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Abstract 

Crohn’s disease (CD) is a multi-system condition with multiple cutaneous 

manifestations. Perineal wound failure is a common complication following 

surgery in CD. Despite advancements of our understanding of the underlying 

disease process in intestinal CD, our knowledge in the aetiopathogenesis of 

skin involvement is still lacking.  

 

Risk factors, which contribute to the development of an unhealed perineum 

following surgery was assessed. The rate for an unhealed perineum at 12 

months following surgery was 23%. Poorer healing took place in patients with 

pre-existing perineal sepsis, but no significant difference was found between 

patients with IBD or cancer. 

 

Subsequent studies assessed immune cell function as a potential contributor 

to wound failure in CD. Dendritic cells (DC) are specialised antigen-presenting 

cells that play a central role in intestinal CD pathogenesis. DC dictate type of 

T-cell immunity and T-cell homing profiles, however wound DC have yet to be 

characterised.  

 

DC were successfully identified from all wound tissue. Expression of skin-

homing molecule (CLA) was reduced on wound DC in CD compared with 

controls. Wound DC were found to stimulate dose-dependent allogeneic T-cell 

proliferation; both wound and blood DC from CD patients were significantly 

less stimulatory than their control DC counterparts. Furthermore, DC from CD 

patients generated T-cells with enhanced expression of CLA compared to T-

cells stimulated by control DC in wound tissue and blood. 
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Aberrant expression of skin-homing marker CLA on DC and T-cells that they 

stimulate may contribute to alterations in immune cell migration in CD. Taken 

with the restricted stimulatory capacity of DC in CD wounds, it is likely that a 

loss of DC function occurs contributing to wound failure. 

 

Histological assessment suggested an increase in plasma cells in CD wound 

tissue compared to non-CD wound tissue, further highlighting an 

immunological aetiology for the aberrant healing in CD.  

 

Finally, a randomised control study to assess quality of life benefits and 

effects on wound dimensions of regular wound digitation against current 

standard practice of community nurse-led dressings in the management of 

open perineal wounds was investigated. Wound digitation had a significant 

reduction in pain, restriction of daily activities and degree of induration, whilst 

having a comparable healing rate to regular dressings. 
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INTRODUCTION 
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1.1 Crohn’s Disease 

 

Crohn’s Disease (CD) is a chronic, relapsing and remitting inflammatory 

condition that can affect any part of the gastrointestinal tract from mouth to 

anus. The condition was first described in a case series by an American 

gastroenterologist, Dr. Burrill Crohn and termed Regional Ileitis (Crohn et al. 

1932). In the western world, the incidence of CD is 6.7 cases per 100,000 

annually with a prevalence of 140 cases per 100,000 annually (Cummings et 

al. 2008; Loftus 2004). There are currently at least 115,000 people in the UK 

with the disease, and the incidence is rising, particularly in a younger age 

group (Mayberry et al. 2013). 

 

The pathogenesis of the disease is complex and the underlying cause for the 

chronic intestinal inflammation in CD remains contested. However, studies 

have suggested that inflammation arises from abnormal immunological 

responses to bacterial flora in the intestine of individuals who are genetically 

susceptible (Shanahan 2002). A large number of genetic variants identified in 

CD are related to genes targeting microbial recognition and bacterial wall 

sensing, the most common being the NOD2/CARD15 gene (Michail et al. 

2013). Wagner et al, in a study on paedatric CD patients, reported an 

association between mutations in toll-like receptor (TLR) 4 and interleukin (IL) 

10 receptor with Mycobacterium paratuberculosis, highlighting the role of 

microbial, immunological and genetic factors in CD pathogenesis (Wagner et 

al. 2013). Although a number of infective agents have been investigated (most 

notably Mycobacterium paratuberculosis and the measles virus), the detection 
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of a specific infectious cause has not been conclusive (McGarity et al. 1984; 

Sartor 1997; Shanahan 2002). 

 

Patients with CD can present with a number of gastrointestinal symptoms, 

including diarrhoea and abdominal pain with associated systemic features 

such as weight loss and fatigue. Since the condition was first described, it has 

become gradually more apparent that CD is a multisystem disease with many 

extra-intestinal manifestations. The sites are many and include eyes, skin, 

joints, kidneys, liver and biliary tracts, and the vascular system. The 

underlying mechanism of the extra-intestinal manifestations are classified into 

two sub-groups; the first includes reactive manifestations often associated 

with intestinal inflammation and degree of intestinal disease (arthritis, 

erythema nodusum (EN), pyoderma gangrenosum (PG), irtis/uveitis); the 

second group includes a number of auto-immune conditions which are non-

specific to IBD independent of intestinal inflammation (ankylosing spondilitis, 

primary biliary cirrhosis, alopecia areata, and thyroid autoimmune disease 

(Danese et al. 2005)  

 

1.2 Cutaneous manifestations of Crohn’s Disease 

 

Cutaneous manifestations in patients with CD is relatively common with 

incidence rates varying between 18 to 44% (Greenstein et al. 1976). 

However, these figures do not take into account a further group of CD patients 

who develop cutaneous complications following surgery. Historically, skin 

manifestations have been classified into three main groups: granulomatous, 

reactive and secondary to nutritional deficiencies (Table 1.1).  This chapter 
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will discuss the common cutaneous conditions associated with CD and 

introduce the concept of cutaneous wound failure following surgery as a 

separate entity of skin manifestation in CD.   

 

1.2.1     Granulomatous Cutaneous Lesions 

 

This group encompasses cutaneous disorders that are related to the 

inflammatory processes of CD and, histologically, they resemble features 

similar to those found in the inflamed bowel in CD.  

 

1.2.1.1 Perianal and Peristomal lesions 

 

Perianal disease is a common manifestation of CD. The incidence of perianal 

disease in CD has been reported as high as 80% (Figg and Church 2009) and 

in a significant proportion, perianal disease actually precedes the onset of 

intestinal symptoms (Keighley and Allan 1986). The lesions of perianal CD 

include skin tags, fissures, ulcers, abscesses, fistulas and strictures. 

 

In the National Co-operative Crohn’s Disease Study, 205 of 569 patients 

(36%) had perianal disease. Patients were also more likely to have perianal 

involvement if they had disease confined to the colon alone (47%) or colon 

and small bowel (41%) compared to those with small bowel involvement only 

(25%) (Burgdorf 1981; Rankin et al. 1979). In another study of 202 patients 

with CD, 110 (54%) had evidence of perianal complications, and in 30% of  
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Granulomatous  Reactive skin eruptions 

Periananal Skin tag 
Aphtous ulcer 
Fissures 
Fistulas 
Polypoid lesions 
Plaques 
Anorectal stricures 
Abscesses 

Pyoderma Gangrenosum 
Erythema Nodusum 
Erythema Multiforme 
Palmar erythema 
Vitiligo 
Epidermolysis bullosa acquista 
Sweets syndrome 

Peristomal Contact dermatitis 
Ulcers Manifestations secondary to 

nutritional deficiencies 

Acrodermatitis enteropathica-
like syndrome 
Marasmic striae MCD Ulcers 

Induration 
Erythema 
Fissures 
Abscesses 
Papules 
Nodules 

Cutaneous wound failure 

 
Unhealed Perineum/ PPS 

Oral 
granulomatous 
lesions 

Ulceration 
Mucosal Inflammatory 
Hyperplasia 
Mucosal tags & fissuring 
Gingivitis 
Granulomatous inflammation of 
salivary glands 
Granulomatous chilitis 
Candidiasis 
Angular chelitis 
Lichen planus 
Perioral erythema 
Midline lip fissuring 
Cobblestone appearance of 
mucosa 

 

Table 1.1  Cutaneous manifestations of Crohn’s Disease (Gokulakrishnan et al. 2006; Lester 

and Rapini 2009; Palamaras et al. 2008; Triantafillidis et al. 2008). MCD= Metastatic Crohn’s 

Disease. PPS= Persistent Perineal Sinus 

 

these patients, anal manifestations preceded evidence of intestinal disease 

(Keighley and Allan 1986). 
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In a more recent study of 356 CD patients, 86 (24%) had perianal CD. In only 

23% of patients with perianal involvement, disease was confined to the small 

bowel; the remainder all had some degree of colonic involvement (Galandiuk 

et al. 2005).  

