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Tracking stem cells in the incisional hernial sac: a gaze beyond 
pure tissue repairs

Rastreando células-tronco no saco herniário incisional: um olhar para além dos 
reparos puramente teciduais

 INTRODUCTION

The hernial sac (HS) - the end-product of hernial disease 

- is a bilaminar structure consisting of connective 

tissue covered by mesothelial cells of the peritoneum. 

This histologically heterogeneous and complex membrane 

can be considered one of the repositories of adult stem 

cells in our body1. In a recent review, mesothelial cells of 

the visceral peritoneum induced the “peritonealization” 

of polypropylene meshes, increasing the formation of 

adhesions and, at the same time, decreasing the integration 

of this material to the parietal side. The authors concluded 

that an autologous approach would be preferable to an 

allogeneic implant2.

Some incidental findings in the HS, such as 

smooth muscle cells3 and heterotopic ossification4, can be 

a final stage of metaplasia from primitive cells. By a similar 

biological process, the “epithelial-to-mesenchymal” 

transition of these cells, and finally to fibroblasts, is the 

mechanism responsible for peritoneal fibrosis that occurs 

in some patients undergoing peritoneal dialysis, rendering 

this alternative route of renal clearance unfeasible5.

It seems logical to assume then that the HS, like 

other native tissues, would have large amounts of these 

less differentiated cells, originating from the peritoneal 

layer and/or the supporting stroma. Therefore, it is 

likely that this recruitment would also improve wound 

healing, triggered by the multiple fibroblastic metaplasias6 

that occurred in these cells. This should happen with 

greater intensity in incisional hernia repairs that take full 

advantage of the HS, such as the hernial sac transposition 

(HST) technique, developed in Brazil in the early 1970s 

by Lazaro da Silva7,8. Since then, good results have been 

reported with this procedure, not just by its proponent9-14.

However, how or why would this technique work so well, 

without the undeniable reinforcement of a mesh? There 

are possible anatomical, biomechanical, and biomolecular 

reasons to be raised. It is likely that those undifferentiated 

cells of the nearby tissues (including the HS itself) with 

the potential to become active fibroblasts are one of the 
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Objective: the hernial sac is typically a bilayer structure consisting of connective tissue lined underneath by peritoneum. Some incidental 

findings on it, like smooth muscle cells and heterotopic ossification, can be explained as the end-stage metaplasia from undifferentiated 

cells. This study aimed to search for mesenchymal stem cells in the incisional hernial sac by an immuno-histochemistry screening test. 

Methods: fifteen specimens of them were submitted to histochemistry analysis using CD133 monoclonal antibodies, a specific marker of 

mesenchymal stem cells. The biopsies were obtained from patients submitted to pure tissue repair for incisional hernias -  the transposition 

with the hernial sac technique (Lázaro da Silva, 1971). Results: two-thirds of the specimens expressed on average 20 (twenty) CD133+ 

cells in each one. Conclusion: despite the screening nature of this study, the hernial sac may be considered a source of stem cells. This 

could explain those abnormal findings, and perhaps the induction of new fibroblasts in procedures that use it to optimize wound healing.
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main arguments for such favorable results. One could say 

that Billroth’s dream finally materialized, not as a magical 

prosthesis, but through more intense, and therefore more 

robust healing.

This study aimed to verify the possible presence 

of adult mesenchymal stem cells in incisional HS by 

an immunohistochemical screening test. It is part of a 

randomized clinical trial (triple blinded) still in progress, 

which investigates the effectiveness of the HST technique 

(with and without reinforcement of onlay mesh), whose 

main outcome is the recurrence rate in five years.

 METHODS

The project was approved by the Ethics in 

Research Committees of the Hospital das Clinicas of 

the Federal University of Goias (HC/UFG/056/2011) 

and the Hospital Santa Casa de Misericordia de Goiania 

(HSCMG/015/2011). All patients signed an informed 

consent form before surgery, and HS biopsies were 

obtained. All procedures were performed in accordance 

with guidelines and regulations involving human beings.

We collected excess fragments from the incisional 

hernial sacs of 15 patients operated at the Hospital Santa 

Casa de Misericordia de Goiania, from January 2012 to 

June 2014. The specimens, about 2 cm2, were stretched on 

plastic plates by the connective tissue face and immersed 

in 10% buffered formaldehyde solution. After 24 hours, 

they were cut and kept in 70% alcohol until inclusion in 

paraffin. Sectioned at a thickness of 5μm and stretched 

again on silanized slides, the samples were incubated 

in a humid chamber overnight at 4°C with a primary 

monoclonal antibody specific for stem cells, obtained from 

rabbits and with human reactivity, CD133 (MyBioSource®, 

San Diego, CA, USA). After 18 hours, they were bathed in 

distilled water and subjected to further incubation with a 

secondary antibody and peroxidase, at room temperature, 

with the MACH1 polymer system (Biocare Medical®, 

England). The development of this reaction was done 

with DAB (3,3’diaminobenzidine) for 10 minutes, and 

the counter-staining, with hematoxylin for 30 seconds. 

