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ABSTRACT 
Globally, type 1 diabetes mellitus is a common chronic autoimmune disease that impacts a great number 

of individuals. It results from devastation of insulin-secreting beta cells of the pancreas described as 
incompetence to secrete insulin resulting in hyperglycemia that need a ceaseless treatment with insulin. 
Further, complications of type 1 diabetes can influence numerous organs and may prompt premature death. 
Therefore, the requirement to find new strategies for managing type 1 diabetes other than exogenous insulin 
administration got obligatory. Curiously, genetically modified Lactococcus lactis can incite immunological 
tolerance; downregulate mechanisms linked to adaptive immunity; and reduce disease-related inflammation, 
while leaving the remainder of the immune system flawless. This review aimed to overview genetically 
modified Lactococcus lactis, it's expressing proteins, pathogenesis of type 1diabetes, and therapeutic effects 
of genetically modified Lactococcus lactis in animal model of type 1daibetes, further, to display the possible 
mechanisms through which the genetically modified Lactococcus lactis can act. It has been presumed that 
targeting antigen-specific pathway utilizing genetically modified Lactococcus lactis has potential therapeutic 
impacts in experimental animals with type 1 diabetes mellitus. This could open up new and safe therapeutic 
prospects in autoimmune disease domain such as type 1diabetes mellitus . 

 
Keywords: antigen specific therapy; bioactive proteins; immune tolerance; Lactococcus lactis; type 1 
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 الخلاصة
، ٕٗ٘ أحذ أٍشاض اىَْاعت اىزاتٞت اىَضٍْت اىشائعت، عيٚ عذد مبٞش ٍِ 1عيٚ اىصعٞذ اىعاىَٜ، ٝؤثش داء اىسنشٛ ٍِ اىْ٘ع 

الأفشاد. ْٝتح ٕزا اىَشض ٍِ تذٍٞش خلاٝا بٞتا اىتٜ تفشص الأّس٘ىِٞ فٜ اىبْنشٝاط اىتٜ تٌ ٗصفٖا بعذً اىنفاءة فٜ إفشاص الأّس٘ىِٞ 

اىسنش فٜ اىذً اىزٛ ٝحتاج إىٚ علاج ٍستَش بالإّس٘ىِٞ. علاٗة عيٚ رىل، َٝنِ أُ تؤثش ٍعاعفاث داء  ٍؤدٝا إىٚ استفاع ٍست٘ٙ

عيٚ اىعذٝذ ٍِ الأععاء ٗقذ تؤدٛ إىٚ اى٘فاة اىَبنشة. ىزا فئُ اىحاخت لإٝداد إستشاتٞدٞاث خذٝذة دُٗ استخذاً  1اىسنشٛ ٍِ اىْ٘ع 

باث إىضاٍٞاً. إُ اىزٛ ٝستذعٜ اىفع٘ه ْٕا ٕ٘ إٍناّٞت اىَن٘ساث اىيبْٞت اىَعذىت  1٘ع الأّس٘ىِٞ اىخاسخٜ ىتذبٞش داء اىسنشٛ ٍِ اىْ

ٗساثٞا عيٚ تحشٝط اىتساٍح اىَْاعٜ، ٗتْظٌٞ اٟىٞاث اىَشتبطت باىَْاعت اىتنٞفٞت، ٗتقيٞو الاىتٖاب اىَشتبط بذاء اىسنشٛ، بَْٞا 

عت إىٚ استعشاض اىَن٘ساث اىيبْٞت اىَعذىت ٗساثٞاً، بشٗتْٞاتٖا تتشك ٍا تبقٚ ٍِ اىدٖاص اىَْاعٜ دُٗ أرٙ. تٖذف ٕزٓ اىَشاخ

، ٗاىتأثٞشاث اىعلاخٞت ىيَن٘ساث اىيبْٞت اىَعذىت ٗساثٞاً عيٚ اىَْ٘رج 1اىَعبشة عْٖا، آىٞت الإٍشاظٞت بذاء اىسنشٛ ٍِ اىْ٘ع 

َٝنِ ٍِ خلاىٖا اُ تعَو اىَن٘ساث اىيبْٞت  ، بالإظافت إىٚ رىل، ىعشض اٟىٞاث اىَحتَيت ٗاىت1ٜاىحٞ٘اّٜ ىذاء اىسنشٛ ٍِ اىْ٘ع 