 

The first case of perianal fistula in a patient with regional enteritis was 

described in 1938 (Penner and Crohn 1938). The entity is now recognized as 

a common complication of CD, occurring in up to 38% of patients with CD 

(Ardizzone and Porro 2007). In a population study from Minnesota, the 

cumulative risk in CD patients for developing any fistula was 33% after 10 

years and 50% after 20 years, with at least one recurrent fistula occurring in 

34% of patients (Figg and Church 2009; Schwartz et al. 2002). The same 

group also found that the cumulative probability for any perianal lesion other 

than fistulas was 21% at 5 years and 29% at 10 years (Peyrin-Biroulet et al. 

2012).  

 

The underlying aetiology of perianal fistulas is unknown. A number of 

mechanisms have been hypothesized. Parks described the cryptoglandular 

theory with perianal fistulas as a result of an anal gland abscess in the 

intersphincteric space (Parks 1961). Another opinion is that fistulas occur 

secondary to deep penetrating ulcers in the rectum or anus. Faeces collect in 

these ulcers over a period of time and during defecation the pressure applied 

forces the faecal matter into the deep subcutaneous tissue, thereby 

elongating the ulcer and creating a fistula (Ardizzone and Porro 2007).  The 

aetiology of Crohn’s perianal fistulae is even more complex. Tozer et al 

suggested that a combination of genetic, microbiological and immunological 
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factors are likely to have important roles. IBD5 (codes for organic/cation 

transporter) and IRGM (important in the autophagy pathway) have been 

implicated in their association with perianal fistulas in CD. Furthermore, 

surgical diversion of faecal stream and the use of antibiotics has shown to 

offer some improvement in symptoms, although the evidence for the latter is 

poor. The partial efficacy of immunosuppressant agents and anti-tumour 

necrosis factor alpha (TNFa) treatments suggest that an associated 

immunological process is also taking place (Tozer et al. 2009). 

 

It is unclear why some CD patients develop perianal disease and others do 

not. It is now believed that perianal fistulating CD represents a distinct disease 

phenotype, which is separate in disease behavior from luminal fistulating 

disease and consequently requires different therapeutic strategies (Ingle and 

Loftus 2007; Tang et al. 2006). In 1998, the Vienna Classification was devised 

to categorize diverse CD phenotypes, recognizing the heterogenecity of the 

disease (Gasche et al. 2000), however it did not differentiate between perianal 

and luminal fistulae. The Montreal modification in 2005 provided a separate 

modifier for perianal disease, recognizing the importance of this phenotype of 

disease with regard to impact on disease prognosis and optimal treatment 

options (Tozer et al. 2009). 

 

Perianal disease generally denotes a more aggressive CD phenotype (Ingle 

and Loftus 2007). The presence of perianal disease at initial presentation is 

more likely to lead to a significantly more disabling disease pattern (Beaugerie 

et al. 2006), requiring a higher number of medical and surgical interventions 

(Lapidus et al. 1998), and more likely to suffer from extra-intestinal 
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manifestations (Rankin et al. 1979). 

Peristomal disease is also relatively common. Complications include irritant or 

allergic contact dermatitis and peristomal ulceration. The latter condition is 

often secondary to pressure from a poorly fitted device, enterocutaneous 

fistula, Pyoderma Gangrenosum (see section 1.2.2.1) or infected 

haematomas (Lebwohl and Lebwohl 1998). 

 

1.2.1.2 Metastatic Crohn’s disease (MCD) 

  

MCD involves the presence of non-caseating granulomatous infiltration of the 

skin at sites anatomically separates from areas of gastrointestinal CD 

(Palamaras et al. 2008).  The condition was first described by Parks in 1965 

(Parks et al. 1965),  but since then a number of other terms including 

metastatic ulceration (Mountain 1970),  cutaneous Crohn’s disease (Acker et 

al. 2000)  and non-contiguous  cutaneous Crohn’s disease (Corazza et al. 

1999; Puntis et al. 1985)  has been used to describe the syndrome.  The latter 

term has been suggested as it is unlikely that the cutaneous lesions are due 

to spread from the bowel (Palamaras et al. 2008) and the association of 

metastasis with malignancy (Farhi et al. 2007). The condition is separate from 

the far more common granulomatous dermatologic complication of CD that is 

direct extension to contiguous perianal and peristomal skin, as described 

above. 

 

The overall incidence of MCD is very low, with only small series or case 

reports reported in the literature.  The location of MCD is usually divided into 
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genital and non-genital sites.   Approximately two-thirds of paediatric patients 

and one-half of adults who presents with MCD have genital lesions (Lester 

and Rapini 2009).   Genital MCD often presents with plaques, papules, 

erythema, oedema, and ulcerations of the vulva, labia, clitoris, scrotum, penis, 

or perineum (Ilangovan and Yeo 2008; Lester and Rapini 2009; Ploysangam 

et al. 1997; Saadah et al. 2003; Yu et al. 2006).   Fissures, abscesses and 

skin tags have also been reported (Palamaras et al. 2008).  

The commonest locations of non-genital lesions are in the extremities, face 

and trunk (Lester and Rapini 2009; Palamaras et al. 2008).  These lesions 

appear as papules, nodules and ulcers (Palamaras et al. 2008). MCD is most 

often seen when there is colonic involvement in CD compared to small bowel 

disease (Acker et al. 2000; Hackzell-Bradley et al. 1996).  

Histologically, MCD is characterized by the presence of discrete, non- 

caseating granulomas of sarcoidal type (fig 1.2.1.2.1).  These granulomata 

are similar to those seen in the gastrointestinal tract of CD patients and 

contain numerous foreign-body and Langhans-type multinucleated giant cells, 

present in the superficial and deep dermis, as well as adipose tissue 

(Palamaras et al. 2008).  
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Fig. 1.1 H&E Staining of metastatic CD showing non-caseating granulomas 

(Reproduced from Yamamoto 2011) 

 

 Other features include perivascular or perifollicular accentuation and 

extravascular neutrophilia (Crowson et al. 2003b; Hackzell-Bradley et al. 

1996; Palamaras et al. 2008). 

 

A number of treatment modalities have been suggested for the management 

of MCD, however results are often unsatisfactory with the absence of any 

randomised controlled trials in the literature. Oral steroids, in particular 

prednisolone, either alone or in combination with antimicrobials, and other 

immunosuppressants has been shown to have some benefits (Peltz et al. 

1993; Slater et al. 1985; Tatnall et al. 1987). Other agents used include 

antibiotics and in particular metronidazole (Aviles-Izquierdo et al. 2005; 
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Delgado et al. 2003; Hackzell-Bradley et al. 1996), topical steroids (Acker et 

al. 2000; Goh et al. 1998; Kim et al. 1992), azathioprine (Anadolu et al. 1999; 

Sangueza et al. 1997), infliximab (Graham et al. 2006; Ogram et al. 2010; van 

Dullemen et al. 1998) and surgical treatments ((Guerrieri et al. 1995; Moyes et 

al. 2007; N. Williams et al. 1993). 

