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Abstract
Various lymph node functions are regulated by the sympathetic nervous system as 
shown in rodent studies. If human lymph nodes show a comparable neural regula-
tion, their afferent nerves could represent a potential therapeutic target to treat, for 
example, infectious or autoimmune disease. Little information is available on human 
lymph node innervation and the aim of this study is to establish a comprehensive and 
accurate representation of the presence and location of sympathetic nerves in human 
lymph nodes. Since previous studies mention sympathetic paravascular nerves to oc-
casionally extent into T cell- rich regions, the relation of these nerves with T cells was 
studied as well. A total number of 15 inguinal lymph nodes were resected from six do-
nated human cadavers. Lymph node sections were stained with HE and a double T/B 
cell staining for evaluation of their morphology and to screen for general pathologies. 
A triple stain was used to identify blood vessels, sympathetic nerves and T cells, and, 
to study the presence and location of sympathetic nerves and their relation to T cells. 
To evaluate whether the observed nerves were en route to other structures or were 
involved in local processes, adjacent slides were stained with a marker for varicosities 
(synaptophysin), which presence is suggestive for synaptic activity. All lymph nodes 
contained sympathetic nerves, both as paravascular and discrete structures. In 15/15 
lymph nodes, nerves were observed in their capsule, medulla and hilum, whereas only 
13/15 lymph nodes contained nerves in their cortex. The amount of sympathetic 
nerves varied between compartments and between and within individuals. In general, 
if a lymph node contained more paravascular nerves in a specific compartment, more 
discrete nerves were observed as well. Occasionally, discrete nerves were observed in 
relation to T cells in lymphoid tissues of the cortex and medulla. Furthermore, discrete 
nerves were frequently present in the capsule and hilum. The presence of varicosi-
ties in a portion of these nerves, independently to their compartment, suggested a 
local regulatory function for these nerves. Human lymph nodes contain sympathetic 
nerves in their capsule, trabeculae, cortex, medulla and hilum, both as paravascular 
or as discrete structures. Discrete nerves were observed in relation to T cells and 
non- T cell- rich areas such as the hilar and capsular connective tissue. The presence 
of discrete structures suggests neural regulation of structures other than blood ves-
sels, which was further supported by the presence of varicosities in a portion of these 
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1  |  INTRODUC TION

Lymph nodes are strategically located secondary lymphoid organs 
which filter lymph and initiate local adaptive immune responses. 
Although long considered to function independently, nowadays it 
is known that this response can be regulated by the autonomic ner-
vous system. This neural regulation predominantly occurs via the 
sympathetic neurotransmitter noradrenalin (NA) which influences 
lymph node lymphocyte proliferation, antibody secretion, blood 
perfusion, inflammatory cytokine production, and lymphocyte mi-
gration and egression, as shown in various rodent studies (Guyot 
et al., 2019; Madden et al., 1989; Madden et al., 1994; Nakai et al., 
2014; Rogausch et al., 2004; Suzuki et al., 2016). In rodents, sympa-
thetic varicosities have been observed in relation to lymphocytes 
which could attribute to this neural regulation (Felten et al., 1984; 
Giron et al., 1980). If human lymph nodes show a comparable neural 
regulation, lymph node nerves could represent a potential therapeu-
tic target to treat, for example, infectious or autoimmune disease.

So far only two studies report on sympathetic innervation of human 
lymph nodes. Both studies primarily observed sympathetic nerves sur-
rounding vascular structures and both mentioned that infrequently 
nerves branched off to extent into T cell- specific parenchymal regions 
(Fink & Weihe, 1988; Panucio et al., 1998). Since the description of in-
nervation patterns in these studies was very concise and no specific T 
cell staining was performed, the distribution patterns of sympathetic fi-
bers in human lymph nodes remains unclear as well as their relation with 
T cells. To further consider therapeutic neural modulation of human 
lymph node immune response, understanding of the sympathetic in-
nervation patterns of human lymph node is essential. Therefore, the 
aim of the current study is to establish a comprehensive and accurate 
representation of the presence and location of sympathetic nerves in 
human lymph nodes and to determine their relation to T cells.

