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Abstract  

Background:  Type 1 diabetes (T1D) results from T-cell-
mediated autoimmune destruction of the insulin-producing  

pancreatic islet Beta cells. This breakdown of immunological  
self-tolerance results in auto reactivity to islet self-antigens.  

This requires genetic susceptibility as well as environmental  

factors (gene environmental interaction). It is believed that  

numerical and functional balance between killer cells (CD4+  

and CD8+) and regulatory T-cells in the pancreatic infiltrate  

determines the extent of Beta cell destruction.  

Aim of Study:  To study the number and function of Treg  
CD4+ CD25+ T-cells in infants and children with recent onset  
type 1 diabetes and to compare the results with the Treg CD4+  

CD25+ T-cells in the siblings of the diabetic child and control  

subjects.  

Patients and Methods:  This study was performed on60  
patients meeting the diagnostic criteria of type I diabetes,  

together with 20 children of their non diabetic siblings were  

recruited at the Diabetes Endocrine and Metabolism Pediatric  

Unit (DEMPU) at Cairo University Children’s Hospital in the  

period from December 2011 to October 2012. In addition to  

20 children with age and sex-matched, none of whom had  
either a personal or family history of diabetes or other autoim-
mune pathologies as control were included in the study.  

Results:  Show no statistically significant relation of CD4  

CD25 T-lymphocytes to age, anthropometric measures (weight  
& height), laboratory data including HBA1C, lipid profile or  
thyroid function tests, the insulin dose and the severity of the  

case presentation (whether classic onset or DKA). Also there  

was no statistically significant difference between the 3 groups  

(diabetic – non diabetic siblings – controls) regarding  
CD4CD25 T- lymphocytes levels by the one-way ANOVA  
test.  

Conclusion:  The sensitivity of CD4 CD25 T-lymphocytes  

in case of type 1 diabetes was 60% and the specificity was  
47%. The PPV (positive predictive value) and the NPV (neg-
ative predictive value) were 55% and 67% respectively. Such  

results conclude that CD4 CD25 T-lymphocytes cannot be  
taken as a valid marker in case of type I diabetes.  
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Introduction  

TYPE I  diabetes is increasing in incidence in  
developed countries. Diabetes arises from a break-
down of tolerance to islet antigens, resulting in T  
cell-driven destruction of the islet cells and con-
comitant hyperglycemia [1] . Less is known about  
the nature and function of these T-cells, the cause  
of the loss of tolerance to islet autoantigens, why  

the immune system apparently fails to suppress  
autoreactivity, and whether (or which) autoantigen  

(s) are critically involved in the initiation or pro-
gression of the disease [2] . Cellular autoimmunity  
is a difficult study subject, but it has been a worth-
while quest to unravel the role of T-cells in the  

pathogenesis of Type 1 diabetes.  

Lindley et al., [3]  hypothesized that a deficiency  
in the CD4+ CD25+ Treg population or its function  
could contribute to the lack of self-tolerance evident  

in patients with type 1 diabetes.  

Naturally occurring FOXP3+CD4+CD25 regu-
latory T cells (Tregs) play an important role in  
tolerance, suppressing autoreactive CD4+ effector  
T cell activity. In both recent-onset T1D patients  

and B cell antibody positive at-risk individuals,  
there was an increased apoptosis and decreased  
function of polyclonal Tregs with a decline in  
suppressive potential of these cells in the periphery.  

The fact that both hyperglycemic T 1 D subjects  

and normoglycemic (at-risk) subjects showed this  

abnormality suggests that Treg apoptosis is more  

a precursor to, rather than a consequence of diabetes  

[4] .  

Pancreatic P -cell destruction is associated with  

the presence of islet cell autoantibodies directed  

against the autoantigens including insulin, glutamic  

acid decarboxylase GAD65, and the islet tyrosine  
phosphatase IA-2. Autoreactive T-cells that recog- 
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nize these and other islet autoantigens have been  

identified and are thought to play a direct role in  

type 1 diabetes immunopathogenesis [2] . Also  
Herold et al., [5]  proposed an evidence that admin-
istration of therapeutic agents that inhibit T-cell  
function delays disease progression.  