 

1.2.2 Reactive Skin Eruptions 

 

1.2.2.1 Pyoderma Gangrenosum (PG) 

 

PG is part of a spectrum of the neutrophilic dermatoses, a group of 

inflammatory disorders of unknown aetiology that show a tendency towards 

pathergy and the presence of non-infectious neutrophilic infiltrates in the skin 

(Ferrandiz-Pulido et al. 2009). It is a severe and debilitating skin disorder 

which is characterized by the presence of nodules and pustules which rapidly 

enlarge and ulcerate (F. T. Veloso 2011). The lesions usually affect the 

extensor aspects of the lower extremities but can occur elsewhere. The 

condition can either be idiopathic or secondary to IBD, rheumatological or 

haemotological diseases. It has been reported in 0.5 to 20% of patients with 

CD (Lebwohl and Lebwohl 1998; Trost and McDonnell 2005). The condition 

usually coincides with an exacerbation of the underlying intestinal disease 

(Tavarela Veloso 2004) but can occur independently or as a precursor to 

diagnosis of intestinal CD (Bishopric and Bracken 1964). 

 

A variant that is seen in patients with IBD is peristomal PG (Fig.1.2). This was 

first reported in patients with CD in 1984 (McGarity et al. 1984). Whereas 
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lower extremity PG usually occurs in patients with Ulcerative Colitis (UC), 

peristomal PG is usually seen in patients with CD (Sheldon et al 2000). The 

reported incidence in the literature is around 0.6% in patients with IBD 

(Mancini et al. 2002), however, it is usually not recognized and infrequently 

reported suggesting a higher true incidence.  

 

 

Fig.1.2  Peristomal pyoderma gangrenosum lesion (Reproduced from Sheldon et al 

2000) 

 

Histological analysis of PG lesions reveal a central zone of suppurative 

inflammation and necrosis (Crowson et al. 2003a), however, the diagnosis 

tends to be made on clinical grounds. In CD patients, the lesions show 

neutrophil infiltration and concomitant necrosis of local collagen fibers (Gray 

and Catanzaro 2004). 

 

The management of PG remains a therapeutic challenge. Studies using high 

doses of systemic corticosteroids (oral/ intralesional), immunosuppressive/ 

immunomodulatory therapy (cyclosporine, tacrolimus, mycophenolate mofetil, 

azathioprine, dapsone) has shown varying degrees of benefit (Danese et al. 

2005; F. T. Veloso 2011). Treatment with infliximab has shown rapid healing 
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of lesions (Regueiro et al. 2003). In a randomised-control study, 13 patients 

with PG were given a single-infusion of infliximab with 6 patients (46%) 

showing significant improvement compared to placebo (Brooklyn et al. 2006). 

 

1.2.2.2 Erythema nodusum (EN) 

 

 EN has been reported to occur in up to 15% of patients with CD (Lebwohl 

and Lebwohl 1998). The disease primarily affects women between the ages of 

25 and 40 and seldom occurs after the age of 50.  It is found three to six times 

more frequently in women compared to men (Trost and McDonnell 2005). EN 

has also been associated with numerous other conditions, including 

tuberculosis (Lofgren 1946),  Behcet’s syndrome and sarcoidosis (Lebwohl 

and Lebwohl 1998). Clinically, EN appears in conjunction with symptoms of 

active bowel disease and is most common in patients with colon involvement 

and peripheral arthritis (Tavarela Veloso 2004). The underlying aetiology is 

thought to be due to a hypersensitivity response involving immune complex 

deposition in connective tissue septa in subcutaneous fat (Requena and 

Requena 2002) leading to inflammation in the subcutaneous fat. Eruptions of 

EN are associated with exacerbations of bowel disease but not with severity 

or extent (Apgar 1991). 

 

Characteristic lesions are usually, multiple, bilateral, raised, erythematous, 

tender nodules commonly found on anterior tibial surfaces (Fig.1.3) (Trost and 

McDonnell 2005) . However, they can occur in subcutaneous fat anywhere in 

the body, including the arms and trunk (F. T. Veloso 2011). The lesions may 

be associated with systemic symptoms of malaise, fevers and joint pains. The 
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typical course lasts for three to six weeks but the lesions can persist for 

months. Histologically, the lower dermis may reveal a moderate 

lymphohistiocytic infiltrate, and direct immunoflurorescence for 

immunolglobulins and complement may reveal perivascular deposits (T. 

Veloso 1990). 

 

 

Fig.1.3 Bilateral erythematous nodules in a patient with CD (Reproduced from Quin 

et al 2008) 

 

EN lesions usually respond to treatment with system corticosteroids used to 

control bowel flare-up. In a study of 792 patients with IBD, every case of EN 

(48 patients) responded to the medical treatment of the IBD (Trost and 

McDonnell 2005; F. T. Veloso et al. 1996). In refractory cases, potassium 

iodide, colchicine, hydroxychloroquine and thalidomide preparations have 

been used with varying degrees of success (Tavarela Veloso 2004). The use 

of infliximab has also shown promising outcomes in refractory cases (Fleisher 

et al. 2002). 

  

 

 



1.2.3 Cutaneous wound failure 

 

1.2.3.1 Phases of Wound Healing 

 

The fundamental role of skin is to act as a protective barrier against the 

environment. Following an insult or injury, a complex and dynamic process of 

wound healing ensues, which involves restoring cellular structures and tissue 

layers. The process of wound healing has four fundamental phases that 

overlap in time, namely coagulation, inflammation, proliferation and 

remodeling (Fig 1.2.3.1.1).  Immune cells are thought to play a pivotal role in 

the repair process; not only are they important in defense against pathogens, 

these cells are vital to the regulation of the wound-healing process through 

the secretion of signaling molecules, such as cytokines, lymphokines, and 

growth factors (Park and Barbul 2004).  

 

 

Fig. 1.4 Phases of wound healing (Adapted from Tsirogianni et al 2006) 
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A consistent pattern of immune cell infiltration occurs into the wound following 

injury. Immediately following injury, blood products extravasate into the wound 

from damaged blood vessels in the dermis. Platelets aggregate and release a 

host of mediators that initiate the coagulation cascade as well as a number of 

cytokines and growth factors which recruit inflammatory and immune cells 

(Wilgus 2008). Neutrophils enter the wound and signal the beginning of the 

inflammatory phase, clearing the debris from the wound. After 48 hours, 

macrophages replace neutrophils as the principle inflammatory cells and 

continue the role of “cleansing” the wound. Both neutrophils and 

macrophages release an assortment of cytokines and growth factors, 

necessary for the initiation and propagation of new tissue formation within the 

wounds (A. Singer and Clark 1999b). Finally, T cells and other members of 

the adaptive immune system enter the wound (Wilgus 2008). 

