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Abstract
This brief review provides up-to-date information on the study of lymphocyte recirculation, in particular, the main 

mechanisms and factors of an exogenous and endogenous nature, affecting the activity of lymphocyte recirculation and migration. 
(International Journal of Biomedicine. 2019;9(4):382-385.)
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Recirculation is an essential process of continuous 
transport of immunocompetent cells between 

the lymphoid system and the blood, providing proper 
immunological control. The ability to recirculate is 
characteristic only of lymphocytes. Naive cells, using 
the circulatory and lymphoid systems as transport routes, 
continuously migrate between lymphoid and non-lymphoid 
organs and tissues.(1,2) During recirculation, the remaining 
naive lymphocytes are found in the secondary lymphoid 
tissues for about 10-20 hours. If there is no interaction with 
the antigen on the corresponding antigen-presenting cells 
(APCs), the cells exit through the efferent lymph ducts, 
eventually drain into the lymphatic system of the thoracic 
duct and reunite with the blood, and continue to recirculate 
throughout life. However, if the immune response is initiated 
in the CD4+ T-cell population by presenting with APC a 
peptide antigen associated with MHC class II, a change in the 
characteristic pattern of recycling occurs. Almost immediately 
after infection with an antigen, lymphocytes remain at this site 
for a day or more,(3) which is called a shutdown of the CD4 
T-cell response. Recycling of lymphocytes into the secondary 
lymphoid organs is an important process in immunological 

surveillance and significantly increases the likelihood that 
antigen-specific T and B cells will encounter related antigens. 
The exception is the brain: due to the presence of the blood-
brain barrier, it is considered that the brain is subject to limited 
immunological surveillance.(4,5) However, for example, under 
the influence of a strong stress factor, endothelial cells of 
the brain vessels are transformed, resulting in increased 
expression of cell adhesion molecules that facilitate the 
adhesion and extravasation of immunocompetent cells. The 
cells penetrating the brain change their phenotype and begin 
to produce predominantly pro-inflammatory cytokines, which 
leads to the initiation of an inflammatory response in the 
structures of the brain—neuroinflammation, accompanied by 
an increase in the manifestations of the anxiety-depressive 
state.(6-11)

Lymphocyte recirculation (LR) depends on the 
anatomical origin of the cells, the presence of inflammation 
and pro-inflammatory cytokines, adhesion molecules and the 
presence of receptors on the cells to these adhesion molecules. 
In LR, both continuously expressed and, in some cases, tissue-
specific adhesion receptors are used. This allows resting 
lymphocytes to continuously move through tissue components, 
optimizing the effect on isolated antigens. Naive T lymphocytes 
recycle most efficiently through the peripheral lymph nodes 
(LNs), where there is an effective processing, concentration 
and presentation of foreign antigens. Having various surface 
receptors, various subpopulations of lymphocytes differ 
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significantly in their adhesive characteristics, so T cells with 
a phenotype of memory cells penetrate into inflammatory 
foci more easily than naive cells. Thus, the most efficiently 
responding cell population is directed to areas of potentially 
active disease. Specific LR occurs back into the tissue in which 
they were activated. Thus, memory lymphocytes activated in 
the mesenteric LNs are located mainly in the intestine, while 
lymphocytes activated in the axillary LNs return to the skin, 
and lymphocytes stimulated in Peyer’s patches pass through the 
regional LNs into the bloodstream, and then return “home”—
in  lamina propria of the mucous membrane. This specific 
recirculation is ensured by the presence of specific homing 
molecules on the surface of lymphocytes that bind to adhesion 
molecules (addressins) on the surface of the endothelial cells 
of venules of lymphoid tissue of the mucous membranes. 
The endothelium serves as a critical separation between the 
tissues and adjacent circulatory lymphatic sections. Activated 
immunoblasts (memory cells or effectors) recycle to areas of 
the mucous membrane, while small lymphocytes (naive cells) 
return to the lymphoid organs.(12) Moreover, the LR activity, for 
example, in the thymus, depends on age: it is higher in children 
than in adults and increases again in the elderly.(13) In children, 
5%-15% of CD4+ thymocytes are of peripheral origin. It is 
believed that the recycling of mature CD4+ cells from the 
periphery to the thymus increases the differentiation of thymic 
epithelial cells  (TEC) precursors to mTEC,(14) which leads to 
depletion of TEC precursors and promotes the involution of the 
thymus.Regulatory T(Treg) cells expressing the transcription 
factor Foxp3 are also actively recycled to the thymus. Thus, 
activated lymphocytes migrating into the thymus and APCs 
from the periphery can influence the development and 
differentiation of T lymphocytes and participate in the process 
of thymus involution.(15) However, the molecular mechanisms 
of the process of penetration of cells into the thymus, as well 
as their exact functions, have not yet been fully determined. 
Penetration of lymphocytes into LNs or Peyer’s patches is 
achieved by transmigration through HEVs. HEVs carry many 
unique adhesion molecules that capture lymphocytes. They 
also have special intercellular connections that facilitate the 
penetration of the walls of blood vessels by these emigrating 
lymphocytes. The endothelium plays an essential, locally 
tuned role in regulating T cell migration and information 
exchange. Intimate cell-cell interaction between lymphocytes 
and endothelial cells provides instruction to T cells that 
influences their states of activation and differentiation. In 
addition, the endothelium can act as a non-hematopoietic, 
“semiprofessional,” antigen-presenting cell. Close contacts 
between circulating T cells and antigen-presenting endothelium 
may play unique non-redundant roles in shaping adaptive 
immune responses within the periphery.(16) The main factors 
regulating the dynamic transfer of lymphocytes are members of 
the chemokine family, as well as lipid mediator sphingosine-1-
phosphate (SlP). They perform this control by activating specific 
receptors, which contribute to the adhesion of lymphocytes 
inside specific microvessels of the secondary lymphatic 
organs, and subsequent migration within the lymphoid tissue, 
and exit into the blood.(17) Lymphocyte egress from LNs is 
strongly dependent on sphingosine‐1‐phosphate receptor type 