It seems that the process of β -cell destruction  
usually lasts a long time until it reaches the point  

when exogenous insulin is needed (T1D onset).  

After onset, however some patients enter the  

“honeymoon period”, a transient period that may  

last for up to 1 year, when the need for exogenous  
insulin decreases. The disease status (pre-diabetes  

and honeymoon period) has been acknowledged  
as the most important immunological intervention  
period that can postpone the destruction of β -cells.  
Riley et al., [6]  stated that one of the most immu-
nologic promising interventions is through Treg  
cell infusion therapy during this period. They  
confirmed that approaches towards this goal are  

available: (1) conversion of non-regulatory  

CD4+CD25- T cells into induced Treg (iTreg)  
cells; (2) in vivo expansion of a pure subset of  
thymically derived (natural CD4+CD25+) Treg  
cells.  

Aim of work:  

The purpose is to study the number and function  

of Treg CD4+ CD25+ T-cells in infants and children  
with recent onset type 1 diabetes and to compare  
the results with the Treg CD4+ CD25+ T-cells in  
the siblings of the diabetic child and control sub-
jects. Then to correlate findings with demographic  

data, clinical presentation, therapy and associated  

conditions in type 1 diabetic children.  

Patients and Methods  

Patients populations and sampling protocol:  

All aspects of this study were approved by  
Cairo University Institutional Review Board. Pa-
tients, non diabetic siblings and controls were  
enrolled after obtaining informed consent from the  

parents. Sixty patients meeting the diagnostic  

criteria of type I diabetes, together with twenty-
children of their non diabetic siblings were recruited  

at the Diabetes Endocrine and Metabolism Pediatric  
Unit (DEMPU) at Cairo University Children’s  
Hospital in the period from December 2011 to  

October 2012. In addition to twenty children with  
age and sex-matched, none of whom had either a  

personal or family history of diabetes or other  

autoimmune pathologies as control were included  
in the study.  

Inclusion criteria:  

Definite diagnosis of type I diabetes according  
to the definition of the WHO criteria that defines  

this form of diabetes with permanent insulinopenia  

prone to ketoacidosis, result from a cellular-
mediated autoimmune destruction of the beta cells  

of the pancreas.  

• On insulin replacement therapy.  

• Age range up to 18 years.  

• Diabetic duration less than 6 month.  

Exclusion criteria:  

• Children with secondary diabetes mellitus (DM).  

• Children with type 2 DM.  

• Evidence of active infection requiring antibiotic  

therapy or other concurrent diseases.  

• Other autoimmune disease.  

Methodology:  
All included patients will be subjected, to:  

I- Clinical assessment:  
-  Complete history taking including family history  

of diabetes, onset of the disease, clinical presen-
tation at onset, regimen and dose of insulin  

therapy, glycemic control, feeding pattern and  

the presence of any complications.  

-  Thorough clinical examination including blood  

pressure, detection of any complication or asso-
ciated condition.  

II- Routine laboratory examination for the patients:  
- Mean HbA1c as indicator of glycemic control.  

- Lipid profile and thyroid function tests.  

III- Special investigations:  
Venous blood sample for detection of CD4  

CD25 T-cells subpopulation. The venous blood  
was taken using sterile tubes containing an EDTA  

salt as the anticoagulant. The samples were kept  
at room temperature (18-25 ° C) and not shaken The  
samples were analyzed within 24 hours of veni-
puncture.  