2  |  MATERIAL S AND METHODS

2.1  |  Staining procedures

Inguinal lymph nodes of 6 formaldehyde perfused cadavers were 
studied. These included three male and three female cadavers with 
a median age of 75.5, ranging from 69 to 91 years. No scars or skin 
infections were observed in the inguinal-  or pelvic region or on the 
lower extremities. Bodies were donated through a body donation pro-
gram to the Anatomy department of the University Medical Center 

Utrecht, the Netherlands. Informed consent was obtained during life, 
allowing the use of these bodies for educational and research pur-
poses. Whole body preservation was accomplished by perfusion with 
3% formaldehyde via the femoral artery. For each cadaver, 2- 4 ingui-
nal lymph nodes, resulting in a total number of 15 lymph nodes, were 
macroscopically located, resected and further processed for paraf-
fin embedding by placing them in increasing percentages of ethanol, 
xylene, and paraffin. Paraffin blocks were cut on a microtome (Leica 
2050 Super Cut, Nussloch, Germany) and a series of 5 μm thick sec-
tions (originating from one level of the middle portion of the lymph 
nodes) were placed on glass slides, air dried, and subsequently heat 
fixed for 2 hours on a slide drying table of 60°C (Medax, 14801, Kiel, 
Germany). Hematoxylin/Eosin (HE) and a double T and Bcell immu-
nostaining (using antibodies against specific membrane proteins, 
being CD3 and CD20, respectively) were used to evaluate technical 
tissue quality and to screen for general histoarchitectural changes 
(technical details on staining methods are listed in the following para-
graphs). To evaluate the presence of sympathetic nerves in relation to 
T cells and blood vessels, a triple stain was performed using the mark-
ers Tyrosine Hydroxylase (TH), CD3 and von Willebrand Factor (vWF), 
respectively. Adjacent slides were single stained with a general nerve 
marker (Protein Gene Product 9.5 (PGP9.5)) to confirm neural identity 
of TH- immune reactive (IR) structures and with a marker for presyn-
aptic vesicles (synaptophysin) to determine the presence of varicosi-
ties and thereby confirm that these nerves were not en route, but most 
likely innervated local tissue. Prior to histochemical and immunohis-
tochemical staining, all tissue sections were dewaxed in xylene and 
rehydrated through graded alcohols and distilled water.

2.1.1  |  HE staining

Tissue sections were stained with hematoxylin (Klinipath, Olden, 
Belgium) for 10 min. After rinsing in running tap water sections were 
dipped in ethanol 50%, stained with eosin (Klinipath) for 1 min and 
dehydrated in a graded series of alcohol and xylene. The slides were 
cover slipped with Entellan (Merck, Darmstadt, Germany). All steps 
were performed at room temperature (RT).

2.1.2  |  Immune histochemical staining procedures

Tissue sections were pretreated with Heat Induced Epitope Retrieval 
(HIER) in citrate buffer (pH6.0) for 20 min at 95°C. Tris- buffered 

nerves. These observations are of relevance in further understanding neural regula-
tion of lymph node immune responses and in the development of neuromodulatory 
immune therapies.
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saline with 0.05% Tween20 (TBS- T) was used for all washing steps 
and were performed at room temperature (RT). Table 1 contains 
technical details on the used antibodies. For the sequential triple 
stain, the sections were incubated with 3% Normal Goat Serum 
(NGS) in TBS prior to incubation with Rabbit anti- human CD3 anti-
body (1:50 in TBS- T + 1% BSA, 90 min, RT, Dako, Glostrup, Denmark). 
CD3 was visualized with undiluted Brightvision Poly- AP Goat- anti- 
Rabbit (ImmunoLogic, Amsterdam, the Netherlands) and PermaBlue 
Plus/AP (Diagnostics Biosystems, Pleasanton, CA). Next, a HIER step 
was performed in citrate buffer (pH 6.0, 15 min, 95°C) to remove 
all unbound antibodies but leave the chromogen in place (van der 
Loos, 2007). Staining was continued by incubating with 5% NHS in 
TBS and rabbit anti- human TH (1:1500 in TBS- T + 1% BSA, overnight 
at RT), Pel Freez, Rogers AR). TH was detected with Brightvision 
Poly- AP Goat- anti- Rabbit (ImmunoLogic) and liquid permanent red 
(LPR) (Dako). Next a HIER step was performed in Tris- EDTA buffer 
(pH9.0, 15 min, RT) to remove all unbound antibodies. Finally, the 
sections were incubated with 5% NHS in TBS and Rabbit anti- human 
vWF (1:2000 in TBS- T + 1% BSA, 60 min RT, Dako), Brightvision 
Poly- AP Goat- anti- Rabbit (ImmunoLogic) and PermaGreen Plus/AP 
(Diagnostics Biosystems). Sections were then dried on a hot plate for 
15 min at 60°C and cover slipped with Entellan (Merck).