The proliferative phase generally follows and overlaps with the inflammatory 

phase, and is characterised by epithelial proliferation and migration over the 

provisional matrix within the wound (Guo and DiPietro 2010). Within the neo-

dermis, fibroblasts and endothelial cells are the predominant cell type and aid 

capillary growth, collagen formation and the formation of new stroma, often 

called granulation tissue, at the site of injury. Fibroblasts produce collagen, 

glycosaminoglycans and proteoglycans, leading to formation of the 

extracellular matrix (ECM) (Guo and DiPietro 2010). Angiogenesis is 

necessary to sustain the newly formed granulation tissue and requires ECM in 

the wound bed as well as migration and mitogenic stimulation of endothelial 

cells (Madri et al 1996). A number of molecules have been found to have 

potent angiogenic activity, including vascular endothelial factor, transforming 

growth factor B, angiogenin, angiotropin, angiopoietin 1, and thrombospondin 
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(Singer and Clark 1999).  

 

Wound healing enters the final stage of remodelling during the second week 

of healing and can last for a number of years. The ECM remodels to an 

architecture similar to that of the original normal tissue. Fibroblasts undergo 

differentiation into myofibroblasts containing alpha-smooth muscle actin fibrils. 

These cells possess contractile features, which lead to the drawing of wound 

edges closer together and reducing the wound area (Tsirogianni et al 2006). 

Regression of the newly formed capillaries occurs, leading to the vascular 

density of the wound returning to normal (Guo and DiPietro 2010). 

 

 

1.2.3.2  The Unhealed Perineum 

 

Historically, up to 80% of patients with CD have surgery at some stage 

(Cummings et al. 2008). A subset of these patients will require proctectomy, in 

particular, individuals with refractory perianal disease and rectal involvement 

(Genua and Vivas 2007). Reported proctectomy figures in CD vary between 

12-20% in the literature (Buchmann et al. 1980; Fry et al. 1989; Genua and 

Vivas 2007; van Dongen and Lubbers 1986; J. G. Williams et al. 1991; 

Williamson et al. 1995). However, a major source of morbidity seen in these 

patients is the development of an unhealed perineal wound following surgery. 

These patients often experience a poor quality of life with persistent 

unpleasant perianal drainage, life-limiting pain, and recurrent wound 

infections. Furthermore, the failure of the wound to heal places an increased 
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burden on primary care and hospital services, leading to an increase in health 

expenditure (Lohsiriwat 2009). 

 

The incidence of an unhealed perineum is reported more frequently after 

proctectomy or pouch excision for CD than for UC or cancer. The most 

common perineal complications seen in patients with CD are perineal 

infections and the failure of the perineal wound resulting in a persistent 

perineal sinus (PPS) tract (Del Pino and Abcarian 1997). PPS was described 

by Watts as an unhealed perineal wound more than 6 months after 

proctectomy (Watts et al. 1966). It is typically a long, fibrous tract covered by 

granulation tissue with a narrow external opening (Karoui et al. 2004). In the 

strictest sense, the sinus is a narrow tract leading to a cavity within the pelvis 

caused by a suppurative process or foreign body reaction (Del Pino and 

Abcarian 1997). However, the terms PPS and an unhealed perineal wound 

have been used interchangeably in the literature to describe any perineal 

wound that remains unhealed at 6 months. 

 

The first case of an unhealed perineum was described by Miles in 1908 as a 

complication of an abdomino-perineal excision of the rectum (APER) for rectal 

cancer (Miles 1908). Despite advancement in medical and surgical modalities, 

it still occurs in an appreciable proportion of patients undergoing this type of 

surgery, and in particular, in CD. 

 

The majority of the data in the literature assessing the incidence of the 

unhealed perineum in CD compared with UC or cancer is historical. Irvin and 

Goligher, in a prospective randomised control study assessing three different 
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perineal wound management strategies in 106 patients undergoing 

proctectomy, found a higher incidence of unhealed perineum in CD patients 

compared to those with UC or cancer (Irvin and Goligher 1975). This finding 

was confirmed by Corman who found in a study of 151 IBD patients 

undergoing proctectomy that only 17% of CD patients had healed at 6 months 

(compared to 39% in UC) and 52% at 18 months (compared to 75% in UC) 

(Corman et al. 1978b). 

 

Baudot et al undertook a retrospective study of 105 patients who had 

undergone proctectomy for rectal cancer or IBD. Only 6 out of 33 CD patients 

(18%) achieved primary healing (which was defined as complete absence of 

discharge or pus or serum from the perineal wound). This was even lower in 

UC patients (3 out of 35 patients, 9%). Comparatively, in the carcinoma 

group, primary healing was achieved in 14 out of 35 patients (42%). Thirty-six 

percent of CD patients developed PPS compared to 14% in the carcinoma 

group and 31 % in the UC group (Baudot et al. 1980). When comparing 

perineal healing following proctectomy in CD to UC and pre-malignant cases, 

Lubbers found 60% healing at 6 months in the CD group compared to 74% in 

UC and 93% in the polyposis group (Lubbers 1982). 

 

A number of contributing factors have been proposed in the 

aetiopathogenesis of the PPS in CD. Irvin and Goligher found that perineal 

wounds did not heal in the presence of operative contamination with pus or 

faeces (Irvin and Goligher 1975).  Leicester et al, in a retrospective study of 

IBD patients undergoing proctectomy, found preoperative sepsis and 

contamination affected wound healing, with primary healing occurring in only 
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7 of 20 patients with contaminated wounds (Leicester et al. 1984).  Lohsiriwat 

and Clark found that patients undergoing pouch excision for extensive 

perineal disease or pelvic sepsis suffered a PPS significantly more than those 

undergoing procedures for pouchitis and poor pouch function following 

restorative proctocolectomy for IBD (Lohsiriwat and Clark 2008).  

 

The presence of perineal disease has been implicated as a potential factor in 

the development of the unhealed perineum following surgery.  Keighley et al 

found that the presence of perianal disease had a marked affect on perineal 

wound healing following proctectomy. Nineteen of twenty-seven 

proctectomies performed on CD patients with evidence of perianal disease, 

developed a PPS (70%) whereas complete perineal healing occurred in all 

nine patients who had proctectomies in the absence of perianal disease 

(Keighley and Allan 1986). Interestingly, in the group with perianal disease, 

none of the 17 patients with proven ano-rectal strictures achieved healing 

after proctectomy. However, these findings were not supported by a larger 

retrospective study undertaken by the same group; Scammell and Keighley 

reported that the presence of severe perianal disease (low fistula-in-ano, 

perianal sepsis, fissures, ulcers) did not adversely effect perineal wound 

healing. However, rectal disease was identified as a factor in delayed wound 

healing; in 10 of the 112 CD patients with a PPS, 8 had severe rectal disease. 

Delayed or absent healing occurred in 31 patients (43%) with severe rectal 

disease compared with 10 patients (25%) with quiescent rectal disease. Once 

again, contradicting the previous study, the presence of a rectal stricture did 

not influence the rate of perineal wound healing (Scammell and Keighley 

1986). 
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Other factors that have been studied but have shown no real contributing 

effect include patient sex (Corman et al. 1978b; Elliot and Todd 1985), age 

(Corman et al. 1978b; Yamamoto et al. 1999), use of preoperative 

immunosuppressive drugs (Baudot et al. 1980; Irvin and Goligher 1975; 

Lubbers 1982; Scammell and Keighley 1986) and use of preoperative 

antibiotics (Marks et al. 1978; Scammell and Keighley 1986).  

 

The techniques for proctectomy, and in particular the management of the 

perineal wound have also been implicated. Before the 1940s, the perineal 

wound was handled by either packing it open or loose approximation 

(Lieberman and Feldman 1984). Subsequently, a number of authors reported 

on improved healing following primary closure compared to packing (Baudot 

et al. 1980; Irvin and Goligher 1975; Tompkins and Warshaw 1985). The 

closure was accompanied by the use of perineal suction drains with the open 

technique described by Miles reserved for cases in whom faecal 

contamination had occurred (Del Pino and Abcarian 1997). The use of 

myocutaneous flaps following proctectomy in CD (Brough and Schofield 1991; 

Collie et al. 2005; Hurst et al. 2001; Schaden et al. 2007) has also been 

investigated with varying claims for success.  