Flow cytometric detection of CD4 CD25 T cells:  

It is fluorochrome-conjugated antibody that  
permits the identification and numeration of cell  
populations expressing the CD4 antigen and CD25  

antigen present in human biological samplesusing  

flow cytometry. This test is based on the ability of  

specific monoclonal antibodies to bind to the anti-
genic determinants expressed by leucocytes. The  

flow cytometer measures light diffusion and the  
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fluorescence of cells. The fluorescence of the  

delimited cells is analyzed inorder to distinguish  

the positively stained events from the unstained  

ones. The results are expressed as a percentage of  

positive events in relation to all the events acquired  

by the gating.  

Statistical analysis:  
Statistical package for social sciences (SPSS),  

version 16 was used for data analysis to estimate  
frequency distribution, percentage distribution,  

range, mean, standard deviations and correlation  

coefficient. One-way ANOVA test analysis was  

used to detect the statistical significance differ-
ences between 3 groups (diabetic non diabetic  
sibling control group) regarding CD4 CD25 T  
lymphocytes levels. A p -value of ≤ 0.05 denoted  
the presence of a statistically significant differ-
ence.  

Results  

This study was conducted on 100 child includ-
ing 60 diabetic children with new onset diabetes  
(within the first 6 months of diagnosis) & 20 non  
diabetic sibling of previous patients & 20 healthy  

controls.  

There was no statistically significant difference  

between diabetic group, non diabetic sibling group  
and control group as regard the age and gender  
Table (1).  

Table (1): Comparison between the studied groups regarding  

age & sex.  

Variables  
Diabetic  
patients  
N=60  

Non diabetic  
Siblings  
N=20  

Controls  
N=20  

p 
 

Age (yrs):  
Mean  7.6±3  5.8±3  8.5±4  >0.05  
Range  1.08-14  0.16-11.5  0.5-18  NS  

Gender:  
Male  21 (35%)  8 (40%)  11 (55%)  >0.05  
Female  39 (65%)  12 (60%)  9 (45%)  NS  

The current results showed that 58.3% of the  
diabetic group were presented by classic symptoms  

(polyuria, polydepsia, abdominal pain & weight  
loss), while DKA was the presenting manifestation  

in 41.7% of patients. No significant relationship  

between the mode of presentation (whether DKA  
or classic presentation) and CD4 CD25 T cell level  
by using t-test (Fig. 1).  
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Fig. (1): Relation between CD4 CD25 T cell level to presenting  

manifestations in diabetic patients. p>0.05 NS.  

The laboratory investigations of diabetic pa-
tients included in the study are summarized in  
Table (2). Four cases out of the diabetic group had  

abnormal lipid profile: Hypercholesterolemia in 1  

case, low HDL in 2 cases, and high LDL in 1 case.  

Table (2): Laboratory data of the studied diabetic patients.  

Variables  Mean  ±SD  

HBA1C gm%  9.2  2.8  
Cholesterol mg/dl  136  19.2  
LDL mg/dl  62.7  14  
HDL mg/dl  57.8  12.8  
TG mg/dl  58  12.5  
TSH uIU/dl  1.8  0.6  
T4 mg/dl  1.3  0.4  

There was no statistically significant difference  

between the 3 groups (diabetic – non diabetic  

siblings – control group) regarding CD4 CD25 T-
lymphocytes levels by the one-way ANOVA test.  
The mean values of CD4 CD25 ratio among dia-
betic group was 3.6± 1.6 with a range of values  
0.2-7.1, in non diabetic siblings ratio was 4 ± 1.7  
with a range of values 2.1-7.7, while in control  

group ratio was 3.9± 1.3 with a range of values  
0.69-6.5 as shown in Fig. (2).  
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Fig. (2): Comparison of CD4-CD25 cell level in the studied  
groups. p>0.05 NS.  
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Males had a higher CD4 CD25 levels than  

females and difference was significant ( p>0.05  
NS) among the diabetic group but not in the other  
two groups, as shown in Fig. (3).  
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Fig. (3): Relation between CD4-CD25 versus gender among  
studied groups. p>0.05 NS.  