For the sequential double stain for T-  and B cells, sections were 
incubated with 5% Normal Human Serum (NHS) in TBS prior to in-
cubation with Mouse anti- CD20 (1:50 in TBS- T + 1%BSA, 90 min, 
RT, Dako). CD20 was visualized with undiluted Brightvision Poly- AP 
Goat- anti- Mouse and PermaBlue plus/AP (Diagnostics biosystems). 
To remove all antibodies but leave the chromogen in place, a HIER 
step in citrate buffer was performed (pH 6.0, 15 min, 95°C). Next all 
sections were incubated with 3% NGS in TBS prior to incubation with 
Rabbit anti-  human CD3 antibody (1:50 in TBS- T + 1% BSA, 90 min, 
RT, Dako). Staining was continued with Brightvision Poly- AP Goat- 
anti- Rabbit (ImmunoLogic) and LPR (Dako). Sections were dried on a 
hotplate for 15 min at 60°C and cover slipped with Entellan (Merck).

For PGP9.5 and synaptophysin single staining, sections were in-
cubated with 5% Normal Human Serum (NHS) in TBS prior to incuba-
tion with rabbit anti human PGP9.5 antibody (1:2000 in TBS- T + 3% 
BSA, 48 hr, 4°C, Dako) or Synaptophysin (1:300 in TBS- T + 1% BSA, 
overnight 4°C, Thermo Fisher, Fremont, CA), followed by visual-
ization with undiluted Brightvision Poly- Alkaline Phosphatase (AP) 
Goat- anti- Rabbit (ImmunoLogic) and LPR (Dako). Sections were 

counterstained with hematoxylin (Klinipath), dried on a hotplate for 
15 min at 60°C and cover slipped with Entellan (Merck).

Lymph node vessel wall innervation was used as an intrinsic posi-
tive control for both neural markers and intrinsic lymph node vessels 
and T cells for vWF and CD3, respectively. Human spleen sections 
that were previously confirmed to show proper staining for B cells, 
T cells and sympathetic nerves were included as a positive control 
for CD20, CD3, TH and PGP9.5, respectively. Beta cells in human 
pancreas sections were used as positive controls for synaptophysin. 
Negative controls were obtained by incubation with TBS- 3%BSA 
without primary antibodies.

2.2  |  Microscopic evaluation

All slides were evaluated by bright field microscopy and in case of 
small TH, PGP and synaptophysin- IR structures, which were visual-
ized with the chromogen LPR, by additional fluorescent microscopy 
(LPR has stable fluorescent features, allowing to alternately switch-
ing between bright field and fluorescent microscopy). All samples 
were studied using a DM6 microscope (Leica, Nussloch, Germany) 
and in case of fluorescent microscopy, an I3 fluorescent filter.

2.2.1  |  Location and quantification of 
sympathetic nerves

Brightfield tile scans (stitched overlapping images) were captured of 
all lymph nodes using a 10x objective. Tile scans were opened in 3D 
paint (Microsoft office) and all sympathetic nerves were encircled 
manually. This resulted in overview images of lymph nodes with their 
sympathetic nerve distribution clearly visible. The general amount 
of sympathetic nerves (irrespective to whether these were paravas-
cular or discrete nerves) for each compartment, being the capsule, 
cortex, medulla and hilum, was then quantified by means of scor-
ing according to the following grading scale: - : complete absence, +: 
minor amount, ++: moderate amount and +++: substantial amount. 
Prior to scoring, all lymph nodes were evaluated by the observers 
in order to obtain a general idea of minimal and maximal amounts 
for each compartment. Each sample was examined independently 
by two observers (CC and CM). When there was disagreement 

TA B L E  1  Primary antibodies used for immune histochemical staining

Host + Clone Vendor
Dilution, incubation 
time and temperature

Tyrosine hydroxylase Rabbit Polyclonal PelFreez (Rogers, USA) 1:1500, o.n. RT

PGP9.5 Rabbit Polyclonal Dako (Glostrup, Denmark) 1:2000, 48 hours, 4ºC

Synaptophysin Mouse Monoclonal (SP11) Thermo Fisher (Fremont, USA) 1:300, o.n., 4ºC

CD3 Rabbit Polyclonal Dako (Glostrup, Denmark) 1:50, 90 min, RT

CD20 Mouse Monoclonal (L26) Dako (Glostrup, Denmark) 1:50, 90 min, RT

Von Willebrand Factor Rabbit Polyclonal Dako (Glostrup, Denmark) 1:2000, 60 min, RT
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between the observers the samples were re- examined and scored 
by consensus.