1 (S1PR1), by which lymphocytes sense high concentration of 
S1P in lymph (~100 nmol/L) compared with LN parenchyma 
(~1 nmol/L) to exit LN. S1PR1 acts to overcome retention 
signals mediated by CCR7, CXCR4 and possibly additional 
chemoattractant receptors.(18,19)

The migration of lymphocytes from HEVs into lymphoid 
organs is ensured by the sequence of interactions between the 
cell adhesion molecules on the lymphocytes and the vascular 
endothelial cell molecules that line the vessels. At the same 
time, lymphocyte homing receptors and vascular adresants 
regulate the first stages of this process—lymphocyte binding. 
Subsequent movement of lymphocytes along the surface 
of endothelial cells and migration through the vessel wall 
(diapedesis) are regulated regardless of the initial binding. It 
is assumed that these last stages are mediated by the functional 
activation of integrins on the lymphocyte by chemoattractants 
located in the vessel wall.(20) 

Brezinschek  et al.(21) showed  that CD4+ T cells acquire 
the capacity for transendothelial migration at a specific phase 
of maturation that is only minimally altered by the activation 
of either the T cell or the endothelial cells, or by the presence 
of specific chemokines in the subendothelial matrix.

Immunocompetent cells differ significantly in their 
adhesive properties, so analysis of T helper-cell subsets 
revealed that memory T cells bound severalfold stronger to 
ICAM-1 expressing transfectants compared to the CD4+ 
45RA+ naive T cells, whereas adhesion to B7, LFA-3- and 
B7/LFA-3-expressing CHO cells was similar in both T-cell 
subsets.(22) Authors suggest that resting naive CD4+ T cells 
utilize preferentially the CD2/LFA-3 or CD28/B7 adhesion 
pathways upon adhesion to APCs, while memory CD4+ T 
cells utilize the CD2/LFA-3, CD28/B7 and LFA-1/ICAM-1 
adhesion pathways.(22)

