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Abstract: Thymic nurse cells (TNCs) are specialized epithelial cells that reside in the thymic cortex. The initial 
report of their discovery in 1980 showed TNCs to contain up to 200 thymocytes within specialized vacuoles in 
their cytoplasm. Much has been reported since that time to determine the function of this heterotypic 
internalization event that exists between TNCs and developing thymocytes. In this review, we discuss the 
literature reported that describes the internalization event and the role TNCs play during T cell development in 
the thymus as well as why these multicellular complexes may be important in inhibiting the development of 
autoimmune diseases. 
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INTRODUCTION 
 The idea of a viable cell containing another living 
cell, cell-in-cell, is not entirely a new concept [1-5]. This 
type of cellular association was describe by Eberth in 
1864, showing lymphocytes residing within intestinal 
epithelium [1]. Since that time, a host of reports have 
been generated documenting these types of 
association between various cell types in a variety of 
species [6-9]. The internalization process can be 
classified as either homotypic or heterotypic [10-12]. 
Homotypic internalization primarily involves neoplastic 
cells although this type of internalization may also 
include non-tumorigenic cell as well. In heterotypic cell-
in-cell internalization, the host cell possesses the ability 
to internalize a variety of viable cell types. The 
heterogeneous population of internalized cells was 
shown to move vigorously within host cytoplasm with 
some of the cells exiting [13-15]. This intra-cytoplasmic 
cellular dynamism and exit is termed emperipolesis [16, 
17]. These internalization events may differ from the 
phagocytosis performed by macrophages to rid the 
organism’s body of dead or dying cells. 
 A heterotypic interaction best defines the mode of 
internalization of thymocytes by TNCs (Figs. 1, 2  
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panels 2 and 3). TNCs have been enigmatic since their 
discovery in 1980 [18]. On one hand, they are stromal 
epithelial cells that express cytokeratins. On the other 
hand, TNCs have phagocytic capabilities but are not 
classical cells of the immune system such as 
macrophages or dendritic cells which traditionally 
perform that function. For this reason, TNCs define a 
special cell type that is epithelial but functions very 
much like cells of the immune system. Early in the 
study of TNCs, there were questions about the 
authenticity of this multicellular structure in vivo (Figs. 
3, 4). Do TNCs exist in the thymus or do they assemble 
as an artifact of the extensive digestion procedure 
required for their ex vivo isolation? Are the internalized 
thymocytes enclosed cytoplasmically? What is the 
phenotype of the internalized cells, and what is the 
mechanism employed to facilitate these cell-in-cell 
structures? What function does this internalization 
event have during T cell development, and for NIH 
purposes, are there diseases specific to their 
malfunction? 
 In short, the answer is yes. Thymic nurse cells do 
exist in the thymus [19-22] (Figs. 3, 4). They are not 
artifacts produced by the isolation procedure. Most of 
the thymocytes within the multicellular complex are not 
cytoplasmic [18]. Those thymocytes that become 
apoptotic eventually enter the cytoplasm and are 
degraded by TNC-specific lysosomes [23]. The large 
numbers of thymocytes that are visible within the 
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complex reside in a unique 3D fenestrated cage-like 
structure believed to be important to the T cell 
developmental process [24] (Figs. 2, 3). It is 
reasonable to state that the internalization event is a 
function of the T cell developmental process because 
the thymocytes that interact with TNCs are 
αβTCRloCD4+CD8+ cells, which is the thymocyte 
phenotype that undergoes major histocompatibility 
complex (MHC) restriction [23, 25]. The uptake event of 
thymocytes by TNCs requires the active participation of 
both cell types. The rearrangement of both 
microfilaments and microtubules within TNCs, along 
with the formation of uropods by the thymocytes being 
internalized are required to facilitate the heterotypic 
internalization event observed between thymocytes 
and TNCs, resulting in the formation of this unique 
multicellular structure found within the thymic cortex 
[26] (Figs. 2, 4). If one examines the thymic cortices of 
autoimmune mice, the number of TNCs is significantly 
reduced [27-29]. It has been proposed that insufficient 

numbers of TNCs within the thymus may be directly 
correlated to self-antigen recognition in peripheral 
organs because the antigen presentation function of 
TNCs has been diminished in autoimmune animals. 
The details of the studies related to all of the issues 
presented above will be addressed in this review. 