 

As well as following proctectomy, PPS is the most common late complication 

after ileoanal pouch excision and is reported in 29 to 43% of patients (Karoui 

et al. 2004; Lohsiriwat and Clark 2008; Prudhomme et al. 2006). The 

formation of an ileo-anal pouch has widely been accepted as an established 

procedure with low operative morbidity and good long-term functional results 

in UC, with the benefit of avoiding a permanent end-ileostomy. However, it’s 
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use is generally considered to be contraindicated in the presence of CD even 

if there is no evidence of ileal involvement. This is because of the potential for 

recurrence of disease within or above the ileal reservoir, and the risk of 

developing fistulas, strictures, wound failure, and abscess formation, which 

will frequently necessitate pouch excision (Mylonakis et al. 2001). There is 

also a group of patients who will undergo ileo-anal pouch and will be 

diagnosed with CD following histological analysis of the resected specimen. 

Some authors have advocated the use of ileo-anal pouch surgery in selected 

CD cases (Mylonakis et al. 2001; Regimbeau et al. 2001), particularly in those 

with no perianal or small bowel involvement. 

 

Pouch failure, which is defined as the need for pouch excision or permanent 

pouch diversion, has a reported incidence of 3.5 to 15% (Prudhomme et al. 

2006). The commonest cause of pouch failure is from complications related to 

sepsis and poor function. Following pouch excision, studies have highlighted 

the increased incidence of an unhealed perineum in CD compared to UC and 

polyposis syndromes (Lohsiriwat 2009; Prudhomme et al. 2006).  
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Reference Year Disease Number of 

patients 
Surgery Incidence of 

unhealed wound 
Time 

Watts 1966 UC 93 Proctectomy 23 (25%) 6 months 

Jalan 1969 UC 106 Proctectomy 58 (53%) 6 months 

Ritchie 1971 UC 

CD 

 

263 

20 

 

Proctectomy 142 (54%) 

16 (80%) 

 

6 months 

Irvin 1975 Ca 

UC 

CD 

44 

34 

19 

Proctectomy 4 (9%) 

10 (30%) 

7 (37%) 

6 months 

Corman 1978 UC 

CD 

90 

61 

Proctectomy 51 (57%) 

44 (72%) 

6 months 

Ferrari 1980 UC 

CD 

 

19 

17 

 

Proctectomy 0 (0%) 

4 (24%) 

6 months 

Baudot 1980 Ca 

UC 

CD 

35 

35 

33 

Proctectomy 5 (14%) 

11(31%) 

12 (36%) 

6 months 

Lubbers 1982 Polyposis 

UC 

CD 

14 

23 

25 

Proctectomy 1 (7%) 

6 (26%) 

10 (40%) 

6 months 

Manjoney 1983 IBD 

Cancer 

28 

58 

Proctectomy 8 (29%) 

9 (16%) 

3 months 

Leicester 1984 UC 

CD 

79 

19 

Proctectomy 13 (16%)  

5 (26%)  

1 year 

 

Tompkins 1985 Ca 

UC+CD 

10 

47 

Proctectomy 0 

2 (4%) 

 

2 montha 

Elliot 1985 UC 

CD 

7 

27 

Proctectomy 1 (14%) 

7 (26%)  

12 days 

Berry 1986 UC + CD 

 

115 Proctectomy 29 (25%)  At time of 

hospital 

discharge 

Bauer 1986 UC 

CD 

388 

39 

Proctectomy 3 (1%) 

5 (13%) 

6 months 
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Scammell 1986 CD 112 Proctectomy 31 (28%)  

10 (9%)  

12 weeks 

Never healed 

Keighley 1986 CD 36 Proctectomy 19 (52%) 6 months 

Williams 1986 CD 9 Proctectomy 5 (56%) 6months 

Yamamoto 1999 CD 145 Proctectomy 33 (23%) 6 months 

(Regimbeau et al. 

2001) 

2001 CD     

Mylonakis 2001 CD 12 Pouch Excision 9 (75%) 6 months 

Karoui 2004 UC 

CD 

Polyposis 

47 

10 

11 

Pouch Excision  20 (43%) 

3 (30%) 

4 (36%) 

6 months 

Prudhomme 2006 UC 

CD 

Polyposis 

Cancer 

3 

14 

5 

2 

 

Pouch Excision 

1 (33%) 

6 (43%) 

0  

0 

6 months 

(Lohsiriwat and 

Clark 2008) 

2008 UC 

CD 

28 

7 

Pouch Excision 9 (32%) 

5 (71%) 

6 months 

 

Table 1.2 Literature review of the incidence of an unhealed perineum following proctectomy 

or pouch excision in IBD 
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1.2.3.3 The role of Immune cell composition and homing profiles  

 

The cause of poor wound healing in CD is unknown and is likely to reflect 

the underlying pathogenesis of CD and tissue-specific local factors. There 

is increasing evidence to suggest that microbial and immunological 

mechanisms play a role in the pathogenesis of CD in genetically 

susceptible patients (Tozer et al. 2009). Intestinal inflammation is thought 

to develop as a result of a dysregulated immune response to commensal 

bacteria leading to an overproduction of inflammatory cytokines and 

trafficking of effector lymphocytes into the intestine. Central to this theory, 

is the role of a class of antigen-presenting cells; the dendritic cells (DC) in 

the initiation of inflammation (Banchereau et al. 2000; Leithauser et al. 

2001; Stagg et al. 2003). 

 

DC are antigen presenting cells which sample mucosal-associated bacteria 

and migrate to lymph nodes to stimulate immune response via T-cells. DC 

determine the development of either an immunogenic or tolerogenic immune 

response to a particular antigen (Mann et al. 2012a). This role of DC is 

particularly pivotal in the gastro-intestinal tract, where the luminal surface is in 

constant contact with a variety of commensal microbiota and diverse 

pathogens. Intestinal DC have a central role in the initiation of the 

inflammatory response in IBD, which include CD (Hart et al. 2005). A similar 

effect needs to occur in the skin; epidermal DC need to exhibit a similar 

homeostasis between tolerance and immunity due to the proximity of the 

epidermis to the external environment.  

 



DC recognise molecular components of potential pathogens by a series of 

surface receptors, including Toll-like receptors (TLR) (Hart et al. 2005; 

Kadowaki et al. 2001). Individual TLR have distinct pathogen-associated motif 

specificities, with TLR4 recognizing lipopolysaccharide and TLR2 binding 

bacterial lipopeptides (Aliprantis et al. 1999; Beutler 2000; Chandran et al. 

2009).  