Table (3): Correlation of CD4-CD25 cell level to demographic,  

clinical, laboratory data, insulin therapy in diabetic  
patients  

Variables  
CD4-CD25  

rp  

Age (years)  0.13  >0.05  
Duration of onset (days)  0.22  >0.05  
Height (cm)  –0.09  >0.05  
Weight (kg)  0.12  >0.05  
HBA1C gm%  –0.24  >0.05  
Cholesterol mg/dl  0.22  >0.05  
LDL mg/dl  0.02  >0.05  
HDL mg/dl  –0.11  >0.05  
TG mg/dl  0.14  >0.05  
TSH uIU/ml  0.20  >0.05  
T4 mg/dl  –0.07  >0.05  
Insullin dose u/kg/day  0.06  >0.05  
Severity of presentations  0.12  >0.05  

Our results did not show statistically significant  

relation of CD4 CD25 T-lymphocytes to age, an-
thropometric measures (weight & height) and the  

laboratory data including HBA1C, lipid profile or  
thyroid profile.  

Neither the insulin dose nor the severity of the  

case presentation (whether classic onset or DKA)  

had any statistically significant correlation with  

CD4 CD25 T-lymphocytes level.  

Table (4): Validity of CD4-CD25 in case of type 1 diabetes.  

Variables  %  

Best cut off=3.5  
Area under the curve  0.55  
Sensitivity  60  
Specificity  47  
PPV  55  
NPV  67  

ROC Curve  
1.00  

0.75  
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Discussion  

Regulatory T cells (Tregs) are an immunosup-
pressive subgroup of CD4+ T cells which are  
identified by the expression of forkhead box protein  

P3 (Foxp3). The modulation capacity of these  

immune cells holds an important role in both trans-
plantation and the development of autoimmune  

diseases. These cells are the main mediators of  
self-tolerance and are essential for avoiding exces-
sive immune reactions. Tregs play a key role in  
the induction of peripheral tolerance that can pre-
vent autoimmunity, by protecting self-reactive  

lymphocytes from the immune reaction. In contrast  

to autoimmune responses, tumor cells exploit Tregs  
in order to prevent immune cell recognition and  
anti-tumor immune response during the carcino-
genesis process [7] .  

Thus Tregs represent naturally occurring CD4  
cell population expressing CD25 antigen that arises  

from the thymus and seeds in the periphery creating  

a cohort of cells with profound T-cell immunosup-
pressive qualities [8] . In the present study, our  
results show that CD4 CD25 regulatory T cells has  

no role in type I diabetes.  

Immunopathogenesis and the sensitivity of CD4  

CD25 T-lymphocytes in case of type 1 diabetes  

was 60% while the specificity was 47%. The PPV  

(positive predictive value) and the NPV (negative  
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predictive value) were 55% and 67% respectively.  

Such results indicate that CD4 CD25 T-lymphocytes  

cannot be taken as a valid marker in case of type  

I diabetes.  

There was no statistically significant difference  

between the 3 groups (diabetic – non diabetic  

siblings – controls) regarding CD4CD25 T-
lymphocytes levels by the one-way ANOVA test.  

Our results were consistent with those of  
Putnam et al., [9]  who reported that there is no  

difference in the number of CD4CD25 T cells  
between type 1 diabetes patients and normal con-
trols. Similarly, Brusko et al., [10]  showed no  
differences were observed in the frequency of  

CD4CD25 T-cells in individuals with or at varying  

degrees of risk for type 1 diabetes. Their investi-
gations suggest that altered peripheral blood fre-
quencies of regulatory T cells, are not specifically  

associated with type 1 diabetes and continue to  

highlight age as an important variable in analysis  

of immune regulation.  

Despite our finding that the frequency of regu-
latory T cells, does not appear to be deficient in  

type 1 diabetes, several caveats exist before we  

can definitely state that no differences in regulatory  
T cells are associated with type 1 diabetes. First,  

our study was conducted in peripheral blood and  
may not reflect the T-cell repertoire present at the  

site of inflammation (i.e., the pancreas and pancre-
atic draining lymph node). Furthermore, although  
the markers of CD25 represent appropriate markers  

identifying a lineage of regulatory T cells, addi-
tional phenotypic properties responsible for the  

functional capacity of regulatory T cells may be  

deficient in the case of type 1 diabetes. This could  
explain the normal frequency of regulatory T cells  

in our patients.  

