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Neuroendocrine apendicopathy in morphologically normal appendices of 
patients with diagnosis of acute appendicitis: Diagnostic study 
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A B S T R A C T   

Background: About 15%–25% of appendices removed to treat acute appendicitis present normal macro- and 
macroscopic morphology. The objective of this study was to verify an association of proinflammatory, neuro
endocrine and immune mediators with morphologically normal appendices removed from patients with clinical 
laboratorial and imaging characteristics of acute appendicitis. 
Materials and methods: Appendices removed from 121 adult patients of both genders were distributed into three 
groups according to their following characteristics: group 1: 53 macro- and microscopically normal appendices 
from patients with clinical, laboratorial and imaging diagnosis of acute appendicitis; group 2: 24 inflamed 
appendices from patients with clinical, laboratorial, imaging and histopathological diagnosis of acute appendi
citis; group 3: 44 normal appendices from patients submitted to right colectomy to treat localized ascending 
colon adenocarcinoma. All appendices were immunohistochemically studied for gastrin inhibitor peptide, mast 
cell tryptase, vascular endothelial growth factor; intestinal vasoactive peptide, tumor necrosis factor alpha, 
interleukin 1, prostaglandin E2, gene-protein product 9.5, CD8 T lymphocytes, synaptophysine, enolase, and 
S100 protein. 
Results: The group 1 revealed increased levels of synaptophysine, enolase, mast cell tryptase and PGP-9.5 
comparing with the other two groups. The group 2 presented increased levels of interleukin 1, CD8 T lympho
cytes and prostaglandin E2 comparing with the other two groups. The group 3 confirmed the normal levels of all 
these neuroendocrine, immune and proinflammatory mediators. 
Conclusions: Morphologically normal appendices removed from patients with clinical and complementary exams 
indicating acute appendicitis have appendicular neuroimmunoendocrine disorder associated with the mediators 
synaptophysin, enolase, mast cell-related tryptase and gene-protein product 9.5.   

1. Introduction 

Despite being the main cause of acute surgical abdomen, appendi
citis has not been studied in the correct proportion of its relevance. The 
phylogenetic origin of the appendix, its functions and the pathophysi
ology of its diseases remain unknown [1,2]. The lack of understanding of 
the etiopathogenesis of most appendicular diseases makes appendec
tomy the standard treatment [3,4]. About 15% to 25% of the appendices 
removed to treat acute appendicitis diagnosed by clinical data, labora
tory and imaging tests show no inflammatory signs and their macro- and 

microscopic appearance is normal [1,5–7]. Even so, immediately after 
appendectomy, all symptoms, signs and disorders in the complementary 
exams disappear permanently [1,8–10]. This situation raises doubts as 
to whether the removed appendix was really normal, as indicated by the 
histological study. 

The etiopathogenesis of acute appendicitis is attributed to intra
luminal obstructive factors, which result in distension of the organ and 
impaired blood circulation, resulting in the invasion of its wall by mi
croorganisms [11,12]. However, this widely accepted theory has not 
clinically or experimentally been proved [7,13]. New evidences have 
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shown caecal distention with fecal retention in a local ileum probably 
due to inflammatory and neuroendocrine effect [14–16]. 

Maresch and Masson (1921) called the inflamed appendiceal disease 
neurogenic appendicitis, because these authors considered the appen
diceal histological aspect similar to that of inflamed neuromas [17,18]. 
Hofler et al. (1980) found in the inflamed appendices an increase in the 
number of neurofibers and proposed to change the term appendicitis by 
neurogenic appendicopathy [19]. On the other hand, Guller et al. (2001) 
considered neurogenic appendicopathy and acute appendicitis different 
diseases with a similar clinical picture [20]. More recently, neuroen
docrine changes have been found in apparently normal appendices 
removed from patients with diagnosis of acute appendicitis [1,21–25]. 

The purpose of this study was to verify there is an association of 
proinflammatory, neuroendocrine and immune mediators with 
morphologically normal appendices removed from patients with clinical 
laboratorial and imaging characteristics of acute appendicitis. 

2. Materials and methods 

This work has been reported in line with the STARD (Standards for 
the Reporting of Diagnostic Accuracy Studies) criteria and it is part of a 
line of research on acute appendicitis approved by the Ethics Committee 
of the … … … ……, under protocol number 0429/06. [… … … …. ] 

Appendices removed from 121 adult patients of both genders, were 
distributed into the following three groups according to their charac
teristics: group 1: 53 macro- and microscopically normal appendices 
from patients with clinical, laboratorial and imaging diagnosis of acute 
appendicitis, without any other disease; group 2: 24 inflamed appen
dices from patients with clinical, laboratorial, imaging and histopatho
logical diagnosis of acute appendicitis, without any other disease; group 
3: 44 normal appendices from patients submitted to right colectomy to 
treat localized ascending colon adenocarcinoma, without any other 
disease. 

All patients in groups 1 and 2 were diagnosed with acute appendicitis 
based on the clinical picture of pain in the right flank, loss of appetite 
and nausea. Laboratory tests revealed leukocytosis with a predominance 
of polymorphonuclear cells. Acute appendicitis was confirmed by 
characteristic radiological, ultrasound and tomographic immages, 
including fecal loading in a distended cecum, appendiceal thickening 
and periapendicular fluid [3,24,26]. The appendices of group 3, 
considered as control, were all morphologically normal and no patient 
presented any complaint related to the appendix. The ascending colon 
tumor was located more than 10 cm far from the cecum in all cases. 

The appendices of the three groups were processed by routine 
pathological examination with hematoxylin and eosin staining and 
analyzed under an optical microscope by two different pathologists 
without one knowing the other’s report, nor the clinical history of the 
patients. 