 

 

Fig. 1.5 The role of DC in the immune system. DC bridge innate and adaptive 

immunity. Upon stimulation with pathogen-associated molecular patterns (PAMP), 

DC secret cytokines that activate natural killer (NK) cells and help to differentiate 

CD4+ and CD8+ T-cells. Adapted from Gi et al 2009)  

DC are also able to imprint homing properties on T-cells that they stimulate in 

order to direct a tissue-specific immune response (D. J. Campbell and 

Butcher 2002; Mann et al. 2012a; Stagg et al. 2002). Prior to DC stimulation, 

naïve T-cells express homing receptors that enable migration only towards 

lymphoid tissues (Mann et al. 2012a). However, following stimulation and 
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maturation, T-cells alter their homing receptors and acquire the capacity to 

migrate to extra-lymphoid tissues (Masopust et al. 2001). The site of antigen 

presentation determines the resulting homing phenotype of the effector and 

memory T-cells generated (D. J. Campbell and Butcher 2002). T-cells that are 

activated in lymphoid tissue-draining intestinal sites have a propensity to 

home back selectively the gut; the integrin β7 mediates the binding of 

lymphocytes to the mucosal addressin cell adhesion molecule 1 (MAdCAM-1), 

a glycoprotein expressed on intestinal lamina propria venules and endothelial 

venules in Peyer’s patches and mesenteric lymph nodes (Berlin et al. 1993; 

Erle et al. 1994; Hart et al. 2004). Furthermore, the role of chemokines in T-

Cell homing has also been investigated; binding of chemokine CCL25 (TECK) 

with CCR9 results in a homing-cascade to the small intestine (Zabel et al. 

1999). 

 

Factors involved in T-cell homing in the skin include E- and P-selectin ligands 

(e.g. cutaneous lymphocyte-associated antigen (CLA)), expressed on skin T-

cellss (Fuhlbrigge et al. 1997) and interaction between chemokine receptors 

CCR4 and CCR10 and their respective ligands CCL17 and CCL27(J. J. 

Campbell et al. 1999).  

 

Furthermore, in order to fulfill their role in antigen acquisition at different 

mucosal sites, DC themselves must exhibit tissue-specific properties. 

Peripheral blood DC express both gut and skin homing markers suggesting 

potential migration to either organ and inducing multi-homing T-cells. 

Conversely, tissue-specific DC demonstrates tissue-specific phenotype and 

induces tissue-specific T-cells (Mann et al. 2012a).  
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In the human immune system, T-cells can be separated into two major 

subsets by varying functional and phenotypic features including activation 

requirements, effector functions, homing behavior, and cell surface phenotype 

(Dutton et al. 1998; Garcia de Tena et al. 2004; Sprent and Surh 2001, 2002). 

Memory-effector T-cells (mainly CD4+ subpopulation) are characterized by 

their ability to produce effector cytokines, expression of CD45RO surface 

marker and the ability to traffic to extra-lymphoid tissue. Naïve CD4+ T-cells 

express the CD45RA surface marker and produce little in the way of effector 

cytokines. Their migratory ability is limited to secondary lymphoid organs 

(Garcia de Tena et al. 2004). Previous human studies have suggested an 

increase proportion of CD45RO+ T-cells in peripheral blood and intestinal 

tissues in CD (Mariani et al. 2000; Meenan et al. 1997; Roman et al. 1996). 

Furthermore, in murine models, memory T-cells were shown to be involved in 

the development of specific antigen-induced colitis in immunodeficient mice 

(Kweon et al. 2002). 

 

CD4+ T-cells secrete various cytokines, which regulate other immune cells. 

Type 1 T helper (Th1) and Type 2 helper (Th2) cells represent two subtypes 

of CD4+ T-cells. Th1 cells produce interferon- γ (IFN-γ), interlukin (IL)-2 and 

tumour necrosis factor (TNF-β) and Th1 dominated immune responses 

predominantly produce a phagocyte-dependent inflammation. Th2 cells 

produce IL-4, IL-5, IL-6, IL-9, IL-10 and IL-13 and evoke strong antibody 

responses (Romagnani 2000). It had previously been assumed that CD is 

mainly mediated by Th1 cells, supported by studies showing increased levels 

of IFN-γ in gut samples (Brand 2009). More recently, a number of other T-cell 
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populations were discovered; regulatory T cells (Treg) play an important role 

in controlling autoimmunity and maintenance of self-tolerance whilst Th17 

cells (producing IL-17) were recognized as a T-cell group playing a vital role in 

the potentiation of autoimmunity (Brand 2009). It is believed that in CD, the 

balance between pro-inflammatory T-cells and tolerating, anti-inflammatory T-

cells is lost, leading to intestinal inflammation. Furthermore, a number of other 

studies have also implicated Th17 cells as playing a pivotal role in the 

pathogenesis of CD (Karczewski et al. 2012). 

 

T-cells migrate into wounds during the late proliferative/ early remodelling 

phase. Although the role of T-Cells in wound healing is not completely 

understood, studies have suggested that delayed T-Cell infiltration along with 

decreased T-Cell concentration in the wound site is associated with impaired 

wound healing (Guo and DiPietro 2010). Other studies have reported that 

CD4+ cells (T-helper cells) have a beneficial role in wound healing, whilst 

CD8+ (T-suppressor-cytotoxic cells) play an inhibitory role in wound healing 

(Swift et al., 2001) (Park and Barbul, 2004). Skin gamma-delta T-cells have 

shown to regulate many aspects of wound healing, including maintaining 

tissue integrity, defence against pathogens, and regulation of inflammation 

(Guo and DiPietro 2010). 

 

1.3 Conclusions 

 

CD is a multi-system disease with multiple cutaneous manifestations. These 

phenomena are classically classified into three groups all with likely differing 

underlying aetiology, namely granulomatous lesions, reactive skin eruptions 
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and manifestations secondary to nutritional deficiencies. However, perineal 

wound failure following surgery is another manifestation that further highlights 

cutaneous involvement in CD and despite the rapid advancement of our 

understanding of the underlying disease process in intestinal CD, our 

knowledge in the aetiopathogenesis of skin involvement is still lacking. It is 

possible that potential causative factors are likely to reflect the underlying 

pathogenesis of CD and tissue-specific local factors. There is increasing 

evidence to suggest that microbial and immunological mechanisms play a role 

in the pathogenesis of CD in genetically susceptible patients. Intestinal 

inflammation is thought to develop as a result of a dysregulated immune 

response to commensal bacteria leading to an overproduction of inflammatory 

cytokines and trafficking of effector lymphocytes into the intestine.  
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1.4 Hypothesis 

 

Cutaneous wound failure in Crohn’s disease is as a result of alterations in DC 

in wound tissue, leading to altered activation of lymphocyte population, 

characterized by abnormal expression of tissue markers on leucocyte 

populations. 
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1.5 Aims 

 

• To assess potential predictive factors in the development of an 

unhealed perineum following surgery in patients with IBD and cancer. 

• To determine healing rates of patients with an unhealed perineum for 

up to 12 months following surgery. 

• To characterise and identify wound DC population.  

• To determine immune cell composition and differences in homing 

profiles of DC and T-cells from CD and (non-CD) control wound tissue 

and peripheral blood. 

• To assess the type of T-cell response that is being generated i.e. 

inflammatory or regulatory, by examining the cytokine profile produced 

by the wound-tissue.  

• To assess any potential differences in DC function in CD and non-CD 

wounds, and in particular, identifying tissue homing properties of 

stimulated T-cells, imprinted by the DC. 

• To assess histological differences between CD wounds and non-CD 

wounds. 

• To devise a scoring system to aid in the diagnosis of CD in patients 

with perianal wounds. 