َُحذد باستخذاً اىَن٘ساث اىيبْٞت اىَعذىت ٗساثٞاً ىٔ تأثٞشاث علاخٞت ٍحتَيت  اىَعذىت ٗساثٞاً. ٝفُتشض أُ استٖذاف ٍساس اىَستعََذ اى
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ٝذة ٗآٍْت فٜ ٍداه أٍشاض . ٕزا بذٗسٓ َٝنِ أُ ٝفتح آفاقاً علاخٞت خذ1فٜ حٞ٘اّاث اىتداسب اىَصابت بذاء اىسنشٛ ٍِ اىْ٘ع 

 . 1اىَْاعت اىزاتٞت ٍثو داء اىسنشٛ ٍِ اىْ٘ع 

 

حذد ىيَستعََذ، الكلوات الوفتاحية: َُ ن٘ساث اىيبْٞت، داء اىسنشٛ اىبشٗتْٞاث اىْشطت باٝ٘ى٘خٞا، اىتساٍح اىَْاعٜ، اىَ اىعلاج اى

 .1اىْ٘ع

 
INTRODUCTION 

ype 1 diabetes mellitus (T1DM) is a chronic 

autoimmune illness clinically identified by 

hyperglycemia, resulting from immune-mediated 

devastation of insulin-creating pancreatic beta cells 

due to auto-reactive T cells. It shows up at any 

age, but childhood regarding a particular manner. 

Globally, its prevalence is evaluated to be 

upregulated to pass two million cases and to be 

twofold in children younger than five between 2005 

and 2020
1
. However, persistent beta cell 

devastation ultimately leads approximately to 

complete loss of endogenous insulin creation in 

practically all patients and the consequent need for 

exogenous insulin utilization. Further, interminable 

raised blood glucose can prompt many 

complications making patients liable for life-long 

morbidity
2,3

 such as stroke, leg amputation, vision 

deterioration, nerve damage, renal dysfunction or 

cardiovascular disease which remains the 

significant reason of untimely morbidity and 

mortality
4,5

. 

T1DM is presently perceived to result from an 

unpredictable interchange between microbiome 

and environmental elements, metabolism, genome 

as well as immune systems that differ among 

individuals. Unfortunately, in order to normalize 

blood levels of glucose, type 1 diabetic patients 

can just depend on day by day exogenous insulin 

replacement, which anyway cannot restrain 

complications, subsequently making it hard to 

practice ordinary life and typical lifespan. 

It is known that immune reactivity in most 

autoimmune maladies is confined towards a limited 

number of auto-antigens that is recognized by 

auto-reactive T cells. Thus, most efforts have been 

focused on specific controlling on these auto-

reactive T cells through antigen-specific strategy 

that consequently leads to tolerance induction, 

while leaving the rest of the immune system 

flawless for preventing of T1DM.   

Lactococcus lactis (L. lactis) is a spherical and 

facultative anaerobic gram-positive bacterium, 

which is utilized in particular food fermentation and 

can be genetically modified by developed 

techniques. L. lactis is noninvasive; therefore it has 

low potential to exert side effects following 

prolonged use. Moreover, it has revealed that oral 

administration of recombinant L. lactis strains 

lessens the T1DM onset in experimental animals
6
 

via multiple ways, including prompting antigen-

specific regulatory T cells, changing the immune 

response from a devastating (like T-helper 1) (Th-

1) to a progressively benign (like T-helper 2) (Th-2) 

response, increment in the interleukin 10 (IL 10) 

"anti-inflammatory cytokine" and decrease 

interferon gamma (IFNγ) "pro-inflammatory 

cytokine" which resulted in normalization of 

hyperglycemia, improved glucose tolerance and 

diminished insulitis. 

This review has been aimed to elaborate L. lactis 

and its expressing proteins, pathogenesis of 

T1DM, the reasons behind picking of L. lactis. It 

has been further cover the molecular mechanisms 

beyond reducing T1DM onset and tolerance 

induction through using genetically modified L. 

lactis as an antigen-specific therapy. Notably, the 

current review was achieved by searching through 

PubMed and Google Scholar using "Lactococcus 

lactis", "Type 1 diabetes", "genetically modified 

Lactococcus lactis", and "genetically modified 

Lactococcus lactis in type 1 diabetes".  The 

outcomes have been gathered from various 

published studies which guide the authors toward 

multiple findings in treating animal models of 

T1DM. 

