Medical
Sciences. Peripheral blood samples of 20 mL were
taken by venipuncture with EDTA solution (10 pL of
0.5 M stock) as anticoagulant.

Isolation of B and T cells

Peripheral blood mononuclear cells (PBMC)
were isolated using gradient density centrifugation
on ficoll-Hypaque (Lymphodex, Inno-Train). The
layer of mononuclear cells was isolated, and the
number of isolated cells was determined using a
hemocytometer.

CD3+ and CD19+ cells were purified from the
PBMCs using magnetic micro-beads coated with anti-
CD3 or CD19 antibodies, respectively, according to the
manufacturer’s instruction (Miltenyibiotec, Germany).

Flow Cytometry

Flow cytometry analysis was used for further
characterization of the purified cells using Fluorescein
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isothiocyanate (FITC) conjugated mouse anti-human
monoclonal antibodies against CD3, CD4, CD45 and
Phycoerythrin (PE) conjugated antibodies against CD8,
CD14, CD16, CD19 and CD56, in different
combinations. All antibodies were purchased from
Abcam, UK. The cells were suspended in FACS buffer
containing 2% fetal bovine serum and stained with
appropriate amounts of antibodies at 4°C in dark.
Mouse IgG1 and IgG2 isotopes antibody controls were
used as negative control to determine the possible non-
specific staining. A four color FACS Caliber
instrument with Cell Quest Pro acquisition software
(BD, US) was used to test the cells. Flow data were
analyzed and graphically presented by Win MDI
software.

Quantitative RT-PCR

The total RNA of the purified cells was extracted by
Trizol reagent (Invitrogen, USA) in accordance with
the manufacturer’s instructions. RNA samples were
treated with DNase | (Fermentas, Vilnius, Lithuania) to
remove the genomic DNA contamination. cDNA was
synthesized from 5ug of the total RNA with the Revert
Aid H minus First Strand cDNA Synthesis Kit
(Fermentas, Lithuania).

The hTERT variant transcripts were measured by
real time PCR, using specific primer sets for each
variant (a-deletion, B-deletion, af-deletion and Full
length) (Table 1) and sybr green 1 (Applied
Biosystems, USA) as reporter dye on Chromo4
Detector thermal cycler (Bio-Rad, USA). Primer-Blast
online freeware
(http://Aww.ncbi.nlm.nih.gov/tools/primer-blast/) was
used to design specific primers. Expression of B-actin
was used as a housekeeping gene in analysis.

Figure 1 shows the location of deletions and the
binding sites of the designed primers on hTERT
MRNA.

PCR reactions were set up in a final volume of 20
uL reaction. The mixture contained master mix, 0.5 ug
of cDNA and 100nM of each primer. The cycling
program comprised of an initial denaturation at 95°C
for 10 min and 45 cycles of denaturation at 95°C for
15s, annealing at 60°C for 50s, extension at 78°C for
34s. Fluorescence emission was collected at the end of
the extension time. The specificity of amplifications
was confirmed by melting curve analysis. Relative
expression of hTERT variants was calculated by 24
formula.

Relative expression of Bcl-2 was relatively
guantified against 18sSRNA housekeeping gene in the
purified B cells and T cells of patients and healthy
controls by real time PCR. Table 1 displays the
sequence of forward and reverse primers used for
analysis of expression pattern of the mentioned genes.
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Fig. 1. Position of the primers on the hTERT mRNA and deletion sites of different variants of hnTERT

Table 1. The sequence of primers used for Real Time PCR in relative quantitation of hTERT variants in purified cells and

apoptotic factor (Bcl-2) in purified lymphocytes

Position Sequence

exo6 (F) primer
Alpha (F) primer
exo7 (R) primer
beta (R) primer
p-actin (F)
p-actin (R)
18sRNA (F)
18sRNA (R)
bcl-2 (F)
bcl-2 (R)

Quantitative Determination of Telomerase
Activity

To quantify telomerase activity in Band T cells, the
telomeric repeat amplification protocol (TRAP) assay
was performed using the TeloTAGGG Telomerase
PCR ELISA kit (Roche, Germany), according to the
manufacturers’ instructions.

Statistical Analysis

The “one sample Kolmogorov-Smirnov” test was
used to determine the distribution of data. Student t-test or
by Mann-Whitney post-test was used to analyze the
differences between the results based on data distribution.
P value <0.05 was considered as statistically significant.