Thymic Nurse Cells Identity and Function 
 Thymic nurse cells, a subset of cortical epithelial 
cells (cTEC) of the thymus were first identified in mice 
by Wekerle and Ketelsen, 1980. A TNC may contain as 
many as 200 proliferating lymphocytes within highly 
specialized cytoplasmic vacuoles (Fig. 3) [19] and also 
express both class I and class II MHC complexes on 
their cell membrane [25, 30]. The expression of class II 
antigens by TNCs was quite interesting since only cells 
of the immune system possess the capacity to present 
antigen. TNCs have been identified in many 
microenvironments of the thymus ranging from the 
subcapsular region of the thymus to corticomedullary�

 
Fig. (1). Phase contrast video microscopic analysis of TNC thymocyte interaction. Surface bound thymocytes are phase bright. 
Figure shows a time-lapse movement of the two thymocytes being brought into the TNC cell body via cytoplasmic membrane 
extensions (green circles and arrow). White circles illustrate thymocytes located within specialized cytoplasmic channels [24]. 
(Color figure available online). 

 
Fig. (2). Microscopic identification of membrane extensions and fenestrated structures of TNCs during binding and 
internalization. Panels 1 (SEM) and 2 (TEM) show fenestrated TNC structures. Panel 3 shows TNC membrane extension 
interacting with a thymocyte (*). Inset shows thymocytes with cage-like structure as well as thymocytes being released for cage 
[24].  
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junction (CMJ) and they also express cytokeratins 5 
and 8 (K5 and K8), which is a hallmark phenotype used 
to identify epithelial cells in the thymus. Their discovery 
in rodents has since led to identifying them in 
numerous vertebrate species including birds, fish, 
frogs, chicken and humans [31-34]. TNC expression of 
class II antigens on their cell surfaces suggests that 
they play a vital role in T cell development and MHC 
restriction. Recent findings suggest that TNCs also 
provide a microenvironment in which secondary T cell 
receptor alpha rearrangement occurs [35]. Hendrix et 
al. 2010 [24], have also shown TNCs to have 
progenitor potential. The nurse cells located at the CMJ 
are believed to express the stem-cell markers K5K8 
and P63 [36-38]. Further investigations by our group 
have shown embryonic cells destined to differentiate 
into thymic primordium stain positive for the TNC-
specific monoclonal antibody pH91 (Fig. 3 bottom left 
panel) [22]. The expression of pH91 remained robust 
throughout development as well as in the postnatal 

thymus. According to studies conducted by Geenen et 
al. 2009 [39] TNCs also express the neuroendocrine 
self-antigens, oxytocin and insulin-like growth factor-2 
and the autoimmune regulator AIRE. Further, their 
studies confirmed the presence of the transcription 
factor Foxp3 and AIRE expression within the TNC 
microenvironment suggesting a role for TNCs in natural 
T regulatory cell (nTreg) development. These studies 
establish TNCs as not only having an important role in 
thymocyte development but also shed light on their 
importance to T-cell tolerance since nTregs are known 
to be involved in the inactivation of autoreactive cells. 

The Role of TNCs in MHC Restriction 
 Thymocyte selection within the thymus is based 
upon the affinity model. The model of thymocyte fate 
selection relies upon the relative strength of binding 
that occurs between the TCR and MHC self-peptide 
complex [40-43]. Relatively weak interactions between 
the TCRs of double positive thymocytes and MHC self-

 
Fig. (3). Confocal microscopic analysis of K5+ K8+ pH91+ TNCs. Figure shows freshly isolated TNC stained with anti-K5 (red); 
anti-K8 (magenta) and the TNC-specific monoclonal antibody (green). The lower right panel indicates a merge of all three 
stains. Original magnification 40X [22]. 
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peptide complexes lead to positive selection, a process 
that promotes the survival of such selecting cells to 
eventually become single positive cells. Negative 
selection on the other hand, relies on strong affinity of 
TCR for MHC self-peptide complexes and induces 
clonal deletion in DP cells by programmed cell death 
also known as apoptosis [40-43]. Neglect is a type of 
cell-death that occurs when DP thymocytes fail to 
interact with MHC self-peptide. 