• To assess the effects on wound dimensions and epithelialization of 

regular wound digitation against current standard practice of 

community nurse-led dressings in the management of open perineal or 

perianal wounds.  
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CHAPTER 2 

FACTORS ASSOCIATED WITH THE DEVELOPMENT 

OF THE UNHEALED PERINEUM FOLLOWING 

PROCTECTOMY AND POUCH EXCISION 
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2.1 Introduction  

The unhealed perineum, or persistent perineal sinus (PPS), is a widely 

recognised complication following proctectomy or pouch excision for benign 

and malignant anorectal conditions. Despite advances in surgical techniques 

and perineal wound management, perineal wound healing still remains a 

major complication following proctectomy and pouch excision. As described in 

section 1.2.3.2, the majority of data in the literature assessing the incidence of 

PPS following surgery in patients with IBD is historical, and has been reported 

to vary between 3% to 70% at 6 months (Keighley and Allan 1986; Lohsiriwat 

2009; Mylonakis et al. 2001; Yamamoto et al. 2000). Furthermore, the wounds 

have been reported to remain unhealed in 33% at 12 months (Bassi et al. 

2004; Lohsiriwat 2009; J. G. Williams and Hughes 1990), and in a certain 

proportion, never heal. There appears to be an increased frequency following 

surgery for Crohn’s disease compared to Ulcerative Colitis or anorectal 

cancer (Bauer et al. 1986; Corman et al. 1978b; Manjoney et al. 1983).  

 

A number of factors, which appear to be associated with poor wound healing, 

have been reported in the literature, including preoperative perineal sepsis, 

the presence of a high anal fistula, and intraoperative faecal contamination 

(Corman et al. 1978a; Genua and Vivas 2007; Irvin and Goligher 1975; 

Scammell and Keighley 1986; Yamamoto et al. 1999). The presence of a 

rectal stricture has also been demonstrated as a poor prognostic indicator of 

wound healing following proctectomy (Genua and Vivas 2007; Keighley and 

Allan 1986).  
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In the group of patients who have undergone abdomino-perineal excision of 

rectum (APER) for low-rectal cancers, incidence rates as high as 29% have 

been reported, with the suggestion that pre-operative chemo-radiotherapy 

plays an important causative role (Chadwick et al. 2006; Delalande et al. 

1994; Fingerhut et al. 1995). 

 

PPS also appears to be the commonest late complication of pouch excision 

for failed restorative proctocolectomy, with incidence rates of 40% at 6 months 

and 10% at 12 months reported (Karoui et al. 2004; Lohsiriwat 2009). There is 

little information in the literature regarding risk factors for PPS after pouch 

excision, with a solitary study highlighting pouch excision for pelvic or perineal 

sepsis in IBD as the only significant risk factor for PPS (Lohsiriwat and Clark 

2008). 

 

This present study was designed to determine potential risk factors, which 

may contribute to the development of an unhealed perineum following 

surgery. 

 

2.2 Aims 

• To assess potential predictive factors in the development of an 

unhealed perineum following surgery 

• To determine healing rates of patients with an unhealed perineum for 

up to 12 months following surgery 
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2.3 Methods 

A retrospective analysis was undertaken at a single specialist colorectal 

centre between the 1st September 1997 to 1st September 2009.  

 

Patients aged 16 and above who underwent APER, proctectomy, 

proctocolectomy or excision of ileo-anal pouch were included in the study. 

Patient identification was obtained from searching theatre and consultant 

surgeon diaries plus a hospital database coding for the named procedures. 

Medical casenotes were reviewed and information on demographic data, 

disease processes, patient and operative factors  were collected. 

 

For the purpose of this study, an “unhealed perinuem” was defined as 

perineal wound failure at 1 year following surgery. The terms ‘open’, 

‘unhealed’, and ‘sinus’ in clinical records were used to determine the presence 

of an unhealed perineum. All patients underwent primary closure of their 

perineal wounds. 

 

Information regarding perineal wound healing was collected at 7 days and 12 

months. Data input was onto a pre-designed Excel Spreadsheet database. 

 

The first stage of analysis compared patients defined as having initial wound 

failure (primary wound failure group) with those who had an initial healed 

wound (primary wound healing group). The second stage of the analysis 

compares those with an initial wound failure who subsequently healed by 12 

months (secondary wound healing group), with those whose wound had not 

healed (secondary wound failure group) (Fig.2.1). 
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2.4 Statistics 

Univariate and multivariate analyses were performed utilising 15 variables. As 

the outcome (wound healing) was measured on a binary scale, all analysis 

was performed using logistic regression. Initially, the individual effect of each 

factor upon the outcome was assessed in a series of univariables. Parametric 

and non-parametric tests were used for normal distribution and non-normal 

distribution continuous variables respectively. Chi Square tests were used for 

categorical variables. Variables showing some evidence of an association 

with poor healing in the univariable analysisis (p<0.2) were considered for 

multivariate analysis.  A backward selection procedure was used to retain only 

the statistically significant variables in the final mode. 

 

For those patients who developed an unhealed perineum, a Cox regression 

analysis was performed to establish factors influencing helaing over a 12 

month period.  

 

2.5 Results 

A total of 235 patients had undergone an APER, proctectomy, 

proctocolectomy or pouch excision at St. Mark’s Hospital between Spetember 

1997 and September 2009. Of these, 200 medical notes were retrieved with 

the remainder unavailable for analysis. Six patients had unknown wound 

status and were subsequently excluded from the sudy (Fig.2.1). All patients 

underwent at least a 12-month follow-up. 



 

Fig. 2.1. Study flow-chart. Primary Wound Healing group- Group of patients who 

achieved wound healing at 7 days from surgery. Primary Wound Failure group- 

Group of patients with an unhealed wound at 7 days following surgery. Secondary 

Wound Healing group- Group of patients with an unhealed wound at 7 days that 

subsequently healed at 12 months. Secondary Wound Failure group- Group of 

patients with an unhealed wound at 7 days that remained unhealed at 12 months.  
 

2.5.1 Demographic data  

The ratio of male to female patients within the study group was relatively 

equal (M:F,1.23:1), with a mean age of 51 ± 16.2 and BMI of 24.4 kg/m2 ± 5.1. 
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The majority of the patients were non-diabetic (96%) and non-smokers (60%). 

Disease processes that patients underwent surgery for included cancer, 

Inflammatory Bowel Disease and polyposis syndromes, with APER and 

proctectomy as the most frequent surgical procedures performed (60%).  

Twenty-six percent of these patients required chemoradiotherapy and only 

13% of patients with IBD had infliximab infusions. The majority of the 

procedures were performed as open surgery with only 16% undergoing a 

laparoscopic approach. 

 

Table 2.1.  Demographic data. Data represented as mean ± SD (and as a proportion 

(%). BMI- Body Mass Index; APR- Abdomino-Perineal Resection,  

 

2.5.2 Wound Healing Rates  

Primary wound failure (i.e. unhealed perineum at 7 days) was evident in 

108/194 (56%) patients. In this group of patients, 63 (58%) healed at 12 

months and 45 (42%) remained unhealed at 1-year follow-up. 

Variable( Category(( Data(
Mean(Age( !" 50.1"±"16.2"

( " "

Gender( Male" 106"(56%)"

( Female" 86"(44%)"

( " "

BMI( !" 24.4"kg/m2"±"5.1"

( " "

Smoking(history( Non!smoker" 114"(60%)"

( Ex!"smoker" 39"(21%)"

( Current"smoker" 37"(19%)"

( " "

Diabetes( No" 185"(96%)"

( Yes" 7"(4%)"

( " "

Disease(process( Cancer" 63"(32%)"

( Crohn’s"disease" 46"(24%)"

( Ulcerative"Colitis" 53"(27%)"

( Other"incl."Polyposis" 32"(16%)"

( " "

Procedure( APR/"Proctectomy" 114"(60%)"

( Proctocolectomy" 48"(25%)"

( Pouch"excision"" 29"(15%)"

( " "

Procedural(method( Open" 162"(84%)"

( Laparoscopic" 32"(16%)"

( " "

Chemoradiotherapy(( None" 25"(13%)"

( <"6"weeks" 9"(5%)"

( >"6"weeks" 40"(21%)"

( Not"indicated" 120"(62%)"

( " "

Infliximab( No" 140"(87%)"

( Yes" 21"(13%)"

"



Eighty-six out of one hundred and ninety-four (44%) patients had an intact 

wound at 7 days. None of these patients developed a wound dehiscence at a 

later date. 