Results
Patient Data

SLE diagnosis of the patients who participated in
this study was confirmed by clinical and laboratory
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5-TTG TCA AGG TGG ATG TGA CG -3'
5-CTT TGT CAA GGA CAG GCT CA -3'
5'- ATG TAC GGC TGG AGG TCT GT -3'
5'-GGA CGT AGGACGTGGCTCT -3'
5'- ACA GAG CCT CGCCTTTGC CG -3'
5'- CAC CAT CAC GCCCTG GTG CC -3'
5-CGA ACG TCT GCC CTATCAACT T-3'
5'-ACC CGT GGT CAC CAT GGT A-3'
5'-ACG GAG GCT GGG ATGCCT TT-3'
5'-CAA GCT CCC ACC AGG GCC AA-3'

data. Table 2 contains the demographic data and
laboratory test results of the patients.

Purity of the Magnetic Cell Separation of T and
B Lymphocytes

Magnetic beads and column were used to purify B
and T lymphocytes from fresh blood samples. Flow
cytometry analysis was used to assess the purity of the
separated cells. Results showed that the mean purity of
the isolated T cells was 98.4+0.8%, while 72.6+0.6%
of them were CD4+ cells and 20.6+0.5% were CD8+
cells. CD19, CD16 and CD14 positive cells were all
less than 0.5%. B-cell isolation also reached a similar
purity and 87.4+0.9% of the purified cells were found
CD19+. There were less than 0.5% of CD16 and CD14
positive cells in those preparations. However, a small
fraction of CD3+ cells (8.4%+0.4%) could be detected
in some preparations (Figure 2).
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Table 2. Demographic data and laboratory test results of the SLE patients

P Sex Age WBC Lymph A dsDNA  ANA roteinuria el Under treatment Dur;tion
no g ymp (x1000) P characteristics
treatment
1 F 36 2600 1200 180 + + + Lower extremity N N/A
edema
2 F 32 2800 1250 160 + + - Oral lesion, rash N N/A
Poly arthritis,
3 F 28 6400 3100 190 + + - rash, N N/A
photosensitivity
) Rash, Hydroxychloroquine,
4 F 30 3200 1100 200 + + photosensitivity MTX 9 months
Poly arthritis,
5 F 37 2500 1000 130 + + - rash, N N/A
photosensitivity
Oral lesion,
6 F 27 2000 950 140 + + - rash, N N/A
photosensitivity
Lower extremity
7 F 30 480 2000 250 + + + edema, — Hydroxychloroquine, 5 .
photosensitivity, Prednisolone
rash
8 = 41 3500 1550 200 " " ) Poly arth_ri_ti§, Hydroxychloroquine, 3 months
photosensitivity prednisolone
Poly arthritis, .
9 F 36 4200 1950 170 + + - rash, rydrogereouine, A2
photosensitivity
10 F 31 3000 1200 140 + + - Oral lesion, rash  Hydroxychloroquine, - 16
MTX months
Abbreviations: N, No; N/A, Not Applicable, MTX, Methotrexate
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Fig. 2. FACS assessment of purity of B cells and T cells isolated with MACS. Mean purity of the isolated T cells is 98.4+0.8%,
while 72.6+0.6% of them are CD4* cells and 20.6+0.5% are CD8* cells. CD19, CD16 and CD14 positive cells are all less than
0.5%. CD19" cells constituted 87.4+0.9% of the purified B cells. There were less than 0.5% of CD16 and CD14 positive cells in B
cell sample. A small fraction of CD3* cells (8.4%+0.4%) could be detected in B cell sample.
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Different Patterns of Telomerase Activity in
SLE Patients

Telomerase activity in the purified B and T
lymphocytes was studied by TRAP assay. Based on that,
there was no considerable telomerase activity in the B
and T lymphocytes purified from healthy controls.
However, among the patients, four patients who were
receiving therapy had telomerase activity in their T cells
(equivalent to 20% of all patients or 40% of patients
under treatment), while no detectable activity was found
in their B cells. On the other hand, telomerase activity
was seen only in B cells, but not T cells, newly diagnosed
SLE (2 patients; equivalent to 20% of all patients or 40%
of newly diagnosed patients).