 
Fig. (4). Transmission electron micrograph of engulfed 
thymocytes by TNC. Isolated TNCs were fixed and prepared 
for TEM analysis. The large TNC nucleus is indicated by (**). 
Engulfed thymocytes are visible throughout TNC cytoplasm 
(*) [24]. 

 To address whether TNCs participate in MHC 
restriction, we constructed TNC cell-lines by 
immortalizing freshly isolated TNCs with a temperature-
sensitive SV40 virus [44]. The resulting TNC-line, 
tsTNC-1 was shown to bind and internalize immature 
viable thymocytes bearing the αβTCRloCD4+CD8+ 

phenotype [45, 46] (Fig. 1). Further, creating such a 
research tool enabled us to conduct long-term co-
incubation studies since freshly isolated TNCs have a 
limited life-span in culture and also because they do 
not reestablish binding and internalization of 
thymocytes once their thymocyte cargo has been 
released in culture [25]. Further, tsTNC-1 cells were 
shown in long-term co-incubation experiments to 
rescue a subpopulation of the internalized cells from 
apoptosis by inducing the expression of Bcl-2, an anti-
apoptotic protein whereas a second subset was 
induced to become apoptotic. The activation of Bcl-2 in 
this population of thymocytes may be important to the 
recently published data that show secondary T cell 
receptor alpha rearrangement within TNCs require an 
extensive time period [35]. Two distinct populations of 
cells were released from the TNC thymocyte 
interactions, however, the cells that remained intra-
cytoplasmically died via apoptosis [23]. Also, antibodies 
targeting MHC class I or class II antigens abrogated 
the rescue activity by TNCs previously observed. In 
addition, when IL1β was added to the co-culture, 
rescued thymocytes transitioned from an immature  
 

phenotype αβTCRloCD69- to αβTCRhiCD69+. Taken 
together, these data suggest that the TNC/thymocyte 
interaction results in the rescue and early maturational 
steps of immature thymocytes. 
 To further demonstrate the role of TNCs in MHC 
restriction, we examined the HY- TCR transgenic 
system [9, 47]. In this transgenic system, the repertoire 
of immature thymocytes express an αβTCR that 
exclusively interact with the male-specific HY antigen 
within the context of MHC. We performed a 
comparative confocal microscopic analysis of TNCs 
isolated from HY-TCR females and HY-TCR males. 
HY-TCR transgenic females were shown to have 17 
times more TNCs and their TNCs were significantly 
larger than that of HY males [9]. In addition, the HY-
TCR females contained 5 times more thymocytes 
within cytoplasmic vacuoles than their male 
counterpart. TUNEL analyses of both female and male 
TCR transgenic mice showed a dramatic increase in 
apoptosis among male animals (42%) compare to 4% 
for HY females. These data strengthen the theory that 
TNCs create an intimate 3D microenvironment that 
promotes their participation in MHC restriction (Fig. 2). 
Further, these data clearly demonstrate that TNCs are 
associated with viable thymocytes and refute the notion 
that they are involved in the removal of nonfunctional 
and apoptotic thymocytes [9, 48]. 