Stress hormones, cytokines, prostaglandins, and 
heavy metals capable of changing the adhesion properties 
of cells influence lymphocyte recycling. C. Spry showed 
that the administration of corticotropin reduces the egress 
of lymphocytes from the thoracic duct. In particular, their 
recirculation to the lymph decreased, and a smaller amount was 
restored.(28) Adrenergic regulation of the level of lymphocytes 
causes a decrease in the number of lymphocytes in the blood 
(which is associated with inhibition of the egress from LNs of 
antigen-primed memory T cells, but not effector cells), which is 
associated with the predominant expression of β2AR memory 
by T cells.(29-31) High adrenergic nerve activity can promote the 
priming of lymphocytes in the LN, but inhibit the inflammation 
caused by lymphocytes in the peripheral tissues.(32-34) A decrease 
in the activity of adrenergic nerves allows lymphocytes to leave 
LNs and gain access to peripheral tissues, which will facilitate 
the recognition and elimination of pathogens at the sites of 
infection. Consequently, adrenergic nerves can coordinate 
adaptive immune responses in LNs and peripheral tissues in 
order to maximize the host’s defense effectiveness by generating 
a daily LR rhythm.(35)

Zalavina et al.(36) studied the structural features of the 
zonal and cellular organization of thymus in 20 pregnant 
Wistar rats with the introduction of cadmium.  The revealed 
morphological restructuring of the thymus indicated the 
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accidental involution of the thymus, increased processes of 
death of thymocytes, and violation of the permeability of the 
components of the hematological barrier. The lymphocyte 
migration coefficient through individual postcapillary venules 
was reduced; however, the number of post-capillary venules 
involved in the process of effective migration increased, and 
this ensures the maintenance of recirculation processes of 
lymphoid cells at a sufficient level.

Lymphocyte egress from LNs is an important 
therapeutic target in T-cell-mediated autoimmune disease.(37) 
The presence of a viral antigen in LNs and spleen leads to 
a change in the rate of LR due to an increase in the average 
rate of T-cell binding (adhesion) to dendritic cells, and to a 
decrease in the rate of dissociation. This mechanism of the 
extreme retention of lymphocytes in lymphoid tissue through 
changes in the adhesive properties of APCs is probably also 
responsible for the lymphocyte shutdown phenomenon, in 
which the egress of lymphocytes from the antigen-stimulated 
LN can be temporarily stopped.(38) In addition, in some 
chronic inflammatory conditions, the formation of HEV-like 
vessels is induced, for example, with chronic Helicobacter 
pylorigastritis, inflammatory bowel disease and autoimmune 
pancreatitis, as well as with lymphoid stroma formed in 
some types of tumors. In these cases, activating factors 
include bacterial products (e.g., lipopolysaccharides) and 
pro-inflammatory cytokines (IL-1, TNFα, IFNγ). This allows 
for LR (homing), similar through HEVs to the secondary 
lymphoid organs. In the diffuse sclerosing variant of papillary 
thyroid cancer, the dominant population of cells attached to 
the surface of HEV-like vessels was CD8+ lymphocytes. With 
Hashimoto thyroiditis, there were no significant differences in 
the number of T and B cells. Such differences in the binding 
of lymphocytes to HEV-like vessels in various pathological 
conditions can be associated with various chemokines acting 
on these vessels.(39) It has been shown that FTY720 inhibits the 
egress of autoreactive T cells from the LN and, therefore, their 
migration to the target organ.(40) Animal studies have shown 
that treatment with β2AR agonists suppresses experimental 
autoimmune encephalomyelitis.(41-43) In sepsis, the number of 
lymphocytes in the peripheral blood decreases, mainly due to 
increased recycling of CD4+ cells.(44) 

Thus, the study of LR is important for understanding 
the course of the normal immune response, as well as the 
formation of pathology. However, there are many unanswered 
questions regarding the recirculation of various subpopulations 
of lymphocytes and the role of humoral factors, such as 
cytokines, chemokines and hormones, in regulating the 
recycling of subpopulations of cells, and little is known about 
the signals that control cell retention in tissue, which also 
include adhesive interactions. The molecular mechanisms of 
the process of penetration of activated cells into the thymus, 
as well as their exact functions, are also not completely 
determined. Very little is known about the potential function 
of recirculating T cells in dampening acute immune responses, 
possibly via tissue exit of Tregs or of T cells with irrelevant 
antigenic specificities.(45) Clarification of the molecular basis 
of the specific interactions of lymphocytes with endothelium 
will improve our understanding of the regulatory roles of 

adhesion molecules in other biological processes, such as the 
formation of immunodeficiency and metastasis. More insight 
into both the molecular mechanisms and the relevance of 
these processes will contribute to identifying new targets for 
immunomodulatory therapies.
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