Expression of hTERT Variants by Purified
Lymphocytes
Real time PCR was used to analyze the hTERT

variants’ expression in the separated cells. Expression
of hTERT was only observed in the samples that

Armin Attar et al.

showed telomerase activity, i.e. B cell samples from
two recently diagnosed patients and T cells from two
other patients who were receiving immunosuppressant
medication for a while. Although a variable expression
pattern of four variants of hTERT was demonstrated by
telomerase positive samples, dominant variants could
be distinguished in each cell type on the basis of lower
Ct values. The dominant variants in B cells with
positive telomerase activity were B-variant and o/p-
variant, while in two T cell samples with evident
telomerase activity, the variant of no deletion and -
variant were dominant forms.

Expression of Bcl-2 as Anti-apoptosis Factor

Comparison of Bcl-2 expression showed
significantly reduced expression of Bcl-2 in the B
cells purified from SLE patients (P=0.018). Although
T cells also showed decreased expression of Bcl-2, the
difference was not statistically significant compared
to healthy individuals (P=0.55) (Figure 3).
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Fig. 3. Bcl-2 expression in B cells and T cells of the control and SLE patients. Bcl-2 expression in the B cells of SLE patients is
reduced in comparison to healthy controls (P=0.018). Median Bcl-2 expression in T cells of SLE patients is less than healthy

controls although the whole expression is not significantly different.

Discussion

Our results indicated the existence of potential
differences between SLE patients (at different disease
stages) and healthy individuals regarding telomerase
activity and Bcl-2 expression in the T-B lymphocytes, in
the absence of obvious correlations with specific hTERT
splice variants. Although not definitive, our results may
suggest that in SLE patients, B cells may have more
active roles during the earlier phases of the disease
attack, while T cells take over when the disease reaches
its chronic stages. Higher apoptosis rate of the
lymphocytes may be responsible for prolonged exposure
of auto-antigens and participate in induction of
autoimmunity. These suggestions need further
evaluation.

Inappropriate activation and consequently survival
of different subsets of the lymphocytes can result from
turbulence in the homeostasis status of the immune
system which causes autoimmunity. In general, resting
peripheral blood lymphocytes like other somatic cells
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have very low to undetectable telomerase activity (9,10).
However, upon activation, the lymphocytes up-regulate
the telomerase activity (9,11). In this regard, several
lines of evidence showed elevated telomerase activity in
the peripheral blood lymphocytes of SLE patients (12-
14). Similarly, in this study, we were able to show higher
telomerase activity and more mRNA expression of
hTERT in B cells from patients with new onset of SLE.
In the same way, T cells from the patients under
treatment for SLE had apparently higher telomerase
activity.

When we studied the variants of hnTERT in telomerase
positive cells, we could not show the correlation between
the telomerase activity and the expression of the
alternative variants of hTERT in the B cells and T cells
purified from SLE patients. This contrasts with what
Jalink et al. showed where higher telomerase activity in
activated normal T cells was in association with
expression of full-length hTERT variant (15).
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Having telomerase activity in the B cells, but not T
lymphocytes, from newly diagnosed patients and more
telomerase activity in only T cells from patients with
chronic disease may raise suggestions about the
discrimination of these two phases of the disease.
Probably, B cells may have more active roles during the
earlier phases of the disease attack, while T cells take
over when the disease reaches its chronic stages or after
therapy, despite the undeniable role of T cells in
activation of B cells in early stages of SLE. Continuous
activation of T cells and multiple rounds of cell division
during the course of the disease cause shortening of the
telomere in spite of the telomerase activity (16). Shorter
telomere length in T cells, and not B cells, from SLE
patients compared to healthy individuals supports such
speculation (17,18).

The inability of the immune system to eliminate the
auto-reactive lymphocytes through apoptosis has been
considered as one possible mechanism of induction of
autoimmunity (19). In this regard, some studies
correlated the prolonged T cell life span of SLE patients
to increased bcl-2 expression, as one of the main
hallmarks of anti-apoptosis pathways (20,21). However,
some studies showed increased apoptosis in the
lymphocytes, particularly T cells from SLE patients (22-
25), but with deficiency in the removal of the apoptotic
debris (8,26,27). This can increase the chance of more
exposure of the immune system to auto-antigens and
induction of autoimmunity. We studied the expression
of Bcl-2 in the purified B and T cells of SLE patients vs.
healthy controls by real time PCR. Our results showed a
substantial reduction in the expression of Bcl-2 gene in
B cells and a non-significant reduction in T cells purified
from SLE patients in comparison to healthy controls.
These results are in line with the latter hypothesis of
increased apoptosis of the lymphocytes in SLE patients.
However, more detailed information is needed to reveal
the malfunction of elements involved in this mechanism.