Differentiation of Pre-Entotic Lymphocytes 
 T cell progenitors (TCPs) originate in the bone 
marrow and use the circulatory system as a vehicle for 
their transportation to the thymus [49]. The TCPs enter 
the thymus at the CMJ and undergo a series of 
interaction with thymic stromal cells that eventually 
result in specific cell function [49]. When they initially 
enter into the thymus, TCPs do not express cell-
surface markers CD4 nor CD8 nor αβTCR and are 
termed triple negative (TNs) [50]. The TN cells undergo 
a series of developmental changes due to interactions 
with specific microenvironmental niches that result in 
the production of single positive CD4+ T cells or CD8+ T 
cells. Prior to their terminal T cell lineage commitment, 
immature T cells are grouped into four defined stages; 
DN1, DN2, DN3 and DN4 based upon cluster of 
differentiation (CD) 4 and 8 expression. Each T cell 
substage can be differentiated by the expression or 
absence of CD44 and or CD25 [51]. DN1 cells are 
predisposed to T lineage commitment, whereas DN2 
cells transit the thymic cortex and initiate the 
rearrangement of TCR-β. After DN3 cells successfully 
rearrange β-chain, they transit to the DN4 stage of 
development. DN4 cells that successfully executed β-
chain rearrangement result in the significant reduction 
in the expression of both CD44 as well as CD25 and 
concomitantly increased the expression of CD4 and 
CD8, which activates TCR-α chain rearrangement [52, 
53]. The TCR-α rearrangement event establishes a 
triple positive thymocyte phenotype αβTCRloCD4+CD8+ 
that interacts with TNCs [45]. 
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The TNC/Thymocyte Interaction Typifies Heterotypic 
Cell-in-Cell Interaction 
 The use of immortalized TNC cell-lines provided the 
first set of evidence showing the binding and 
internalization of immature thymocytes [44, 45]. When 
freshly isolated thymocytes were added to the TNC 
cell-line SVT-II2 and videotaped for a duration of 12 
hours, membrane channels developed and became 
visible [44, 45]. αβTCRloCD4+CD8+ thymocytes were 
brought into the TNC cell body by cytoplasmically 
rearranged finger-like projections (Figs. 1, 22-3). Both 
cell types mediate the interactions. Thymocytes 
rearrange their shapes to produce a unique structure 
called a uropod (tail-like structure) that facilitated their 
movement into the TNCs [26]. The internalized 
thymocytes moved vigorously about each other, and in 
some cases moved unilaterally within specialized 
channels (Fig. 1). Philp et al. 1993 [54] demonstrated 
that the internalized thymocytes were completely 
enclosed within the TNC structure. These results 
however, instigated questions concerning the nature of 
this interaction with respect to the cytoplasmic location 
of captured thymocytes. 
 The binding of thymocytes to TNCs is mediated by 
an antigenic determinant on the TNC membrane. We 
have developed a TNC-specific monoclonal antibody 
(pH91) in our laboratory that recognizes a 43-kDa 
protein on the cell surface of TNCs [21]. In tissue 
culture experiments, ts-TNC-1 treatment with pH91 
resulted in a significant binding reduction of thymocytes 
to TNCs. Further, when we co-cultured fetal thymus in 
the presence of pH91, we observed a marked 
reduction in thymocyte viability. These data suggest the 
interactions between immature thymocytes and the 
receptor defined by the pH91 antibody on TNCs 
provide critical signals that are necessary for thymocyte 
binding and the subsequent internalization event. After 
several attempts, using a significant number of 
techniques in our laboratory and in commercial 
laboratories, the antigen targeted by pH91 remains 
undefined. 
 The thymocyte uptake by TNCs is mediated by 
cytoskeletal proteins actin and tubulin [26]. 
Immunofluorescence analyses reveal that both 
cytoskeletal proteins rearrange to make contact with 
thymocytes at bound surfaces. The treatment of co-
cultures with the cytoskeletal inhibitors colchicine or 
jasplakinoloid caused the binding and internalization of 
thymocytes by the TNCs to be significantly reduced. 
Similarly, Overholtzer et al. 2007 [12], examined 
whether cell engulfment requires actin, myosin Rho, 
and ROCK activity. Their results showed that when 
cells were treated with latrunculin B, an inhibitor of 
actin polymerization or blebbistatin, an inhibitor of 
myosin II, the treated cells formed suspension 
aggregates that minimally engulfed other cells. Further, 
inhibition analyses of Rho GTPase and their target 
effectors showed significant reduction in engulfment. 
These findings associate Rho-ROCK-actin/myosin as 
important players during the process of engulfment. 
These studies reveal the importance of cytoplasmic 