 

The Whys Behind Lactoccous Lactis Choosing  

In the gut of healthy persons, a huge number of 

commensal bacteria are available which do not 

elicit an inflammatory response, since gut 

immune system generate a state that boost 

tolerance for gut delivered antigens. 

L. lactis is a common lactic acid producing 

bacteria utilized in fermented dairy products 

manufacturing 
7
. The more importantly, the idea 

T 
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behind L. lactis choosing is that this microorganism 

is non-pathogenic as well as non-colonizing, 

further this bacteria has longstanding safety record 

where it possesses status of GRAS (Generally 

Regarded As Safe) and has a relatively small 

genome, simple metabolism 
8
, ability to secrete of 

heterologous proteins to extracellular 

circumference 
9
,  and to generate bioactive, 

eukaryotic derived proteins with a minimal potential 

to elicit immune system hyper-activation when 

present in mammalians' mucosa, or side effects 

related long period utilization
10

.  

Consequently, L. lactis has been regarded as an 

interesting cell manufactory for an immune range 

of a natural products
8
 and as ideal host for delivery 

of therapeutics like recombinant proteins that act 

through antigen specific pathway in T1DM without 

negative impacts on the rest of immune system.  

Strikingly, L. lactis had been genetically 

modified to secrete a beneficial auto-antigens 

aimed to reverse of autoimmune diabetes via its 

useful reversal of autoimmune diabetes by 

prompting of antigen specific tolerance. 

 

Genetically Modified Lactococcus Lactis and 

Expressing Proteins 

The genetically modified L. lactis have attracted 

a significant consideration in the field of diabetes. 

The advancement has been made with respect to 

genetic modification as well as to control of gene 

expression in these organisms
11-12

.   

     These gram-positive micro-organisms have 

been developed to survive in the small intestinal 

media also, their cell envelope structure is 

beneficial for the secretion of important proteins 

into the intestinal environment. However, various 

bioactive proteins are still effectively expressed in 

L. lactis and broadly used in many of preliminary 

and experimental pharmaceutical studies (Table 

1). 

 

 

 

 

 

 

 

 

 

 

Table l. Bioactive proteins delivered to mucosal 

tissues after oral administration of genetically 

modified L. lactis for non-obese type 1diabetic 

(NOD) mice 

L. lactis 

expressing 

proteins 

 

Results 

 

GAD-65* and 

interleukin 10 

Reverses diabetes in recent-

onset diabetic NOD mice; 

preserves beta cell function 

and prevents progression of 

insulitis; and induces Foxp3+ 

Tregs**
13

. 

HSP65*** with 

tandem repeats 

of P277 

(HSP65-6P277) 

Prevents the onset of T1DM; 

improves glucose tolerance; 

reduces insulitis; inhibits T cell 

proliferation; and induces 

P277specific tolerance that is 

associated with activating T-

helper2 response and 

suppressing T-helper1 

response
6
. 

HSP65*** with 

six tandem 

repeats of  

IA2****P2 

(HSP65-6IA2P2) 

Prevents the onset of T1DM; 

improves glucose tolerance; 

reduces insulitis; and 

enhances immunomodulatory 

response
14

. 

SNase***** 

(staphylococcal 

nuclease) 

Delays the onset of T1DM; 

ameliorates inflammation; 

contributes to 

immunomodulatory balance; 

and control blood glucose 

levels
15

. 

* Glutamic Acid Decarboxylase 

** Regulatory T cells 

*** Heat Shock Protein 65 

**** Insulinoma Antigen-2 

***** SNase, staphylococcal nuclease 
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Pathogenesis of Type 1 Diabetes Mellitus 

The pathogenesis of T1DM is a consequence of 

a complex interaction among the pancreatic beta 

cells and innate and adaptive immune systems
15,16

. 

It can be described by breaking intolerance toward 

pancreatic beta cells that are responsible for 

insulin production
17

. Notably, T cells have the 

substantial role in the pathophysiology of T1DM
18

. 

Additionally, prompting of pro-inflammatory Th-1 

with correspond reducing in anti-inflammatory-Th-2 

as an immune responses, have been determined 

in T1DM disease.  