The immunohistochemical analysis was performed in 4 μm histo
logical sections from the appendices included in paraffin, using the 
polymer method, with 3′,3′diamonobenzidine staining and polymer 
detection system HI DEF Detection, HRP Polymer System, Cell Marque 
brand. Table 1 shows the mediators that were studied in this work. 

The appendiceal sections included in paraffin were deparaffinized, 
fixed on glass slides and then diafinized by the method of inclusion, 
followed by xylol and alcohol battery, in the pathological routine. Then, 
the slides were dished in a buffer preheated to 95 ◦C to pH 6 or pH 9, 
according to the specification of each primary antibody for 1 h. Then, 
the reservoir containing the slides within the antigenic reactivation 
buffer were naturally cooled and dipped in TBST buffer at a pH 7.5 to 7.6 
for 5 min. The slides were dried around the cuts to block endogenous 
peroxidase and immersed in a 3% hydrogen peroxide solution, then 
washed with TBST buffer for 5 min. 

Each primary antibody was diluted according to its specifications 
and 100 μL were pipetted into each slide, which were incubated in a 
humid chamber for 60 min. The slides were washed with TBST buffer at 

a pH of 7.5–7.6, and 100 μL of the amplifying solution (DAKO Linker) 
was added over each slide to bind to several chains of secondary anti
bodies joined to the dextran polymer. By joining a primary antibody to 
several secondary antibodies, the chance of marker detection was 
increased. 100 μL of the detector solution (DAKO) formed by secondary 
antibodies joined by dextran polymer were pipetted. Secondary anti
bodies linked to dextran polymers promoted further unions with the 
3′3′diaminobenzidine solution (Liquid DAB, Dako, USA. 100 μL of the 
3′3′diaminobenzidine solution (Liquid DAB, Dako, USA). Appendiceal 
sections were counterstained with Harris’ hematoxylin for 2 s and all 
slides were prepared using controls with other tissues known to be 
positive or negative for each marker, to avoid false positive or false 
negative results. 

The slides submitted to immunohistochemical analysis were studied 
by a single pathologist without any knowledge about the group to which 
the appendiceal slide belong or any data related to patients. The 
immunomarked slide was observed in an optical microscope with a 
400X definition. Each layer of the appendiceal wall (mucosa, submu
cosa, submucosa nerve plexus, muscle layer, myenteric nerve plexus and 
serosa) were studied in separate. The mediators’ antibodies expressions 
were characterized as follows:  

- 0: immunostaining absent,  
- 1: immunostaining present 

The immunohistochemical staining percentages of all antibodies in 
the three groups were compared in each appendiceal layer as well as in 
the submucosal and myenteric nerve plexi separately. These studies 
were performed on percentages due to the discrepancy of the absolute 
values among the three groups. The results were compared using the chi- 
square test with Pearson’s correction factor and Fisher’s exact test, to 
determine the association of the immunostaining antibodies character
istics in the different constituents of the appendiceal wall in each group. 
The results were considered significant for a probability of significance 
greater than 95% (p < 0.05). 

3. Results 

There was no difference between the clinical and complementary 
diagnosis exams of groups 1 and 2. No difference was found in each 
group and among the three groups related to age and gender. On the first 
day after appendectomy, all clinical, laboratory, including leukocytosis, 
and imaging findings of all patients in groups 1 and 2 disappeared, and 
no longer occurred in the late postoperative follow-up. 

There was no difference between the three groups in terms of gender 
distribution and the medians of age were group 1–22 (5–57) years; 
group 2–23 (10–45) years and group 3–64 (39–88) years, for being 

Table 1 
- Antibodies used, characterized by clone, laboratory, dilution and pH.GIP: 
gastrin inhibitor peptide; Tryptase: mast cell-related tryptase; VEGFA: vascular 
endothelial growth factor; VIP: intestinal vasoactive peptide; TNFα: tumor ne
crosis factor alpha; IL-1: interleukin 1; PGE-2: prostaglandin E 2; PGP 9.5: gene- 
protein product 9.5; CD8: CD8 T lymphocytes.  

Antibody Clone Laboratory Dilution pH 

GIP 4 Enzo 1:75 6 
Tryptase AA1 DAKO 1:200 6 
VEGFA Policlonal ABCAM 1:200 9 
VIP Policlonal ABCAM 1:50 9 
TNFα 2C8 FITZGERALD 1:100 6 
Enolase BBS/NC/VI-H14 DAKO No dilution 9 
IL-1 Policlonal ABCAM 1:800 6 
PGE-2 Policlonal BIOSS 1:200 9 
PGP 9.5 3D9 FITZGERALD 1:500 6 
CD8 C8/144B DAKO No dilution 9 
S-100 protein 4C4.9 DAKO No dilution 9 
Synaptophysin DAK-SYNAP DAKO No dilution 6  
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patients with cancer of the right colon. 
When comparing the antibodies expressions in the appendiceal 

mucosa of the groups 1 and 2, there was greater expression for PGE2 and 
tryptase than in the normal mucosa of group 3. The expression of PGP- 
9.5 was much higher in Group 1 than in the other two groups, which 
practically did not express this protein (Table 2, Fig. 1D). 

Regarding the percentage of immunohistochemical staining of all 
antibodies in the submucosa, PGE2 had greater expression in the group 2 
than in the other two groups, which did not differentiate each other. The 
expression of tryptase was higher in group 1. The positivity of the VIP 
was greater in the appendices known to be normal than in the other two 
groups, which did not differ from each other (Table 3). 

In the submucosal nerve plexus, CD8 had greater expression in the 
normal appendices (group 3) known than in those with an clinical 
appendicitis (groups 1 and 2). PGP-9.5 was more immunostained in 
group 1 than in the other two groups, which did not differ from each 
other (Table 4, Fig. 1D). 