2.2.2  |  Image acquisition

Brightfield single images were captured at various magnifica-
tions using a DM6 microscope with a motorized scanning stage, a 
DFC7000T camera and LASX software (all from Leica, Nussloch, 
Germany).

3  |  RESULTS

3.1  |  General observations

In total, 15 lymph nodes were evaluated. All showed typical mor-
phological lymph node characteristics such as a capsule with tra-
becula, a subcapsular sinus, a cortex, medulla and a hilum (Figure 1). 
Depending on the level/angle of the sections, the amount of cortical, 
medullar and hilar tissue slightly varied. To a certain extent all lymph 
nodes showed common age- related histoarchitectural changes such 
as lymphocyte paucity (resulting in less demarcated B-  and T cell 
regions), fibrosis and lipomatosis (Hadamitzky et al., 2010). No sig-
nificant pathologies were observed.

3.2  |  Sympathetic nerve distribution

All lymph nodes contained sympathetic nerves in their capsule, cor-
tex, medulla and hilum (Figure 1). The amount of sympathetic nerves 

per lymph node compartment varied between and within individuals. 
Table 2 contains an overview of the studied lymph nodes, including 
a semiquantitative evaluation of the amount of sympathetic nerves 
per compartment. Adjacent PGP- stained slides confirmed the neural 
identity of the observed TH- IR structures. In general, it was noticed 
that if a lymph node contained more paravascular nerves, the more 
discrete nerves were present as well.

3.2.1  |  Capsule

All 15 lymph nodes showed a well- developed capsule from which 
occasionally trabeculae emerged that penetrated the parenchyma. 
All capsules, and occasionally their trabeculae, contained paravas-
cular and discrete sympathetic nerves (Figure 2d). Nerves were 
most frequently observed in the most outer layers of the capsule. 
Occasionally nerves were observed in deeper layers, but never in 
proximity to the subcapsular sinus.

3.2.2  |  Cortex

In 13/15 lymph nodes, sympathetic nerves were present in the 
cortex. In most lymph nodes, cortical nerves were infrequently 
observed and showed a heterogeneously distribution, whereas in 
a few cases (the ones scored as ++ or +++), cortical nerves repre-
sented a more prominent feature with a homogeneous distribution. 
In the cortex nerves were observed either as paravascular nerves or 
as discrete nerves within T cell dense lymphoid tissue (Figure 2c,f). 
Occasionally paravascular nerves were observed to extent into T cell 
dense lymphoid tissue.

F I G U R E  1  Lymph nodes with different quantities of sympathetic nerves. Hematoxylin / eosin and CD3/CD20 stained slides show the 
general lymph node morphology and distribution of lymphocytes, respectively. In overview images of TH/CD3/vWF stained slides, the 
presence of sympathetic nerves in the various compartments is indicated by black circles (in these overview images, nerves cannot be 
distinguished). More detailed images of sympathetic nerve distribution can be found in Figure 2. (a- c): Lymph node (# 13) with high nerve 
quantity. (d- f): Lymph node (# 15) with low nerve quantity. Black circled structures: sympathetic nerves (Small circles: discrete nerve fibers or 
small nerves Larger circles: clusters of nerves / blood vessels with paravascular nerves)

(a) (b) (d) (e)

(c) (f)
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3.2.3  |  Medulla

Sympathetic nerves were observed in the medulla of all lymph nodes. 
In 2/15 LNs, medullary nerves were a rare observation whereas in 
other lymph nodes they appeared to represent a more residential 
feature. Nerves were observed surrounding vascular structures and 
in between the lymphoid tissue of the medullary cords (Figure 2e).

3.2.4  |  Hilum

All lymph nodes, contained sympathetic nerves in their hilum. In 
general, this compartment contained many blood vessels of various 
sizes with a paravascular sympathetic nerves (Figure 2g) and many 
fine discrete nerves in between its connective tissue (Figure 2g).