The analysis of the immunohistochemical markings of the 

cells was carried out with an interactive image analyzer 

system, AxionVision 3.1 (Carl Zeiss®, Jena, Germany). 

The images were previously photomicrographed with 40X 

magnification under common light, and 10 different fields 

were analyzed in each slide for counting CD133+ cells and 

obtaining cell density (simple average of the number of cells 

per field). Two of the authors (RAN and LBM) performed all 

tests in duplicate, both in the histological processing steps 

(immunohistochemistry) and in the microscope analyzes.

 

 RESULTS

After immunohistochemical processing of the 

samples, two thirds expressed CD133+ cells. Figure 1 

depicts the typical appearance of these cells (stained in 

light brown color). Table 1 shows the number of cells per 

microscopic field, as well as the total and the average in 

each sample. To compensate for any bias in the calculation 

of the mean of CD133+ cells in each biopsied HS, we 

excluded null values (0 cells in cases 1, 5, 8, 11 and 15) and 

the highest ones found (58 cells in case 6). The average 

value in each sample was 20 CD133+ cells.

Figure 1. Photomicrograph of the human incisional HS marked with 
monoclonal antibody CD133 and contrasted with hematoxylin. CD133+ 
cells are stained in light brown, 400X.

 DISCUSSION

The advent of meshes came to help surgeons 

and patients to deal with more severe cases of incisional 

hernias that progress over time, and whose recurrences 

persist after several attempts of surgical repair. However, 

the use of prostheses has not reduced the number of 

such reoperations, according to a population-based 

epidemiological study involving more than 10,000 
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abdominal wall reduced recurrences (from approximately 

17% to 12% of cases), but increased serious complications 

(from 0.8% to 5%) and also the cost of materials and 

instruments (meshes, clips, staplers, etc.). Although 

recurrences stabilized at lower rates, some problems with 

the prostheses were cumulative and their severity required 

a new surgical intervention. Thus, the alleged benefits of 

“radical or permanent cure” of these hernias were offset 

by such predicaments, also implying the waste of material 

resources, energy, and time.

patients in 15 years of follow-up. Not even two major 

surgical innovations in the period reduced the incidence of 

incisional hernias: the advent of the laparoscopic approach 

in visceral surgery, which preserves the abdominal wall, 

and the routine use of meshes in hernia repair15,16.

Perhaps the largest, longest, and most complete 

study ever carried out on the treatment of incisional 

hernias was published in 2016, with 3,242 patients, 

100% of whom were followed during the five years of 

the research17. According to the authors, meshes in the 

Table 1 - Number of CD133+ cells per microscopic field in human incisional HS samples. Cases number 1, 5, 8, 11, and 15 expressed null values and 
case 6 had the highest count (58 cells).

Patients
Cells/microscopic field

Total Average

1 2 3 4 5 6 7 8 9 10

1 0 0 0 0 0 0 0 0 0 0 0 0

2 1 8 1 8 6 1 1 3 5 7 41 4.1

3 1 4 3 2 2 1 0 2 1 3 19 1.9

4 6 2 4 1 2 2 1 0 2 1 21 2.1

5 0 0 0 0 0 0 0 0 0 0 0 0

6 13 5 8 6 3 2 5 8 6 2 58 5.8

7 3 2 1 0 1 0 0 2 1 0 10 1

8 0 0 0 0 0 0 0 0 0 0 0 0

9 4 3 5 2 6 5 2 5 4 1 37 3.7

10 2 1 0 1 0 0 0 2 1 0 7 0.7

11 0 0 0 0 0 0 0 0 0 0 0 0

12 2 3 3 1 0 2 1 0 1 2 15 1.5

13 2 3 2 1 2 1 0 3 2 1 17 1.7

14 2 2 1 3 5 2 1 3 0 1 19 1.9

15 0 0 0 0 0 0 0 0 0 0 0 0

Hernial recurrence can be identified with a high 

degree of reliability by the patient18, or detected by clinical 

examination, mainly with dynamic ultrasound, considered 

the gold standard for diagnosis19. However, the number of 

reoperations due to recurrence does not necessarily reflect 

the real incidence of this complication. Only patients for 

whom relapse affects quality of life will seek medical 

attention (occurrence records). Among these, some will 

be operated on again (treatment records), a subset four 

to five times smaller than those affected, because most 

are asymptomatic or do not want to undergo another 

procedure20.

These facts suggest that herniorraphies (pure 

tissue repairs) that restore the anatomy of the abdominal 

wall will always be welcome. Hernial Sac Transposition 

is one of these. This 50-year-old procedure is based on 

wide relaxing, bilateral, and alternating incisions in the 

sheath of the rectus muscles, and on the use of the excess 

tissue represented by the longitudinally divided HS. In the 

synthesis, three layers of parallel, multiplanar suture are 

performed, involving the edges of the HS and the newly 

made relaxing incisions in aponeuroses. Thus, the ventral 

abdominal wall can be completely reconstructed, without 

excessive tension, either on the wall or in the abdominal 

cavity12,21.