Synaptophysin, enolase, PGP-9.5 protein and mast cell-related 
tryptase presented greater expression in group 1 than in the other two 
groups (Fig. 1). VEGF was more expressed in the groups 1 and 2 than in 
group 3. VIP was more immunostained in group 3. CD8 was more 
expressed in groups 2 and 3 than in group 1 (Table 5). 

The IL1, PGP 9.5 and PGE2 expressions were greater in the myenteric 
nerve plexus of group 2 than in groups 1 and 3, which did not differ each 
other (Table 6, Fig. 1D). 

Both TNFα and CD8 were more immunostained in the appendiceal 
serosa of group 2 than in groups 1 and 3, which did not differ each other 
(Table 7). 

4. Discussion 

This study was retrospectively performed because only after the 

surgical procedure and histological exams, the characteristics of the 
appendices of the three groups could be confirmed. The limited number 
of patients was due to the selection of patients, who had no other disease 
except the appendicopathy (groups 1 and 2) or right colon cancer (group 
3). 

The clinical picture and all the complementary exams performed in 
patients in group 1 indicated appendiceal disease, however the patho
logical analysis did not find any disorder in their wall. Although no local 
inflammation was found, the appendices were removed and all clinical 
and complementary manifestations disappeared immediately after the 
surgical procedure. Therefore, it is worth to assume that there was a non- 
inflammatory appendiceal disease, which was treated by appendec
tomy. This research verified the possibility that the disorder may be 
related to the neuroimmunoendocrine mediators located in the appen
dix [27–27]. 

TNFα is an immunoinflammatory mediator that acts on the influx of 
leukocytes, promoting their adhesion to the endothelium and migration 
through the vessels [28], and its secretion is stimulated by microbial 
products, immune complexes, foreign bodies, trauma and inflammatory 
stimuli resulting from endothelial injury, with leukocyte activation and 
systemic response of the acute phase [29,30]. In this study, TNFα 
showed greater expressions in appendices known to be inflamed, in the 
serous layer and in the mucous layer of histologically normal appendices 
of group 1. Therefore, there is an immunoinflammatory reaction in the 
appendiceal mucosa even in the absence of an acute inflammatory 
manifestation. The increased TNFα expression is associated with fever 
and loss of appetite, which are also found in acute appendicitis [26]. 

Il-1 is an immunoinflammatory mediator that acts on the recruit
ment, adhesion and migration of leukocytes in blood vessels, being 
produced by endothelial cells stimulated by the systemic response of the 
acute phase, but not in the appendices without inflammation (groups 1 
and 3). Nemeth et al. (2001) and Wang et al. (1999) observed increased 
expression of Il-1 only in the mucosa and lamina propria in presence of 
acute appendicitis, indicating that Il-1 is related to an inflammatory 
disease [26]. 

PGE-2 is an immunoinflammatory mediator that causes vasodilation 
and increases the venous permeability of the microcirculation associated 
with edema [31]. This mediator is also related to the pathophysiology of 
pain. PGE2 acts on the posterior hypothalamus, inhibiting temperature 
control and facilitating the onset of fever. 32 This mediator was more 
expressed in the mucosa, submucosa and myenteric plexus of the 
inflamed appendices, indicating that it is a selective inflammatory 
mediator. 

T cells group 8 (CD8) are part of the immune system that act as 
cytotoxic T lymphocytes (CTL), by destroying microorganisms. 33 The 
CD8 protein is a co-receptor in the activation of T cells and its name 
derives from the recognition of the antigen receptor ligand. T-CD8 cells 
destroy cells that express antigens in the cytoplasm and produce cyto
kines [34]. CD8 was increased only in the presence of appendiceal 
inflammation. Kooij et al. (2016) described increased CD8 in presence of 
inflamed appendices after starting antibiotic therapy and the number of 
circulating lymphocytes decrease [35]. In the absence of appendiceal 
inflammation (groups 1 and 3), the CD8, did not increase, probably 
because no antigen stimulus occurred. 

VEGF is a homodimetric protein with neurovascular action as an 
angiogenic factor after hypoxia, trauma and in neoplasms, stabilizing 
the endothelium. After tissue aggression, this mediator stimulates the 
migration of endothelial cells, capillary proliferation and microcircula
tion vasodilation, increasing vascular permeability associated with 
angiogenesis and edema [36]. Its increased expression in the muscle 
layer groups 1 and 2 indicate that its manifestation is both immunoin
flammatory and neuroendocrine. 

The gastrin inhibitor polypeptide (GIP) is a neuroendocrine mediator 
secreted by K cells in the duodenum, jejunum, whose function is to in
crease the secretion of insulin and glucagon, in addition to inhibiting 
gastric hydrochloric acid excretion [37]. The expression of this mediator 

Table 2 
– Comparison between the three studied groups regarding the percentage of 
positive immunohistochemical expression of all antibodies in the appendiceal 
mucosa.   

Grupo 1 Grupo 2 Grupo 3  

Mediadores N % N % N % p 

IL-1 53 51,0 24 54,2 44 28,6 0,069 
PGE2 27 55,1 15 75,0 12 34,3 0,013* 

G1 = G2 > G3 
CD8 37 80,4 18 78,3 21 80,8 1000 
TNFα 25 55,6 5 20,8 12 42,9 0,021 

G1 > G2 
Synaptophysin 33 73,3 12 50,0 28 53,6 0,093 
Enolase 35 76,1 18 78,3 22 84,6 0,761* 
S-100 protein 34 73,9 16 66,7 22 81,5 0,481 
PGP-9.5 20 42,6 0 0,0 1 2,7 < 0,001* 