proteins during the internalization event, however, 
much remains to be done to define the role of these 
and other cytoplasmic proteins during heterotypic 
cellular uptake by different cell types. 
 The internalization of αβTCRloCD4+CD8+� thymocytes 
by TNCs is dependent on TNC-cytoplasmic filamentous 
extensions, pH91 binding and actin/tubulin retraction. 
Video evidence show the lassoing action of 
cytoplasmic extension around the thymocytes (Fig. 1). 
This actin/tubulin retraction leads to thymocyte 
transportation into the cage-like structure, where we 
believe TNC-specific MHC restriction is housed. 
Thymocytes are allowed to move freely within caverns 
and exit the fenestrae. The internalization process used 
by TNCs, although they have different molecular 
requirements, is reminiscent of the action deployed 
during the process of entosis. An important 
consideration is what happens to the thymocytes that 
are negatively selected within the TNC fenestrae? We 
believe that these dead cells are trafficked into the 
cytoplasm of the TNCs and are degraded by 
lysosomes. The mechanism used in the latter process 
may be similar to those of entosis or ‘eat me’ 
recognition signals such as phosphatidylserine used by 
phagocytic cells [55]. The emerging concept of the 
TNC structure is bipartite where cell selection occurs 
within the apical fenestrae (cage-like) region of the cell 
and negatively selected cells enter the cytoplasm 
through vacuoles located between the cage and the 
cytoplasm. 
 Using TEM, SEM and confocal techniques we were 
able to ascertain a more complete representation of the 
thymic nurse cell structure (Figs. 1-4). Co-cultures were 
grown in Terisaki plates and examined by confocal 
microscopy. Images show a TNC containing many 
internalized thymocytes compartmentalized into the 
body of the TNC structure. At the apical region there 
appears to be extensive membrane folds creating a 
highly fenestrated cage (Fig. 2). The fenestrated region 
of the TNCs may house the apparatus for MHC 
selection of developing thymocytes. In that study we 
proposed that cells undergoing negative selection may 
be entosed into the cytoplasm. Simply stated, most of 
the thymocytes within the TNC microenvironment are 
not cytoplasmic, although when visualized 
microscopically the entire population appears to be 
within the cytoplasmic membrane. We believe the 
fenestrated cage-like structure that houses the majority 
of the thymocytes within the multicellular structure 
provides an extended surface area of plasma 
membrane presenting both class I and II MHC proteins. 
It is in this area of the TNC structure that MHC 
restriction occurs. Those cells that are positively 
selected can exit the structure because this unique 
membranous cage-like arrangement is external to the 
cytoplasm of the TNC (Fig. 21). Otherwise, the release 
of maturing thymocytes would involve a series of 
undocumented membrane fusions to facilitate exit from 
the cytoplasm. The thymocyte subset that is negatively 
selected is emptied into classical cytoplasmic vacuoles. 
We know that negatively selected thymocytes are 
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cytoplasmic because they fuse with lysosomes where 
they are destroyed [23]. 