On the contrary, another study by Glisic-
Milosavljevic et al., [11]  explained the decrease in  
the regulatory T cells was due to increased apoptosis  
of these cells in recent-onset type 1 diabetes sub-
jects (all diagnosed within 1 st  year) and in subjects  
at-risk for type 1 diabetes. This increase in regula-
tory T cells apoptosis was found to correlate with  

a decline in suppressive potential of these cells.  

The fact that both hyperglycemic type 1 diabetes  

subjects and normoglycemic at-risk subjects  
showed this phenomenon suggests that regulatory  

T cells apoptosis is more a precursor to, rather  

than a consequence of diabetes.  

Stemming of this, Jailwala et al., [4]  investigated  
the expression signature that shapes the transcrip- 

tional program within functionally deficient regu-
latory T cells from recent-onset type 1 diabetes.  

Expression profiles of regulatory T cells from type  
1 diabetes subjects reveal a cellular response that  

could make the cells sensitive to apoptosis, partially  

due to deprivation of cytokines. This global picture  
of pathway-specific expression signatures is a step  
further into dissecting regulatory T cells dysfunction  

in the pathogenesis of type 1 diabetes. Meanwhile  

Yamanouchi et al., [12]  hypothesized that reduced  
IL- 2 could be partially responsible for the increased  

apoptosis and reduced function of regulatory T  
cells from human type 1 diabetes subjects.  

On the contrary to our results, Marek-
Trzonkowska et al. (2012) also reported that de-
struction of the pancreatic islets by self-reactive  

T cells is facilitated by deficits in the number and  

suppressive activity of regulatory T cells and that  

their study showed for the first time that infusion  

of autologous regulatory T cells prolongs remission  
in recently diagnosed type 1 diabetes in children  

[13] .  

Males had a higher CD4 CD25 levels than  

females and difference was significant among the  

diabetic group but not in the other two groups with  

p-value <0.05.  

Our data showed no significant difference be-
tween different categories of HBA1C metabolic  

control level as regard CD4 CD25 level among the  

diabetic patients.  

Our results regarding the diabetic group showed  
no significant correlation of CD4 CD25 T-
lymphocytes to age and the laboratory data includ-
ing HBA1C, lipid profile or thyroid profile. In  

addition neither the insulin dose nor the severity  
of the case presentation (whether classic onset or  

DKA) had any statistically significant correlation  

with CD4 CD25 T-lymphocytes level with a p-
value >0.05.  

We found that there is no difference in the level  

of CD4 CD25 T regulatory cells between patients  
with type 1 diabetes, non diabetic siblings and  
healthy controls. This came in agreement with a  

study by Lindley et al., [3] . On doing numerical  
and functional studying and analyzing of CD4  

CD25 T-cells, they assessed in-vitro cell interaction  

and release of interleukins and cytokines as indi-
cator of functionality of CD4 CD25 T- cells. They  

showed that although the levels of CD4 CD25 cells  

regulatory T cells in patients with early onset type  
1-diabetes were normal, the ability of T-regs in  
this population to suppress T-cell proliferation  
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during in vitro co-cultures was markedly reduced  

compared with control subjects. Moreover, they  

found that in patients with type 1-diabetes these  

co-cultures displayed a more pro-inflammatory  

phenotype, with increased secretion of interferon-
gama and decreased interleukin-10. They took  

these deficiency as reflection of a disturbance in  
the balance of CD4 CD25 population with other  

cells which they specified as CD69.  