3.2.5  |  Synaptic activity

Synaptophysin- IR was, irrespective to the compartment, observed in 
a portion of paravascular nerves and in discrete nerves (Figure 2c- g).

4  |  DISCUSSION

The current study shows that human lymph nodes contain sympa-
thetic nerves in their capsule, cortex, medulla and hilum, not only 

paravascular but also as discrete structures. Although these obser-
vations have been reported previously (Fink & Weihe, 1988; Panucio 
et al., 1998), this is the first study that visually showed sympathetic 
nerve distribution, semi- quantified the amount for each compart-
ment and showed that a portion of these nerves was in proximity 
with T cells.

Although previous studies suggest sympathetic innervation of 
human lymph node parenchyma to be a rare finding (Fink & Weihe, 
1988; Panucio et al., 1998), the current study shows this represented 
a more common feature, especially in the medulla. Discrete sympa-
thetic nerves were observed to be in close proximity with T cells and 
the presence of synaptophysin, and thus varicosities, suggests local 
neural activity. T cells are known to express beta (β) 2-  adrenergic 
receptors (AR), which upon activation can regulate T cell differen-
tiation, activation and effector function (recently reviewed by Qiao 
et al., 2018). Although the current study focused on the relation of 
sympathetic nerves with T cells, other immune cells, such as mac-
rophages, dendritic cells and B cells express adrenergic receptors 
(Qiao, 2018) and might be under direct sympathetic control as well.

In addition to immune cells, reticular cells should also be taken 
into consideration as a neuro immune target. These cells represent 
the main cellular component of the reticular fiber network of sec-
ondary lymphoid organs and play a vital role in, for example, guided 
migration of immune cells by the production and secretion of specific 
chemokines (Murray et al., 2017). For rodents it has been shown that 
nerve endings are in contact with these reticular cells (Villaro et al., 
1987), that these cells express adrenergic receptors and that their 

TA B L E  2  Patient profiles and semi- quantified data of lymph node sympathetic nerve distribution

Cadaver Sex Age Lymph node

Distribution of sympathetic nerves

Capsule Cortex Medulla Hilum

I F 81 1 (L) ++ - + +

II F 91 2 (L) + + ++ ++

3 (R) + _ ++ ++

III M 71 4 (L) ++ + ++ +++

5 (L) ++ ++ ++ +++

6 (L) ++ + ++ +++

7(R) ++ ++ ++ ++

IV M 70 8 (L) + ++ ++ +

9 (R) + ++ ++ ++

V M 69 10 (L) ++ ++ +++ +++

11 (L) +++ +++ +++ +++

12 (R) +++ ++ +++ +++

13 (R) +++ ++ +++ +++

VI F 86 14 (L) ++ + + ++

15 (R) + + ++ ++

Each compartment is evaluated as a distinct entity and the amount of nerves were scored as none (- ), the least amount of all lymph nodes (+), the 
most amount of all lymph nodes (+++) or valued as in between (++). This scoring method allows to compare various lymph nodes for the amount 
of sympathetic nerves in a specific compartment. Compartments within a lymph node cannot be compared. No distinction was made between 
paravascular and discrete nerves.
(L): from the left inguinal region (R): from the right inguinal region.
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chemokine production is regulated by sympathetic nerves (Murray 
et al., 2017). The presence and function of similar adrenergic signal-
ing components in the human reticular fiber network remains to be 
resolved.

Thus, lymph node immune function can be regulated directly 
via adrenergic receptors on various immune cells and indirectly via 
reticular cells. However, other sympathetic innervated structures 
might be involved in indirect regulation as well. These structures 
might include SMCs in capsule, trabeculae, hilum and vascular struc-
tures. All studied lymph nodes showed discrete sympathetic nerves 
in their capsules and occasionally in their trabeculae. These struc-
tures are known to contain a substantial amount of smooth mus-
cle cells (SMCs) in addition to their fibrous connective tissue (Folse 
et al., 1975; Furuta, 1948) which most likely represent the neural tar-
get tissue of the observed fine discrete sympathetic nerves. In vitro 
electrostimulation of bovine capsular nerves resulted in contraction 
of these SMCs (Lobov & Pan’Kova, 2013) and hence contraction of 
the lymph node as a whole. Although the contribution of capsular 
and trabecular nerves to lymph node immune function remains to be 

resolved, one could assume that lymph node contraction affects, for 
example, lymph node lymph and blood flow, immune cell migration, 
and immune cell egression as described above.