Our study had some limitation. The most important one
is the small sample size. Results might be, however, useful
as a platform for further evaluations in larger studies.

Conclusion

In conclusion, the altered pattern of telomerase
activity in the B and T lymphocytes of SLE patients in
addition to abnormal pattern of apoptosis or clearance of
auto-antigens all together can make a platform of
induction of auto-reactivity. Identification of defective
elements in this pathway may provide potential
therapeutic targets to restore the problem.

Acknowledgements

The authors would like to thank all the staff at the
Institute for Cancer Research, Shiraz, IR Iran for their
technical assistance.

Vol.15 No.3 Summer 2020

Conflict of Interest
The authors declared that there is no conflict of
interest regarding the publication of this article.

References

1. Davis LS, Hutcheson J, Mohan C. The role of cytokines in
the pathogenesis and treatment of systemic lupus
erythematosus. J Interferon Cytokine Res. 2011
Oct;31(10):781-9. [DOI:10.1089/jir.2011.0047.] [PMID]

[PMCID]

2. Attar A, Maharlooi MK, Khoshkhou S, Hosseini A,
Jaberipour M, Dehghan A, et al. Colony forming unit
endothelial cells do not exhibit telomerase alternative
splicing variants and activity. Iran Biomed J.
2013;17(3):146-51. [DOI:10.6091/ibj.1100.2013.]

3. Greider CW, Blackburn EH. Identification of a specific
telomere terminal transferase activity in Tetrahymena
extracts. Cell. 1985 Dec;43(2 Pt 1):405-13.
[DOI:10.1016/0092-8674(85)90170-9.]

4. Ulaner GA, Hu JF, Vu TH, Giudice LC, Hoffman AR.
Telomerase activity in human development is regulated by
human telomerase reverse ftranscriptase (hTERT)
transcription and by alternate splicing of hTERT
transcripts. Cancer Res. 1998 Sep 15;58(18):4168-72.

5. Khosravi-Maharlooei M, Jaberipour M, Tashnizi AH,
Attar A, Amirmoezi F, Habibagahi M. Expression pattern
of alternative splicing variants of human telomerase
reverse transcriptase ("TERT) in cancer cell lines was not
associated with the origin of the cells. Int J Mol Cell Med.
2015 Spring;4(2):109-19. PMID: 26261800.

6. Colgin LM, Wilkinson C, Englezou A, Kilian A, Robinson
MO, Reddel RR. The hTERTalpha splice variant is a
dominant negative inhibitor of telomerase activity.
Neoplasia. 2000 Sep-Oct;2(5):426-32.
[DOI:10.1038/s].ne0.7900112.] [PMID] [PMCID]

7. Hughes P, Bouillet P, Strasser A. Role of Bim and other
Bcl-2 family members in autoimmune and degenerative
diseases. InApoptosis and Its Relevance to Autoimmunity
2006 (Vol. 9, pp. 74-94). Karger Publishers.
[DOI:10.1159/000090773.]

8. Mevorach D. Systemic lupus erythematosus and apoptosis.
Clin Rev Allergy Immunol. 2003 Jul 1;25(1):49-59.
[DOI:10.1385/CRIAI:25:1:49.]

9. Weng NP, Levine BL, June CH, Hodes RJ. Regulated
expression of telomerase activity in human T lymphocyte
development and activation. J Exp Med. 1996
Jun;183(6):2471-9. [DOI:10.1084/jem.183.6.2471.]

[PMID] [PMCID]

10. Weng NP, Granger L, Hodes RJ. Telomere lengthening
and telomerase activation during human B cell
differentiation. Proceedings of the National Academy of
Sciences of USA. 1997;94(20):10827-32.
[DOI:10.1073/pnas.94.20.10827.] [PMID] [PMCID]

11. Hiyama K, Hirai Y, Kyoizumi S, Akiyama M, Hiyama E,
Piatyszek MA, et al. Activation of telomerase in human
lymphocytes and hematopoietic progenitor cells. J
Immunol. 1995 Oct;155(8):3711-5. [PMID]

12. Katayama Y, Kohriyama K. Telomerase activity in
peripheral blood mononuclear cells of systemic connective
tissue diseases. J Rheumatol. 2001 Feb;28(2):288-91.