Thus, it appears highly desirable to preserve  

endogenous 0  cell mass and insulin production by  
interference with autoimmune responses prior to  

the destruction of the majority of insulin-producing  

0  cells. However, the successful development of  
efficacious T1D prevention strategies will require  

detection of the earliest events in the autoimmune  

process. Schallenberg and Kretschmer [14]  stated  
that it appears tempting to speculate that 0  cell-
responsive naïve CD4+ T cells with a semi-
committed TH-like phenotype may represent a  

suitable target for the assessment of early T cell  

responses to immune-modulating T1D prevention  
strategies, in particular tolerogenic vaccination  
with 0  cell antigen.  

Recently, Heninger et al., [15]  followed at-risk  
children from infancy and performed single-cell  

gene expression in 0  cell antigen-responsive CD4+  
T cells through pre- and established autoimmune  

phases. A striking divergence in the gene signature  

of 0  cell antigen-responsive naïve CD4+ T cells  
from children who developed 0  cell autoimmunity  
was found in infancy, well before the appearance  
of 0  cell antigen–specific memory T cells or au-
toantibodies.  

Several high-risk HLA haplotypes increase  
susceptibility to T1D, whereas the DR1501-DQ6  
HLA haplotype confers dominant protection. Wen  

et al., [16]  investigated the mechanistic basis for  

this protective effect by measuring the frequency  

of CD4+ T cells reactive with epitopes on islet  

autoantigens in healthy individuals. Individuals  
with the protective HLA haplotype had a higher  

frequency of islet antigen-reactive CD4+ T cells  

than individuals with high-risk or neutral haplo-
types. These CD4+ T cells included both regulatory  
T cells and effector T cells with a propensity to  
make IL-10. These findings provide deeper insights  
into how beneficial subsets of self-reactive T cells  

maintain prophylaxis against autoimmunity.  

Dwyer et al., [17]  stated that regulatory T cells  
(Tregs) suppress autoreactive effector T cells to  

prevent the occurrence of autoimmune diseases,  

such as type 1 diabetes (T1D). The cytokine inter- 

leukin-2 (IL-2) is critical for the development and  

homeostasis of Treg subsets. Polymorphisms in  

the genes encoding IL-2 and its receptor subunits  
are associated with an increased risk of developing  

autoimmunity.  

Marek-Trzonkowska N et al., hypothesized that  
CD4(+) CD25(+) FoxP3(+) regulatory T cells  
(Tregs) can prevent destruction of pancreatic islets  

protecting from type 1 diabetes (T1D). He presented  

results of one year follow-up of T1D children  

treated with autologous expanded ex vivo Tregs.  
Patients received either a single or double Tregs  

infusion. The treatment did not impair post-
immunization antibody responses. Tregs infusion  
was followed by increase in Tregs number in pe-
ripheral blood. Most of the patients responded to  
the therapy with increase in C-peptide levels. Tregs  

administration resulted also in lower requirement  
for exogenous insulin. Repetitive administration  
of Tregs is safe and can prolong survival of 0 -cells  
in DM 1 [18] .  

Ghoniamshowed that diminished Treg in T1D  
proved that auto-reactivation of T-cell as a result  

of the breakdown of immune tolerance takes part  

in the elaboration of autoimmune disorders as T1D.  

Treg may be used in immunotherapy, thus prevent-
ing T1D development due to its pivotal role in  

immune tolerance [19] .  

Zimmer stated that a rogue hybrid lymphocyte,  
bearing characteristics of both B and T cells, may  

play a role in driving autoimmunity in the disease,  
although the mechanism is far from clear. Scientists  

have now discovered a novel type of lymphocyte  

in T1D patients that combines characteristics of B  
cells and T cells. He suggested that these hybrids  
could play an important role in the disease by  

encouraging the immune system to attack the body’s  
own insulin-producing cells [20] .  