Basically, the recent onset of T1DM is correlated 

with T cells and macrophage infiltration to islet of 

Langerhans
19

 resulting in a lessen release of 

insulin, the glucose regulation hormone, leading to 

blood glucose in elevated levels then insulitis that 

is observed histopathologically
20

. Thus, antigens of 

pancreatic beta cells turned to be presented via 

antigen presenting cells which have infiltrated the 

islets of pancreas
21

. Then, pathogenic islet 

antigen-specific group of T cells will be activated 

and expanded
22,23

. Ultimately, the disturbance will 

happen in the natural balance between two types 

of T cells which are auto-reactive T cells and their 

regulatory ones, leading to breakdown of tolerance 

then progressive loss of beta cells.  

Imbalance of self-reactive CD4+ and CD8+ T 

cells subsets that are expressed in insulitic lesions 

may contribute to the development of T1DM
24

. It is 

important to know that several pancreatic islet 

auto-antigens contributes to T1DM pathogenesis, 

of which Heat-shock protein (HSP), pro-insulin, 

glutamic acid decarboxylase-65 (GAD-65) and islet 

antigen 2 antibodies (IA-2)
25

, a tyrosine phosphate 

like protein, also called ICA152. 

Interestingly, in the early stages of T1DM 

neutrophils can cause pancreatic injury together 

with auto-reactive macrophages, T cells, dendritic 

cells, as well as B cells
26

, in which the destructive 

auto-antigens are essentially coming from both 

apoptotic beta cells and neutrophil extra-cellular 

traps (NETs) released via activated neutrophils
27

. 

Furthermore, it is revealed that high level of 

glucose and hyperglycemia can enhance NETs 

release as well as the circulating markers of 

neutrophil activation and release that is known as  

(NETosis)
28

.  

Therapeutic Intervention of Genetically 

Modified Lactococcus Lactis in Type 1 

Diabetes Mellitus  

Genetically modified L. lactis have been 

demonstrated safe, successful, and attractive 

choice for therapeutic intervention for T1DM 

through delivering heterologous antigens
29

, anti-

inflammatory cytokines
30

 or T1DM related 

therapeutic products gastro-intestinally in a well-

defined in vivo models of diabetes such as NOD 

mice or the bio-breeding rats that develop T1DM 

spontaneously.  

These therapeutic strategies have been 

exhibited to be due to genetically modified  L. lactis 

role in immune system resetting toward beta cell 

specific tolerance through antigen specific track
13

 

as well as in diminishing severe insulitis in newly 

diagnosed diabetes in NOD mice resulting in 

reinstates normoglycemia. 

Several experimental past studies revealed that 

orally administered L. lactis which have been 

genetically-modified to secrete human pro-insulin 

in addition to the immunomodulatory cytokine IL 

10, in combination with sub-therapeutic dose of 

anti-CD3 monoclonal antibodies can prompt 

diabetes remission in fifty nine percent of newly-

onset diabetic NOD mice 
13,31

. 

Furthermore, it has been demonstrated that 

recombinant L. lactis secrets two major T1DM 

related auto-antigens, the 65 kilodalton isoform of 

glutamic acid decarboxylase "GAD-65" as well as 

tyrosine phosphatase-like protein ICA512 (IA-2) 

allowed tolerance induction.  

Moreover, it has been revealed that recombinant 

L. lactis strains delivering HSP65-6P277 peptide 

were highly diminished the incidence of T1DM. 

Notably,  this peptide has been demonstrated to 

possess an efficacy in preventing T1DM onset in 

NOD mice
32,33

. 
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The possible mechanism of action of 

genetically modified Lactococcus lactis against      

T1DM 

Autoimmune diseases including T1DM have all 

been linked to an increase in T-helper-1/T-helper-

17 (Th-1/Th-17) as consequence of an 

uncontrolled immune reactions
34

. The excess of 

immune reactivity might be overcome using 

antigen-specific therapeutics.  