G1 > (G2 = G3) 
Tryptase 43 89,6 12 52,2 12 32,4 < 0,001 

G1 > (G2 = G3) 
VIP 38 79,2 18 81,8 20 83,3 0,942* 
GIP 35 81,4 12 60,0 23 82,1 0,149* 
VEGF 35 72,9 19 90,5 20 83,3 0,254* 

N: Total appendices; %: Percentage of positive immunohistochemical expression 
for each antibody, indicating the presence of its corresponding mediator. 
Group 1 (G1): macro- and microscopic normal appendices of patients with 
clinical and complementary diagnostic exams of acute appendicitis. 
Group 2 (G2): inflamed appendices of patients with clinical and complementary 
diagnostic exams of acute appendicitis. 
Group 3 (G3): normal appendices of patients with ascending colon adenocarci
noma submitted to right colectomy. 
GIP: gastrin inhibitor peptide; Tryptase: mast cell-related tryptase, VEGF: 
growth factor of vascular endothelium; VIP: intestinal vasoactive peptide; TNFα: 
tumor necrosis factor alpha; IL-1: interleukin 1; PGE2:prostaglandin E2; PGP 
9.5: gene-protein product 9.5; CD8: CD8 T lymphocytes. 
p: significance by Pearson’s chi-square test; *: significance by Fisher’s exact test. 
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was greater in non-inflammatory appendicopathies, reinforcing the 
theory that this is a neuroendocrine disorder [38]. 

VIP is a neuroendocrine polypeptide present in the myenteric plexus 
and brain tissue. Its multiple functions include bronchodilation and 
gastrointestinal hydroelectrolytic excretion [7,24]. Di Sebastiano et al. 
(1999) and Bouchard et al. (2001) found its increase expression in the 
mucosa, submucosa and muscle layer of appendices without inflam
mation, removed by clinical picture of appendicitis, which these authors 
called neuroimmune appendicopathy. According to them, VIP is asso
ciated with appendiceal pain [7,24]. The studies by Barroso et al. (2015) 
found an increase in VIP expression also in inflamed appendices, not 
excluding the association of this mediator with pain [6]. 

Synaptophysin is a membrane glycoprotein, with a neuroendocrine 
mediating function associated with presynaptic vesicles expressed in 
neurons and diffuse cells of the neuroendocrine system (Fig. 1A). This 
mediator acts as a marker of neuronal and neuroendocrine neoplasms 
[39,40]. In this study, there was a high expression of synaptophysin in 
the muscle layer of group 1. Xiong et al. (2000) also found great 
expression of this mediator in morphologically normal appendices of 
patients with a clinical picture of acute appendicitis, reinforcing the idea 
of the real existence of neuroendocrine appendicopathy [25]. 

Enolase is a specific neuroendocrine mediator for neurons, acting as 
an isomer of the glycolytic enzyme enolase, identified in normal and 
neoplastic neuroendocrine cells (Fig. 1C). [41] Both in this work and in 
the studies by Xiong et al. (2000), there was greater expression of 
enolase in the appendiceal wall without inflammation in patients with 
clinical manifestation of acute appendicitis [25]. 

Mast cells belong to the immune inflammatory system derived from 
bone marrow and are activated by cross-linking affinity for immuno
globulin E (IgE) and anaphylatoxin receptors (Fig. 1B). Chemokines and 
physical stimuli cause mast cells to release immune-inflammatory 

mediators, such as leukotrienes, prostaglandins and cytokines stored in 
their granules [42]. Mast cells are microanatomically and functionally 
connected with peripheral nerves, resulting in a homeostatic unit in 
intestinal and defense neuroendocrine regulation, with the release of 
mediators that cause nausea, vomiting, abdominal pain and diarrhea, 
characteristic of the acute appendicitis [43]. This study found high 
expression of mast cell-related tryptase in the mucosa, submucosa, and 
serosa layers of non-inflamed appendices removed from patients with a 
clinical picture of acute appendicitis (group1). Manga et al. (2016) and 
Bhramaramba et al. (2016) also showed an increase in mast cells and 
neuronal hypertrophy in non-inflamed appendices of patients with an 
acute appendicitis clinic [44]. This association of neuroendocrine me
diators with mediators of the systemic defense system indicate that this 
appendicopathy may actually be neuroimmunoendocrine. 

PGP-9.5 is a neuroendocrine mediator belonging to the ubiquitin 
hydrolase protein family, isolated from the brain whose antibodies are 
used as markers of neurons and neuronal and neuroendocrine differ
entiating cells (Fig. 1D). [45] In this study, there was high expression of 
PGP-9.5 in the mucosa, submucosa, muscle layer and myenteric nerve 
plexus of non-inflamed appendices taken from patients with a clinical 
picture of acute appendicitis (group 1). Since the beginning of the 20th 
century, PGP-9.5 has been associated with an increase in the density of 
nerve fibers in neurogenic appendicopathy without signs of acute 
inflammation (Fig. 1D). [1,7,17–20,23-26.46,47]. 

The S-100 protein is a neuronal mediator characterized as a calcium- 
binding protein and expressed by neurons associated with pain [48]. In 
this study, there was almost a greater expression of this protein in the 
serosa of inflamed appendices. Partecke et al. (2013), Manga et al. 
(2016) and Ruiz et al. (2017) found an increase in S-100 in nerve fibers 
from morphologically normal appendices [18,44,46,47]. 