Gliwin´ski et al., concluded that in T1D, auto-
aggressive T cells (Tconventional cells, Tconvs)  

not properly controlled by Tregulatory cells (Tregs)  

destroy pancreatic islets. Thus, T1D is associated  

with immunosenescence-like changes and reduced  

diversity of T-cell clones. Preferential expansion  
of the same TCR families in both Tconvs and Tregs  

suggests a common trigger/autoantigen responsible.  

Interestingly, the therapy with polyclonal Tregs  

was associated with some inhibition of these effects.  

Proinsulin-specific Tregs appeared to be dominant  

in the immune responses in patients with T1D and  
probably associated with better control over re-
spective autoimmune Tconvs [21] .  
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Barcellina et al., showed that subpopulations  

of Treg and NK cells were increased in individuals  

positive for multiple autoantibodies before onset  

of T1D. His results showed alterations of a subset  

of Tregs and NK cells in individuals with high risk  
for T 1 D. Using a multidimensional phenotyping  
and unbiased clustering approach to identify cell  
populations expressing markers which are not often  

analyzed in a conventional flow cytometry panel  
[22] .  

Kent and Babon stated thatmajority of informa-
tion on autoreactive T cells in human T1D has  

come from the study of peripheral blood of donors  
with T1D. It is not clear how representative the  

peripheral autoreactive T-cell repertoire is of the  

autoreactive T cells infiltrating the islets in T1D.  

Immunohistopathology of insulitis, showed a broad  

range of autoreactive CD4+ and CD8+ T cells,  
with reactivity to known islet-associated peptides  

and posttranslationally modified peptides, infiltrate  
the islets and have a proinflammatory phenotype,  

was identified [23] .  

Michels et al., identified hundreds of T cells  
from inflamed pancreatic islets of three young  

organ donors with T1D with a short disease duration  

with high-risk HLA genes using a direct T-cell  
receptor (TCR) sequencing approach without long-
term cell culture. These B: 9-23-specific T cells  
from islets responded to whole proinsulin and  
islets, whereas previously identified B: 9-23 re-
sponsive clones from peripheral blood did not,  

highlighting the importance of proinsulin-specific  

T cells in the islet microenvironment [24] .  

Delong et al., proved that pathogenic CD4 T  
cells target peptide ligands that are formed by  

covalent crosslinking of proinsulin peptides to  

other peptides present in 0 -cell secretory granules.  
These hybrid insulin peptides (HIPs) are highly  
antigenic for CD4 T cells and can be detected by  

mass spectrometry in 0 -cells. CD4 T cells from  
the residual pancreatic islets of two organ donors  

who had T1D also recognize HIPs. The discovery  
that autoreactive T cells target hybrid peptides may  

explain how immune tolerance is broken in T1D  
[25] .  

Conclusion:  

This study concluded that there is no alteration  

in the frequency of regulatory CD4 CD25 T cells  
in the peripheral blood of children with type 1  

diabetes as compared to the results with the CD4  

CD25 T-cells in the non diabetic siblings and  
control subjects.  
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WITKOWSKI P., MĹYNARSKI W., JAROSZ-CHOBOT  
P., BOSSOWSKI A., SIEBERT J. and TRZONKOWSKI  
P.: Therapy of type 1 diabetes with CD4(+) CD25 (high)  

CD 127-regulatory T cells prolongs survival of pancreatic  

islets -- results of one year follow-up. ClinImmunol., 153  
(1): 23-30, 2014.  

19- GHONIAM M.M., EL EDEL R.H., KAMAL ELDIEN  
S.M., ABO EL FOTOH W.M. and SALMAN S.S.: T-
Regulatory Cell Subsets in Children with Type 1 Diabetes  
Mellitus: Relation to Control of The Disease. Endocrine,  

Metabolic & Immune Disorders - Drug Targets, Vol. 17,  

No. 2, 2017.  

20- ZIMMER K.: Novel Type of Immune Cell Discovered in  
Type 1 Diabetes Patients. Scientist, 56950, 2019.  

21- GLIWIN´SKI M., IWASZKIEWICZ-GRZES´ D., WOĹ . 
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