Recently, HST was recovered by a group of 
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Scottish surgeons, who developed a “Peritoneal Flap 

Hernioplasty” based on the Da Silva technique. Instead 

of medializing again the rectus muscles, they placed a 

retromuscular mesh, which is also covered by HS flaps22. 

Another recent study from Romania showed very good 

results with this same technique23. Three decades ago, 

two authors drew attention to the “sandwich technique”, 

in which the mesh is wrapped by the HS to cover parietal 

defects that could not be closed24,25. Surprisingly, no one 

emphasizes that HST alone provides favorable results 

without necessarily using a mesh as reinforcement. The 

skin itself is used by plastic surgeons in musculoaponeurotic 

repairs, since the tensile strength is greater than that of 

currently available allogeneic prostheses26.

Even if the defect is properly closed and a 

new aponeurotic linea alba is created, regardless of the 

procedure, it is essential to guarantee stable long-term 

results. Although individual genetic variations occur, 

providing the largest possible number of fibroblasts to 

each patient is not only a biologically imperative, but 

also of paramount importance. Pure tissue repair is an 

unprecedented tool for the surgeon.

The HS can certainly also be a source of these 

less differentiated cells, through the peritoneal layer 

and the abundant connective tissue that supports it. 

If such cells really are multipotent stem cells, this must 

be elucidated in other studies specifically conducted to 

confirm this hypothesis, including the culture of cells in 

selective media for strains differentiation.

Considering this characteristic, the intrinsic 

thickness and corresponding tensile strength seem less 

crucial if the mesothelium is effectively converted into 

a pool of matrix-producing cells, with collagen, elastic 

fibers, and a ground substance for the complete cure of 

these conditions. In addition, the HS is a well-vascularized 

structure, which maintains the supply of oxygen, of 

various cell types and raw materials, as well as a pathway 

of eliminating carbon dioxide and other metabolic waste. 

Likewise, these blood vessels maintain its adequate 

hydration and temperature.

In this study, five of the 15 samples examined 

did not show CD133+ cells, probably due to limitations 

in harvesting, since it was not possible to remove a large 

amount of the HS or the surrounding tissues. As it is an 

essential element in repair, it must be preserved to the 

maximum.

The question of whether the HS is richer in 

CD133+ cells than other tissues cannot be confirmed 

without comparative studies. It is also necessary to show 

whether the higher density or the simple presence of these 

cells can affect the quality of the scar, the final resistance, 

and the repair’s longevity. To date, we have not found any 

reference that shows this association involving incisional 

HS. We also did not verify whether CD133 positive 

patients had less relapses than negative ones. This finding 

probably did not influence results, since all patients in our 

clinical trial were treated using the same technique, that 

is, HST.

Moreover, it is possible that these cells are 

not widely or evenly distributed in the HS, and that the 

fragments obtained have not reached places where they 

would be more concentrated. Immunohistochemical 

assays reflect the cells’ ability to express this reaction after 

binding to the antigen-antibody complex, the intensity of 

which may vary according to the metabolic state and the 

stage of the reaction during processing. This variability is 

expected in any biological assay, which does not invalidate 

the fact that most of the studied samples expressed 

positive results.

The primary outcome of this investigation would 

be to explain the possible origin of smooth muscle cells and 

osteoid matrix found in some HS, based on the epithelial-

to-mesenchymal transition mechanism. In addition, the 

promising results obtained by pure tissue repairs, such 

as HST, could also be explained by the presence of cells 

that express CD133+. These undifferentiated elements 

can become a pool of new fibroblasts induced by reverse 

metaplasia. The HS is most likely an autologous, living, 

and biologically active prosthesis. Behind this technique, 

there is the belief or conviction that there must be some 

way to improve wound healing, not just by inducing a 

chronic inflammatory state through a synthetic mesh.

Once the abdominal wall architecture has 

been restored and consolidated by the most extensive 

recruitment and with the best possible performance of 

activated fibroblasts, it will be ready to proportionally 

restore its functions. Consequently, these patients will be 

able to recover the quality of life impaired by the hernia.

Taking advantage of the patient’s own 

structures, including the HS, in the effort to reconstruct 
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the damaged abdominal wall, renews the debate about 

pure tissue repairs, perhaps now more biologically based. 

In addition, we must always be prepared to deal with 

new recurrences of the disease and to offer alternative 

strategies, such as alloplastic prosthetic repairs. From a 

realistic perspective, no surgeon will perform “the last” 

repair, but perhaps will do it “lastly”...

Although the scope of this study was only for 

screening, the HS is a presumed source of stem cells. 

Therefore, it may be useful in repairing incisional hernias, 

and not only because of its intrinsic tensile strengh. Being 

inherent in the hernia process, the HS will always be 

available, exuberant, ready to be used, and, best of all, 

at zero cost!
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