Immunoinflammatory markers (Il-1, PGE2, TNFα, CD8) had greater 

Fig. 1. Microphotograph images showing positive mediators immunostaining (arrows) in the appendiceal wall (400 X):A - Synaptophysin in the submucosa nerve 
plexus and submucosa (SubM).B - Mast cell tryptase in the mucosa lamina propria (MucLP) (*).C - Enolase in myenteric nerve plexus, outer (OML) and inner (IML) 
muscle layer.D - PGP9.5 in the in myenteric nerve plexus. 
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expression only in the inflamed appendices. All neuroimmunoendocrine 
mediators (synaptophysine, enolase, mast cell tryptase, PGP-9.5 and 
protein S100) had greater expression only in group 1 of morphologically 
normal appendices of patients with clinical manifestations of acute 
appendicitis and were probably responsible for nausea, vomiting, 
abdominal pain and diarrhea (Fig. 1). [66,70] Fever can be mediated by 
TNFα and Il-1 and pain by tryptase and PGE2. 26,32 Cecum stool stasis 
due to local adynamic ileus is another neuroimmunoendocrine mani
festation that reinforces this appendicopathy [3,14,16,49,50]. 

The increased expressions of neuroendocrine and immune mediators 
indicate that appendicopathy currently called neurocrine, neuroendo
crine and neruoimmunoendocrine is real. This disease occurs at an age 
and sex similar to that of acute appendicitis and manifests itself with 
clinical and complementary diagnosis exams similar to that of the 
inflamed appendix. However, its etiology, its activating factors and its 
pathophysiology are still unknown. Until the natural evolution of this 
disease will be known, appendectomy remains the standard treatment. 
Neuroimmunoendocrine appendicopathy is not an inflammatory disease 
and apparently is not related to infection, therefore the conservative 
treatment with antibiotics, proposed for acute appendicitis, has no sci
entific basis to be indicated. 

According to our previous literature review of all articles related to 
non appendicopathies with symptoms of acute appendicitis, this is the 
largest study of mediators present in normal appendices, acute appen
dicitis and neuroimmunoendocrine appendicopathies [1]. This study 
demonstrated the mediators directly associated with inflamed and those 
with non-inflamed appendicopathies. This is in fact a novelty and show a 
new knowledge not previously published, which may be an advance in 
appendicitis research front, modifying the concept of normal appendices 
of patients with clinical and complementary exams indicating acute 

TABLE 3 
– Comparison between the three studied groups regarding the percentage of 
positive immunohistochemical expression of all antibodies in the appendiceal 
submucosa.   

Grupo 1 Grupo 2 Grupo 3  

Mediadores N % N % N % p 

IL-1 53 4,1 24 16,7 44 5,7 0,168* 
PGE2 5 10,2 8 40,0 8 22,9 0,020* 

G2 > (G1 = G3) 
CD8 35 76,1 18 78,3 18 69,2 0,736 
TNFα 13 28,9 3 12,5 4 14,3 0,200* 
Synaptophysin 10 22,2 4 16,7 6 21,4 0,899* 
Enolase 26 56,5 13 56,5 13 50,0 0,850 
S-100 protein 33 71,7 12 50,0 15 55,6 0,150 
PGP-9.5 2 4,3 0 0,0 0 0,0 0,693* 
Tryptase 42 87,5 12 52,2 8 21,6 < 0,001 

G1 > G2 > G3 
VIP 0 0,0 0 0,0 7 29,2 < 0,001* 

G3 > (G1 = G2) 
GIP 27 62,8 11 55,0 10 35,7 0,080 
VEGF 3 6,3 3 14,3 2 8,3 0,554* 

N: Total appendices; %: Percentage of positive immunohistochemical expression 
for each antibody, indicating the presence of its corresponding mediator. 
Group 1 (G1): macro- and microscopic normal appendices of patients with 
clinical and complementary diagnostic exams of acute appendicitis. 
Group 2 (G2): inflamed appendices of patients with clinical and complementary 
diagnostic exams of acute appendicitis. 
Group 3 (G3): normal appendices of patients with ascending colon adenocarci
noma submitted to right colectomy. 
GIP: gastrin inhibitor peptide; Tryptase: mast cell-related tryptase, VEGF: 
growth factor of vascular endothelium; VIP: intestinal vasoactive peptide; TNFα: 
tumor necrosis factor alpha; IL-1: interleukin 1; PGE2:prostaglandin E2; PGP 
9.5: gene-protein product 9.5; CD8: CD8 T lymphocytes. 
p: significance by Pearson’s chi-square test; *: significance by Fisher’s exact test. 

TABLE 4 
– Comparison between the three studied groups regarding the percentage of 
positive immunohistochemical expression of all antibodies in the appendiceal 
submucosa nerve plexus.   

Grupo 1 Grupo 2 Grupo 3  

Mediadores N % N % N % p 

IL-1 53 0,0 24 0,0 44 0,0 – 
PGE2 4 8,2 2 10,0 8 22,9 0,165* 
CD8 0 0,0 1 4,3 4 15,4 0,012* 

G3 > G1 
TNFα – – – – – – – 
Synaptophysin 12 26,7 4 16,7 12 42,9 0,105 
Enolase 27 57,7 16 69,6 18 69,2 0,554 
S-100 protein 34 73,9 12 50,0 21 77,8 0,062 
PGP-9.5 33 70,2 3 13,0 3 8,1 < 0,001* 

G1 > (G2 = G3) 
Tryptase 1 2,1 0 0,0 1 2,7 1000* 
VIP 33 68,8 18 81,8 13 54,2 0,131 
GIP – – – – – – – 
VEGF 30 62,5 18 85,7 13 54,2 0,069 

N: Total appendices; %: Percentage of positive immunohistochemical expression 
for each antibody, indicating the presence of its corresponding mediator. 
Group 1 (G1): macro- and microscopic normal appendices of patients with 
clinical and complementary diagnostic exams of acute appendicitis. 
Group 2 (G2): inflamed appendices of patients with clinical and complementary 
diagnostic exams of acute appendicitis. 
Group 3 (G3): normal appendices of patients with ascending colon adenocarci
noma submitted to right colectomy. 
GIP: gastrin inhibitor peptide; Tryptase: mast cell-related tryptase, VEGF: 
growth factor of.vascular endothelium; VIP: intestinal vasoactive peptide; TNFα: 
tumor necrosis factor alpha; IL-1: interleukin 1; PGE2:prostaglandin E2; PGP 
9.5: gene-protein product 9.5; CD8: CD8 T lymphocytes. 
p: significance by Pearson’s chi-square test; *: significance by Fisher’s exact test. 