The Role of TNCs in Autoimmunity 
 The idea that autoimmune diseases develop as a 
consequence of the activity of aberrant lymphocytes 
that cannot tolerate self-antigens was first presented by 
Burnet in 1972 [56]. Conceivably, these auto-reactive 
lymphocytes may result from disruptions in both central 
(recessive) and peripheral (dominant) tolerance 
mechanisms. Genetic evidence was provided to 
support a role for dominant tolerance in the prevention 
of autoimmunity with the discovery that a genetic 
mutation in the Foxp3 gene resulted in the reduction of 
immunosuppressive activity among regulatory T cells in 
the periphery [56, 57]. Additionally, mutations in the 
gene encoding AIRE were found to result in the 
development of diseases like Type I diabetes and 
autoimmune polyendocrinopathy candidiasis 
ectodermal dystrophy (APECED) [58]. Although this 
particular finding seems to suggest that genetic 
mutations can impair recessive tolerance mechanisms 
and consequently result in autoimmune disorders, 
genetic mutations are insufficient in explaining the 
contribution of disrupted central tolerance to 
autoimmune regulation. This observation is reinforced 
by the recent finding that negative selection is intact in 
NOD mice [59]. 
 An abnormal thymic architecture is a common 
feature associated with several models of autoimmune 
disease. For example, large acellular spaces referred 
to as “cortical holes” have been described in the thymic 
cortex of several murine models of systemic lupus 
erythematosus (SLE) including MRL/MP-lpr/lpr, 
BXSB/MpJ Yaa, and C3H/HeJ-gld/gld [28]. Epithelial 
cell free zones and disruptions in the cortical epithelial 
network were also observed in the thymi of other 
autoimmune mouse models such as NOD, NOD-scid 
and NZB [60]. Since, both positive and negative 
selection of thymocytes relies on the number of 
profitable contacts occurring between developing T 
cells and the thymic epithelium, stromal abnormalities 
in the autoimmune thymus are of great interest. It was 
suggested that thymic architectural abnormalities in 
autoimmune animals resulted from accelerated 
degeneration of thymic stromal cells [29]. Since thymic 
structural abnormalities were observed in animals prior 
to manifestations of disease and were never observed 
in normal mice, they were considered to be a cause 
and not a consequence of the autoimmune disease 
etiology. Of particular interest was the finding that TNC 
numbers decreased exponentially in the thymi of 
diseased SLE-prone mice [29]. This reduction in TNC 
number was always coupled with a reduction in 
apoptotic frequencies among thymocytes. 
 However, such significant decreases in TNC 
number were not unique to the autoimmune disease 
SLE. It was also reported in the thymi of obese 
chickens that develop spontaneous autoimmune 
thyroiditis [32]. 

 In our own studies, using the lupus prone NZB/W 
model we have observed marked reduction in TNC 
numbers with a strong correlation to serum conversion 
from IgM to IgG (unpublished). In addition, the thymic 
architecture appears to be irregularly arranged with no 
defined cortices or medulla and the presence of cortical 
holes appear throughout the thymic tissue. 
 In a recent study (2008) [39], examined TNCs 
participation in the development of effector and natural 
regulatory T cells. Regulatory T cells are important to 
the process of immune tolerance although the 
mechanism of how they are generated in the thymus is 
not fully understood. Their findings show that the 
thymocytes internalized by TNCs express both AIRE 
and FoxP3 within their nuclei. FoxP3 is a marker used 
to identify Tregs. Their study is important to the 
understanding of SLE because if TNCs participate in 
Treg development then TNC deficiencies as a result of 
cortical-hole formation would cause a dramatic 
reduction in the number of Tregs being generated in 
the affected thymus. Therefore, affected animals with 
significantly less Tregs maybe more prone to develop 
autoimmune diseases. 
 TNCs are among the major cell types engaged in the 
selection and differentiation of T cells in the thymus, and 
their functional loss seems to result in the immune 
dysregulation seen in many autoimmune diseases. The 
development of cellular therapies for autoimmune 
diseases which focus on restoring immune regulation 
should include methods to reestablish the intrathymic 
TNC profile. Such therapies have the potential to 
reestablish negative selection and differentiation of 
nTregs in the thymus. There are several precedents 
which suggest that cellular therapies may be 
successfully used as treatment regimens for 
autoimmune disease. For example, Peterson et al. 
(2011) [61] demonstrated that disease onset was 
inhibited in a mouse model of autoimmune arthritis by 
increasing the number of Tregs in the thymi and spleen 
of these animals. Another experiment demonstrated that 
the transfer of human amniotic epithelial cells (hAEC) 
into mice prone to autoimmune encephalomyelitis 
resulted in an increase in the number of CD4+ CD25+ 
FoxP3+ Tregs in peripheral lymph nodes [62]. 
Additionally, hematopoietic stem cell transplants have 
been used successfully to treat patients with severe 
forms of autoimmune diseases such as multiple 
sclerosis [63], SLE [64] and rheumatoid arthritis for over 
thirteen years [65]. Thus the development of TNC-based 
cellular therapies may provide alternatives to 
conventional treatments for autoimmune diseases. 
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