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1089/jir.2011.0047.
https://www.ncbi.nlm.nih.gov/pubmed/21787222
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3189549
https://doi.org/10.6091/ibj.1100.2013.
https://doi.org/10.1016/0092-8674(85)90170-9.
https://doi.org/10.1038/sj.neo.7900112.
https://www.ncbi.nlm.nih.gov/pubmed/11191109
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1507985
https://doi.org/10.1159/000090773.
https://doi.org/10.1385/CRIAI:25:1:49.
https://doi.org/10.1084/jem.183.6.2471.
https://www.ncbi.nlm.nih.gov/pubmed/8676067
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2192611
https://doi.org/10.1073/pnas.94.20.10827.
https://www.ncbi.nlm.nih.gov/pubmed/9380719
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC23499
https://www.ncbi.nlm.nih.gov/pubmed/7561072

13.

14.

15.

16.

17.

18.

19.

20.

Kurosaka D, Yasuda J, Yoshida K, Yokoyama T, Ozawa
Y, Obayashi Y, et al. Telomerase activity and telomere
length of peripheral blood mononuclear cells in SLE
patients. Lupus. 2003;12(8):591-9.
[DOI:10.1191/0961203303lu4260a.] [PMID]

Klapper W, Moosig F, Sotnikova A, Qian W, Schroder JO,
Parwaresch R. Telomerase activity in B and T lymphocytes
of patients with systemic lupus erythematosus. Ann
Rheum Dis. 2004 Dec;63(12):1681-3.
[DOI:10.1136/ard.2003.016022.] [PMID] [PMCID]

Jalink M, Ge Z, Liu C, Bjorkholm M, Gruber A, Xu D.
Human normal T lymphocytes and lymphoid cell lines do
express alternative splicing variants of human telomerase
reverse transcriptase ("TERT) mRNA. Biochem Biophys
Res Commun. 2007 Feb;353(4):999-1003.
[DOI:10.1016/j.bbrc.2006.12.149.] [PMID]

Honda M, Mengesha E, Albano S, Nichols WS, Wallace
DJ, Metzger A, et al. Telomere shortening and decreased
replicative potential, contrasted by continued proliferation
of telomerase-positive CD8+CD28(lo) T cells in patients
with systemic lupus erythematosus. Clin Immunol. 2001
May;99(2):211-21. [DOI:10.1006/clim.2001.5023.]

[PMID]

Kurosaka D. Abnormalities in lymphocyte telomerase
activity and telomere length in systemic lupus
erythematosus. Nihon Rinsho Meneki Gakkai Kaishi. 2007
Feb;30(1):29-36. [DOI:10.2177/jsci.30.29] [PMID]

Lin J, Xie J, Qian WB. Telomerase activity and telomere
length in CD4+,CD8+ and CD19+ lymphocytes from
patients with systemic lupus erythematosus. J Zhejiang
Univ. 2005 Nov;34(6):534-7. [PMID]

Rose LM, Latchman DS, Isenberg DA. Apoptosis in
peripheral lymphocytes in systemic lupus erythematosus:
a review. Br J Rheumatol. 1997;36(2):158-63.
[DOI:10.1093/rheumatology/36.2.158] [PMID]

Aringer M, Wintersberger W, Steiner CW, Kiener H,
Presterl E, Jaeger U, et al. High levels of bcl-2 protein in
circulating T lymphocytes, but not B lymphocytes, of

21.

22.

23.

24,

25.

26.

27.