TABLE 5 
– Comparison between the three studied groups regarding the percentage of 
positive immunohistochemical expression of all antibodies in the appendiceal 
muscle layer.   

Grupo 1 Grupo 2 Grupo 3  

Mediadores N % N % N % p 

IL-1 53 6,1 24 12,5 44 2,9 0,319* 
PGE2 4 8,2 3 15,0 5 14,3 0,559* 
CD8 4 8,7 9 39,1 7 26,9 0,008* - (G2 = G3) 

> G1 
TNFα – – – – – – – 
Synaptophysin 22 48,9 4 16,7 6 21,4 0,008 - G1 > (G2 =

G3) 
Enolase 30 65,2 3 13,0 16 61,5 < 0,001 - (G1 = G3) 

> G2 
S-100 protein 32 69,6 13 54,2 13 48,1 0,160 
PGP-9.5 18 38,3 1 4,3 2 5,4 < 0,001* - G1 > (G2 

= G3) 
Tryptase 37 77,1 12 52,2 3 8,1 < 0,001 - G1 > G2 >

G3 
VIP 3 6,3 0 0,0 9 37,5 < 0,001* - G3 > (G1 

= G2) 
GIP 3 7,0 2 10,0 4 14,3 0,601* 
VEGF 5 10,4 2 9,5 8 33,3 0,046* - (G1 = G2) 

> G3 

N: Total appendices; %: Percentage of positive immunohistochemical expression 
for each antibody, indicating the presence of its corresponding mediator. 
Group 1 (G1): macro- and microscopic normal appendices of patients with 
clinical and complementary diagnostic exams of acute appendicitis. 
Group 2 (G2): inflamed appendices of patients with clinical and complementary 
diagnostic exams of acute appendicitis. 
Group 3 (G3): normal appendices of patients with ascending colon adenocarci
noma submitted to right colectomy. 
GIP: gastrin inhibitor peptide; Tryptase: mast cell-related tryptase, VEGF: 
growth factor of vascular endothelium; VIP: intestinal vasoactive peptide; TNFα: 
tumor necrosis factor alpha; IL-1: interleukin 1; PGE2:prostaglandin E2; PGP 
9.5: gene-protein product 9.5; CD8: CD8 T lymphocytes. 
p: significance by Pearson’s chi-square test; *: significance by Fisher’s exact test. 
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appendicitis. 

5. Cconclusion 

Morphologically normal appendices removed from patients with 
clinical and complementary exams indicating acute appendicitis have 
appendiceal neuroimmunoendocrine disorder associated with the me
diators synaptophysin, enolase, mast cell-related tryptase and gene- 
protein product 9.5. 
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[17] C. Franke, C.D. Gerharz, H. Böhner, C. Ohmann, G. Heydrich, H.J. Kramling, 
W. Stock, D. Rosen, D.K. Kurpreugsch, H. Roher, Neurogenic appendicopathy, Int. 
J. Colorectal Dis. 17 (2002) 185–191, https://doi.org/10.1007/s00384-001-0363- 
6. 

[18] R. Ibrahim, P. Veeralakshmanan, J. Ackah, P. Panahi, Can acute appendicitis 
manifest with normal inflammatory markers? Ann Med Surg 58 (2020) 147–150, 
https://doi.org/10.1016/j.amsu.2020.09.003. 

[19] H. Hofler, Neurogene appendicopathie, Langenbecks Arch. Chir. 351 (1980) 
171–178. 

[20] U. Guller, D. Oertli, L. Terracciano, F. Harder, Neurogenic appendicopathy, Chirurg 
72 (2001) 684–689, https://doi.org/10.1007/s001040170124. 

[21] S. Joseph, Y.Z. Wang, J.P. Boudreaux, L.B. Anthony, R. Campeau, D. Raines, 
T. O’Dorisio, V.L. Go, A.I. Vinik, J. Cundiff, E.A. Woltering, Neuroendocrine 
tumors, Endocrinol Metab. Clin. N. Am. 40 (2011) 205–231, https://doi.org/ 
10.1016/j.ecl.2010.08.004. 

[22] M. Vasei, Z. Zakeri, N. Azarpira, S.V. Hosseini, M. Solaymani-Dodaran, Serotonin 
content of normal and inflamed appendix, APMIS 116 (2008) 947–952, https:// 
doi.org/10.1111/j.1600-0463.2008.00916.x. 

[23] S.B. Sesia, J. Mayr, E. Bruder, F.M. Haecker, Neurogenic appendicopathy, Eur. J. 
Pediatr. Surg. 23 (2013) 238–242, https://doi.org/10.1055/s-0032-1333119. 

[24] S. Bouchard, P. Russo, A.P. Radu, N.S. Adzick, Expression of neuropeptides in 
normal and abnormal appendices, J. Pediatr. Surg. 36 (2001) 1222–1226, https:// 
doi.org/10.1053/jpsu.2001.25767. 

[25] S. Xiong, P. Puri, L. Nemeth, D.S. O’Briain, D.J. Reen, Neuronal hypertrophy in 
acute appendicitis, Arch. Pathol. Lab Med. 124 (2000) 1429–1433. 

[26] L. Nemeth, D.J. Reen, D.S. O’Briain, M. McDermott, P. Puri, Evidence of an 
inflammatory pathologic condition in normal appendices following emergency 
appendectomy, Arch. Pathol. Lab Med. 125 (2001) 759–764, https://doi.org/ 
10.1043/0003-9985(2001)125<0759:EOAIPC>2.0.CO;2. 