Basically, the mechanism of genetically modified 

L. lactis action might be briefed as expressing 

proteins that are linked to other immune receptors 

on intestinal macrophages, enhancing them to 

adopt an anti-inflammatory phenotype. Then, the 

migration of these macrophages into the 

pancreatic lymph nodes is followed by inducing 

regulatory-T cells formation, which in turn repress 

auto-reactive T cells that are responsible for beta 

cell devastation
17

. (Figure 1) 

 

 

 

 

 

 

 

 

 

                                                        Delivered to intestinal mucosa 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure 1: A scheme of a general mechanism of action of genetically modified Lactococcus lactis as 

an antigen-specific therapy for T1DM. 

 

Administration of genetically modified 

Lactococcus lactis 

Secretion of bioactive proteins 

Migration back to the lamina propria, then 

proliferation and acquiring tolerogenic properties 

Induction of Foxp3+ regulatory T cells (Tregs) 

 

Presenting of proteins and migration 

to mesenteric lymph nodes 

Releasing of T-regs in circulation and modulation of 

islet β cell auto-reactivity  
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Mechanistically, genetically modified L. lactis has 

a potential to prevent T1DM via induction of 

antigen-specific Foxp3+ T-regs transfer and homes 

to Langerhans islets, through gut delivery of beta 

cell antigens that combined with low doses of anti-

CD3 monoclonal antibodies, biologically active 

immunomodulatory
31

. While, the mechanism of 

recombinant L. lactis expressing HSP65-6IA2P2 in 

prevention of the T1DM onset in NOD mice has 

been reported to act by induction of antigen-

specific immune tolerance
14

 that has been 

mediated via a prompted regulatory immune 

reaction that have been acted to balance Th-

17/Tregs as well as Th1/Th2 ratios. It is important 

to know that upregulation of interleukin 17 (IL 17), 

a pro-inflammatory cytokine that are secreted 

mainly from Th-17 cells resulting in excess 

expression of FOXP3 transcripts
35

. Interestingly, 

pancreatic inflammation has been improved 

following gut delivery for HSP65-6IA2P2. This 

response also demonstrated an enhanced 

immune-regulatory mechanism. 

On the other hand, the potential mechanism of 

how HSP65-P277 peptide vaccinates against 

T1DM might be involved a switch from the pro-

inflammatory Th-1 to the anti-inflammatory Th-2 

immune response
32

. With the help of rabbits as an 

animal model of diabetes that are nasally 

immunized with the HSP65-6P277 peptide, it has 

been showed the repression of T cell proliferation 

as well as increment in IL 10 production, both of 

these effects demonstrated a remarkable 

suppression of the Th-1 branch which might be 

indicated a switch from Th-1 to Th-2
36

. The 

mechanism also involved the raise in the levels of 

IL 10 that has been associated with reduction of 

IFNγ levels which were determined when released 

by splenocytes isolated from recombinant L. lactis-

administered NOD mice resulting in a prevention of 

overt diabetes
6
. 

Based on the experimental study that has been 

utilized the recombinant L.lactis expressing SNase 

in NOD mice, the mechanism of action has been 

explained by that the early degradation of 

neutrophil (NETs) exerted a marked diminishing in 

serum levels of neutrophil-derived circulating free 

DNA (cf-DNA/NETs), protease 3 (PR3), neutrophil 

elastase (NE), further, SNase has been effectively 

regulated the levels of blood glucose, resulting in 

delay of T1DM onset as well as reducing the 

morbidity and mortality. Inflammation has been 

also ameliorated, as evidenced by the striking raise 

in interleukin 4 (IL 4), a cytokine secreted and 

produced via Th-2 cells; consequently the insulitis 

could be suppressed. Additionally, the significant 

reduction of both c-reactive protein "CRP" and 

tumor necrosis factor-alpha (TNF-α) has been 

recognized
15

.  

Strikingly, through evaluation of liver tissues and 

serum levels of catalase (CAT), superoxide (SOD), 

glutathione peroxidase (GSH-Px) activity, and 

malondialdehyde (MDA) levels in diabetic mice 

model, it has been  demonstrated that L.lactis has 

antioxidant activity
37

. 

 

CONCLUSION 
     The creative antigen-specific strategy utilizing 

oral genetically modified L. lactis augments 

antigen-specific immune tolerance which results in 

delaying the onset, reducing insulitis as well as 

decreasing the incidence of T1DM which could 

open up a new therapeutic prospects and make a 

difference in the developing field of type 1 diabetes 

mellitus remedy. However, further researches are 

required to prove the outcomes before it can be 

utilized clinically. 
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