Armin Attar et al.

patients with systemic lupus erythematosus. Arthritis
Rheumatol. 1994 Oct;37(10):1423-30.
[DOI:10.1002/art.1780371004.] [PMID]

Liu Y, Yin P, Zhao X, Shi C, Kong Q, Guan W. Clinical
significance and expression of Bcl-2 protein in patients
with systemic lupus erythematosus. Zhonghua Nei Ke Za
Zhi. 1999 Feb;38(2):94-7. [PMID]

Emlen W, Niebur J, Kadera R. Accelerated in vitro
apoptosis of lymphocytes from patients with systemic
lupus erythematosus. J Immunol. 1994 Apr 1;152(7):3685-

92. [PMID]

Perniok A, Wedekind F, Herrmann M, Specker C,
Schneider M. High levels of circulating early apoptic
peripheral blood mononuclear cells in systemic lupus
erythematosus. Lupus. 1998 Feb;7(2):113-8.
[DOI:10.1191/096120398678919804.] [PMID]

Jin O, Sun LY, Zhou KX, Zhang XS, Feng XB, Mok MY,
et al. Lymphocyte apoptosis and macrophage function:
correlation with disease activity in systemic lupus
erythematosus. Clin Rheumatol. 2005 Apr;24(2):107-10.
[DOI:10.1007/s10067-004-0972-x.] [PMID]

Xue C, Lan-Lan W, Bei C, Jie C, Wei-Hua F. Abnormal
Fas/FasL and caspase-3-mediated apoptotic signaling
pathways of T lymphocyte subset in patients with systemic
lupus erythematosus. Cell Immunol. 2006 Feb;239(2):121-
8. [DOI:10.1016/j.cellimm.2006.05.003.] [PMID]

Baumann |, Kolowos W, Voll RE, Manger B, Gaipl U,
Neuhuber WL, et al. Impaired uptake of apoptotic cells
into tingible body macrophages in germinal centers of
patients with systemic lupus erythematosus. Arthritis
Rheumatol. 2002 Jan;46(1):191-201. [DOI:10.1002/1529-
0131(200201)46:13.0.CO;2-K.]

Attar A, Aghasadeghi K, Parsanezhad ME, Jahromi BN,
Habibagahi M. Absence of correlation between changes in
the number of endothelial progenitor cell subsets. Korean
Circ J. 2015 Jul;45(4):325-32.
[DOI:10.4070/kcj.2015.45.4.325.] [PMID] [PMCID]

How to Cite This Article

Attar, A., Khosravi Maharlooei, M., Nazarnia, M., Hosseini, A., Bajalli, Z., Moeini, Y., Monabati, A., Amirmoezi,

F., Jaberipour, M., Habibagahi, M. Expression Pattern of Telomerase Reverse Transcriptase (nTERT) Variants and
Bcl-2 in Peripheral Lymphocytes of Systemic Lupus Erythematosus Patients. /ranian Journal of Pathology; 2020;
15(2): 225-231. doi: 10.30699/ijp.2020.110994.2187

Vol.15 No.3 Summer 2020

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1191/0961203303lu426oa.
https://www.ncbi.nlm.nih.gov/pubmed/12945717
https://doi.org/10.1136/ard.2003.016022.
https://www.ncbi.nlm.nih.gov/pubmed/15547095
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1754866
https://doi.org/10.1016/j.bbrc.2006.12.149.
https://www.ncbi.nlm.nih.gov/pubmed/17204238
https://doi.org/10.1006/clim.2001.5023.
https://www.ncbi.nlm.nih.gov/pubmed/11318593
https://doi.org/10.2177/jsci.30.29
https://www.ncbi.nlm.nih.gov/pubmed/17332702
https://www.ncbi.nlm.nih.gov/pubmed/16331816
https://doi.org/10.1093/rheumatology/36.2.158
https://www.ncbi.nlm.nih.gov/pubmed/9133921
https://doi.org/10.1002/art.1780371004.
https://www.ncbi.nlm.nih.gov/pubmed/7945466
https://www.ncbi.nlm.nih.gov/pubmed/11798633
https://www.ncbi.nlm.nih.gov/pubmed/%208144943
https://doi.org/10.1191/096120398678919804.
https://www.ncbi.nlm.nih.gov/pubmed/9541096
https://doi.org/10.1007/s10067-004-0972-x.
https://www.ncbi.nlm.nih.gov/pubmed/15818511
https://doi.org/10.1016/j.cellimm.2006.05.003.
https://www.ncbi.nlm.nih.gov/pubmed/16808908
https://doi.org/10.1002/1529-0131(200201)46:13.0.CO;2-K.
https://doi.org/10.1002/1529-0131(200201)46:13.0.CO;2-K.
https://doi.org/10.4070/kcj.2015.45.4.325.
https://www.ncbi.nlm.nih.gov/pubmed/26240587
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4521111