[27] S. Akbulut, M. Tas, N. Sogutcu, Z. Arikanoglu, M. Basbug, A. Ulku, H. Semur, 
Y. Yagmur, Unusual histopathological findings in appendectomy specimens, World 
J. Gastroenterol. 17 (2011) 1961–1970, https://doi.org/10.3748/wjg.v17. 
i15.1961. 

[28] U. Andersson, K.J. Tracey, Nerve reflexes in inflamamtion and immunity, J. Exp. 
Med. 209 (2012) 1057–1068, https://doi.org/10.1084/jem.20120571. 

[29] C. Gabay, C. Lamacchia, G. Palmer, Il-1 pathways in inflammation and human 
deseases, Nat. Rev. Rheumatol. 6 (2010) 232–241, https://doi.org/10.1038/ 
nrrheum.2010.4. 

[30] E.C. Keystone, C.F. Ware, Tumor necrosis factor and anti-tumor necrosis factor 
therapies, J. Rheumatol. Suppl. 37 (85) (2010) 27–29, https://doi.org/10.3899/ 
jrheum.091463. 

[31] A. Zlotnik, O. Yoshie, The chemokine superfamily revised, Immunity 36 (2012) 
705–716, https://doi.org/10.1016/j.immuni.2012.05.008. 

[32] S.P. Khanapure, D.S. Garvey, D.R. Janero, L.G. Letts, Eicosanoids in inflammation, 
Curr. Top. Med. Chem. 7 (2007) 311–340, https://doi.org/10.2174/ 
156802607779941314. 

[33] N. Ohkura, Y. Nitagawa, S. Sakaguchi, Development and maintenance of 
regulatory T cells, Immunity 38 (2013) 414–423, https://doi.org/10.1016/j. 
immuni.2013.03.002. 

[34] J.E. Craft, Follicular helper T cells in immunity and systemic autoimmunity, Nat. 
Rev. Rheumatol. 8 (2012) 337–347, https://doi.org/10.1038/nrrheum.2012.58. 

[35] I.A. Kooij, S. Sahami, S.L. Meijer, C.J. Buskens, A.A. Velde, The immunology of the 
vermiform appendix, Clin. Exp. Immunol. 186 (2016) 1–9, https://doi.org/ 
10.1111/cei.12821. 

[36] D. Vestweber, Relevance of endothelial junctions in leukocyte extravasation and 
vascular permeability, Ann. N. Y. Acad. Sci. 1257 (2012) 184–192, https://doi. 
org/10.1111/j.1749-6632.2012.06558.x. 

[37] Y. Seino, M. Fukushima, D. Yabe, GIP and GLP-1, the two incretin hormones, 
J. Diabetes Investig. 1 (2010) 8–23, https://doi.org/10.1111/j.2040- 
1124.2010.00022.x. 

[38] L. Ekman, S. Thrainsdottir, E. Englund, N. Thomsen, I. Rosén, D.B. Hazer-Rosberg, 
J. Petersson, K.F. Dahlin, L.B. Eriksson, Evaluation of small nerve fiber dysfunction 
in type 2 diabetes, Acta Neurol. Scand. 141 (2020) 38–48, https://doi.org/ 
10.1111/ane.13171. 

[39] B. Wiedenmann, W.B. Huttner, Synaptophysin and chromografins/secretogranins, 
Virchows Arch. B Cell Pathol. Incl. Mol. Pathol. 58 (1989) 95–121, https://doi.org/ 
10.1007/BF02890062. 

[40] V.E. Gould, B. Wiedenmann, I. Lee, Synaptophysin expression in neuroendocrine 
neoplasms as determined by immunocytochemistry, Am. J. Pathol. 126 (1987) 
243–257. 

[41] Y. Wang, S. Xu, S. Pan, H. Ouyang, Z. Zang, J. Tan, Association of serum neuron- 
specific enolase and bilirubin levels with cerebral dysfunction and prognosis in 
large-artery atherosclerotic strokes, J. Cell. Biochem. 119 (2018) 9685–9693, 
https://doi.org/10.1002/jcb.27281. 

[42] M.F. Gurish, K.F. Austen, Developmental origin and functional specialization of 
mast cells subsets, Immunity 37 (2012) 25–33, https://doi.org/10.1016/j. 
immuni.2012.07.003. 