A substantial amount of discrete sympathetic nerves was ob-
served to reside in the connective tissue of the hilum. Interestingly, 
as shown by the presence of varicosities, these nerves are not en 
route to other structures, but most likely innervate the hilar con-
nective tissue. Although the hilar connective tissue of normal lymph 
nodes does not contain nerves or cells that require neural regula-
tion, it is known that superficial lymph nodes, and especially ingui-
nal lymph nodes, can display SMCs as a result of local inflammation 
(Channer & Davies, 1985). If the observed discrete sympathetic 
nerves innervate hilar SMCs, their activation might result in hilar 
contraction, which in turn could affect hilar lymph and blood flow 
and hence lymph node function.

Sympathetic paravascular nerves were observed in all subjects 
of the current study. Although, these plexuses do not directly influ-
ence lymph node immune function, they regulate blood and lymph 
flow, and hence play an important role in regulating the entrance 

F I G U R E  2  Magnified images of sympathetic innervation of lymph node # 13. Bright field images represent TH/CD3/vWF triple stained 
slides showing sympathetic nerves (in relation with), T cells and blood vessels, respectively. Synaptophysin stained slides show the presence 
of varicosities. (a): Overview image of lymph node #13. Black circled structures represent locations with sympathetic nerves. Red boxed 
areas are shown in more detail in figures B- G. (b): Large sympathetic nerve bundle running with a lymph node artery towards the hilum. (c- g): 
Nerves can be observed as paravascular or as discrete entities of which some are in close proximity with T cells. (c): Cortex, (d): Capsule, (e): 
Medulla, (f): Cortex, (g): Hilum

(a) (b)

(d)

(f) (f′′)

(f′)

(d′′)

(d′)

(c)

(e)

(g)

(g′)

(g′′)

(e′)

(e′′)

(c′′)

(c′)
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of antigen presenting cells via the lymph, the influx of immune cells 
from the blood and the migration of immune cells through the lymph 
node, all processes that should be optimal in order to conjoin the 
right cells for a properly aligned immune response (reviewed by Zhao 
et al., 2015).

Data from the current and previous studies (Fink & Weihe, 1988; 
Panucio et al., 1998) show that human lymph nodes do not contain 
a sympathetic subcapsular nerve plexus, a structure previously re-
ported in mice (Felten et al., 1984). In mice the subcapsular plexus 
represents a prominent structure and varicosities have been ob-
served in the cortical region just beneath this plexus. Although the 
function of this subcapsular plexus is unknown, this neural structure 
might be involved in species- specific lymph node immune regulatory 
processes and should be taken into consideration when extrapolat-
ing animal data to humans.

Although in the current study sympathetic lymph node inner-
vation was semi quantitatively analyzed at one specific level of the 
lymph nodes only (middle portion), the observations were consid-
ered to be representative for the whole lymph node since sections 
from another level of the same lymph nodes which were used in a 
preceding pilot study showed comparable sympathetic innervation 
patterns. This assumption was further supported by the fact that 
multiple lymph nodes of the same individual showed comparable 
numbers of nerves.

The variations of lymph node sympathetic nerve distribution 
between individuals as observed in the current study might be ex-
plained by the use of cadavers of different ages and with different 
clinical and social backgrounds, all known to alter sympathetic inner-
vation patterns in secondary lymphoid organs (Bellinger et al., 1992; 
Sloan et al., 2007; Hoover et al., 2017). However, this study indisput-
ably shows human lymph nodes to be sympathetically innervated 
and that based on its close relation with T cells and various other 
lymph node structures, it could play an essential role in regulation of 
the lymph node immune response.

5  |  CONCLUSION

Human lymph nodes contain sympathetic nerves in their capsule, 
trabeculae, cortex, medulla and hilum, both as paravascular or as 
discrete structures. Discrete nerves were observed in relation to T 
cells and non- T cell- rich areas such as the hilar and capsular con-
nective tissue. The presence of discrete structures suggests neural 
regulation of structures other than blood vessels, and was confirmed 
by the presence of varicosities in a portion of these nerves. These 
observations are of relevance in further understanding neural regu-
lation of lymph node immune responses and in the development of 
neuromodulatory immune therapies.
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