A. Petroianu et al.                                                                                                                                                                                                                              

https://doi.org/10.1016/j.amsu.2020.10.044
https://doi.org/10.1016/j.amsu.2020.10.044
https://doi.org/10.1016/j.ijsu.2019.05.017
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref2
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref2
https://doi.org/10.1590/S0004-28032004000100005
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref4
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref4
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref4
https://doi.org/10.1002/ca.23474
https://doi.org/10.4172/2165-7548.1000256
https://doi.org/10.4172/2165-7548.1000256
https://doi.org/10.1016/s0140-6736(98)10463-4
https://doi.org/10.1016/s0140-6736(98)10463-4
https://doi.org/10.1177/1066896918784650
https://doi.org/10.1177/1066896918784650
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref9
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref9
https://doi.org/10.11613/BM.2018.030712
https://doi.org/10.1016/j.ijsu.2017.03.013
https://doi.org/10.1016/j.ijsu.2017.03.013
https://doi.org/10.1097/md.0000000000010381
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref13
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref13
https://doi.org/10.3748/wjg.v11.i27.4230
https://doi.org/10.3748/wjg.v11.i27.4230
https://doi.org/10.1016/j.ijsu.2020.04.041
https://doi.org/10.1016/j.ijsu.2006.01.012
https://doi.org/10.1016/j.ijsu.2006.01.012
https://doi.org/10.1007/s00384-001-0363-6
https://doi.org/10.1007/s00384-001-0363-6
https://doi.org/10.1016/j.amsu.2020.09.003
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref19
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref19
https://doi.org/10.1007/s001040170124
https://doi.org/10.1016/j.ecl.2010.08.004
https://doi.org/10.1016/j.ecl.2010.08.004
https://doi.org/10.1111/j.1600-0463.2008.00916.x
https://doi.org/10.1111/j.1600-0463.2008.00916.x
https://doi.org/10.1055/s-0032-1333119
https://doi.org/10.1053/jpsu.2001.25767
https://doi.org/10.1053/jpsu.2001.25767
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref25
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref25
https://doi.org/10.1043/0003-9985(2001)125<0759:EOAIPC>2.0.CO;2
https://doi.org/10.1043/0003-9985(2001)125<0759:EOAIPC>2.0.CO;2
https://doi.org/10.3748/wjg.v17.i15.1961
https://doi.org/10.3748/wjg.v17.i15.1961
https://doi.org/10.1084/jem.20120571
https://doi.org/10.1038/nrrheum.2010.4
https://doi.org/10.1038/nrrheum.2010.4
https://doi.org/10.3899/jrheum.091463
https://doi.org/10.3899/jrheum.091463
https://doi.org/10.1016/j.immuni.2012.05.008
https://doi.org/10.2174/156802607779941314
https://doi.org/10.2174/156802607779941314
https://doi.org/10.1016/j.immuni.2013.03.002
https://doi.org/10.1016/j.immuni.2013.03.002
https://doi.org/10.1038/nrrheum.2012.58
https://doi.org/10.1111/cei.12821
https://doi.org/10.1111/cei.12821
https://doi.org/10.1111/j.1749-6632.2012.06558.x
https://doi.org/10.1111/j.1749-6632.2012.06558.x
https://doi.org/10.1111/j.2040-1124.2010.00022.x
https://doi.org/10.1111/j.2040-1124.2010.00022.x
https://doi.org/10.1111/ane.13171
https://doi.org/10.1111/ane.13171
https://doi.org/10.1007/BF02890062
https://doi.org/10.1007/BF02890062
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref40
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref40
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref40
https://doi.org/10.1002/jcb.27281
https://doi.org/10.1016/j.immuni.2012.07.003
https://doi.org/10.1016/j.immuni.2012.07.003


Annals of Medicine and Surgery 60 (2020) 344–351

351

[43] K. Bhramaramba, S. Srujana, P.R. Devi, O.S. Kumar, Role of mast cells and 
neuronal hypertrophy in acute appendicitis, Int. Arch. Integr. Med. 3 (2016) 
94–102. 

[44] M. Manga, V.C. Pindicura, S. Pulluri, S.K. Keerthl, Study of intraoperatively and 
histologically negative cases in clinically diagnosed cases of acute appendicitis, 
J. Evid. Bases Health 3 (2016) 3025–3028, https://doi.org/10.18410/jebmh/ 
2016/658. 

[45] I.S. Kwak, Y.H. Choi, Y.C. Jang, Y.K. Lee, Immunohistochemical analysis of 
neuropeptides in hypertrophic burn scar with pain and itching, Burns 40 (2014) 
1661–1667, https://doi.org/10.1016/j.burns.2014.04.004. 

[46] J. Ruiz, A. Ríos, M.I. Oviedo, J.M. Rodríguez, P. Parrilla, Neurogenic 
appendicopathy, Rev. Esp. Enferm. Dig. 109 (2017) 180–184, https://doi.org/ 
10.17235/reed.2017.4520/2016. 

[47] L.C. Simard, On the Frequency of nervous lesions of the vermiform appendix, Can. 
Med. Assoc. J. 33 (1935) 518–521. 

[48] N.S. McNutt, The S100 family of multipurpose calcium-binding proteins, J. Cutan. 
Pathol. 25 (1998) 521–529, https://doi.org/10.1111/j.1600-0560.1998.tb01735. 
x. 

[49] H. Tatekawa, M. Tanikake, S. Yoshida, F. Sato, Y. Kurata, K. Hayakawa, K. Matsuo, 
N. Tamaki, Y. Hino, Y. Urata, Multidetector CT findings of neurogenic 
appendicopathy, Eur. J. Radiol. 77 (2011) e47–e53, https://doi.org/10.1016/j. 
ejrex.2010.12.004. 

[50] H. Chiari, Uber die neurogene appendicopathie, J. Mt. Sinai Hosp. 19 (1952) 
30–37. 

A. Petroianu et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S2049-0801(20)30399-X/sref43
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref43
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref43
https://doi.org/10.18410/jebmh/2016/658
https://doi.org/10.18410/jebmh/2016/658
https://doi.org/10.1016/j.burns.2014.04.004
https://doi.org/10.17235/reed.2017.4520/2016
https://doi.org/10.17235/reed.2017.4520/2016
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref47
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref47
https://doi.org/10.1111/j.1600-0560.1998.tb01735.x
https://doi.org/10.1111/j.1600-0560.1998.tb01735.x
https://doi.org/10.1016/j.ejrex.2010.12.004
https://doi.org/10.1016/j.ejrex.2010.12.004
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref50
http://refhub.elsevier.com/S2049-0801(20)30399-X/sref50

	Neuroendocrine apendicopathy in morphologically normal appendices of patients with diagnosis of acute appendicitis: Diagnos ...
	1 Introduction
	2 Materials and methods
	3 Results
	4 Discussion
	5 Cconclusion
	Annals of medicine and surgery author disclosure form
	Research registration unique identifying number (UIN)
	Guarantor
	Author contribution 
	Provenance and peer review
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	References