The overall rate of an unhealed perineum following APER, proctectomy and 

pouch excision at 1 year in this study was 23% (45/194) (Fig.2.2) 

 

Fig.2.2.  Number of patients with primary wound healing at 7 days following surgery 

(n=194). In the primary wound failure group (n=108), 45 remained unhealed at 1 year 

 

2.5.3 Effect of variables on wound healing rates  

A number of variables were assessed to determine their effect on primary 

wound healing (Fig 2.3 and Table 2.2). Pre-existing perineal sepsis (61/194, 

31%) was the only variable that was significantly associated with failure to 

heal primarily (i.e. at 7 days) (OR 4.32, 95%CI, 2.16-8.62 P<0.001). Only 

14/61 (23%) patients with pre-existing perineal sepsis achieved initial wound 
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healing compared with 77/133 (58%) who did not have pre-existing sepsis 

(Fig. 2.4A). 

Patients who underwent proctocolectomy or pouch excision appeared to show 

a higher predisposition to initial wound failure; however, results did not reach 

statistical significance (p=0.06). 

There was no significant association between initial wound failure and 

underlying disease process, BMI, smoking history and the use of 

chemoradiotherapy, steroid therapy, or biological therapy, including infliximab. 

In the initial wound failure group, a subsequent comparison was made 

between those who developed initial wound failure but had healed by 12 

months (63/108, 58%) and those who remained unhealed at 12 months 

(45/108, 42%). In patients who developed an unhealed perineum, the 

presence of perineal sepsis and surgical treatment of the unhealed perineum 

were both significantly associated with time to healing (Figure 2.4 and Table 

2.3) 

Of the patients with pre-existing perineal sepsis who also had initial wound 

failure, 22/41 (54%) achieved healing at 12 months compared with 35/44 

(78%) who did not have pre-existing sepsis but still suffered primary wound 

failure (HR 0.54, 95%CI 0.31-0.93, p=0.03) (Figure 2.4B) Overall, of the initial 

61 patients with pre-existing sepsis, 19 (31%) were still unhealed at 12 

months, compared with 9/133 (7%) of those without pre-existing sepsis. 

Unhealed wound management modalities were also assessed. Eleven 

patients (42%) with initial wound failure who underwent an examination under 

anaesthesia and surgical procedure to improve healing developed a healed 
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perineal wound at 12 months compared to 34 patients (77%) who were 

treated conservatively with dressings (HR 0.42, 95%CI 0.21-0.84, p<0.01).  
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Table 2.2. Analysis of variables affecting primary wound healing. CI = confidence 

interval; APR = abdominoperineal resection; UC = Ulcerative Colitis, (+) Variable only 

applicable for a subgroup of patients (Table reproduced from Ip et al, 2013) 

 

 

 

Variable Category Not healed 
N (%) 

Odds Ratio 
 (95% CI) 

P-value 

     
Procedure APR/proctectomy 54/112 (48%)    1  
 Proctocolectomy 31/48 (65%) 1.96 (0.97, 3.94)  
 Excision of pouch 19/28 (68%) 2.27 (0.94, 5.44) 0.06 
     
Disease Cancer 29/61 (48%)    1  
Process Crohn’s 26/46 (57%) 1.43 (0.66, 3.10)  
 UC 27/52 (52%) 1.19 (0.57, 2.50)  
 Other 23/32 (72%) 2.82 (1.12, 7.08) 0.16 
     
BMI (*) - - 0.94 (0.66, 1.35) 0.74 
     
Smoking Non-smoker 62/113 (55%)    1  
 Ex-smoker 18 /38 (47%) 0.74 (0.35, 1.55)  
 Current smoker 22/36 (61%) 1.29 (0.60, 2.78) 0.49 
     
Diabetes No 100/182 (55%)    1  
 Yes 4/7 (57%) 1.09 (0.24, 5.02) 0.91 
     
Chemo (+) No chemo 12/24 (50%)    1  
 < 6 weeks 7/9 (78%) 3.50 (0.60, 20.4)  
 >6 weeks 16/39 (41%) 0.70 (0.25, 1.95) 0.17 
     
Steroids (+) Stopped taking 9/23 (39%)    1  
 Currently taking 13/29 (45%) 1.26 (0.42, 3.84) 0.68 
     
Biological 
treatment (+) 

No 76/140 (54%)    1  

 Yes 11/21 (52%) 0.93 (0.37, 2.32) 0.87 
     
Perineal 
sepsis 

No 56/128 (44%)    1  

 Yes 47/61 (77%) 4.32 (2.16, 8.62) <0.001 
     
     
!



 

Fig.2.3. Effect of variables on primary wound healing. APR= abdominoperineal 

resection, UC = Ulcerative Colitis, CD= Crohn’s Disease. Data represented as Odds 

ratio with 95% Confidence Intervals.  
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Fig. 2.4. A. Pre-existing perineal sepsis (61/194, 31%) was significantly associated 

with failure to heal primarily (OR 4.32, 95%CI, 2.16-8.62 P<0.001). B. Of the patients 

with pre-existing perineal sepsis who also had initial wound failure, 22/41 (54%) 

achieved healing at 12 months compared with 35/44 (78%) who did not have pre-

existing sepsis but still suffered primary wound failure (HR 0.54, 95%CI 0.31-0.93, 

p=0.03).  
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Table 2.3. Analysis of variables affecting wound healing at 12 months in patients with 

an initial unhealed wound. CI = confidence interval; APR = abdominoperineal  

resection; IBD = inflammatory bowel disease ; RT= Radiotherapy (+) Variable only 

applicable for a subgroup of patients. (Table reproduced from Ip et al, 2013) 

 

Variable Category Not healed 
N (%) 

Odds Ratio 
 (95% CI) 

P-value 

     
Procedure APR/proctectomy 32/43 (74%)    1  
 Proctocolectomy 18/27 (67%) 0.74 (0.41, 1.32)  
 Excision of 

pouch 
9/16 (56%) 2.27 (0.94, 5.44) 0.26 

     
Disease Cancer/Other 32/41 (78%)    1  
Process IBD 27/46 (59%) 0.64 (0.38, 1.08) 0.09 
                                 
BMI (*) - - 1.09 (0.83, 1.43) 0.53 
     
     
Smoking Non-smoker 33/51(65%)    1  
 Ex-smoker 11/14 (79%) 1.51 (0.76, 3.00)  
 Current smoker 13/19 (68%) 1.11 (0.58, 2.11) 0.50 
     
     
Diabetes No  56/83 (67%)    1  
 Yes 2/3 (67%) 1.15 (0.28, 4.72) 0.85 
     
Chemo/RT (+) No     8/10  (50%)    1  
 Yes 13/15 (87%) 1.07 (0.44, 2.58) 0.88 
                                              
     
Steroids (+) Previous Hx. 6/9 (67%)    1  
 Current 7/10  (70%) 1.08 (0.36, 3.22) 0.89 
     
Biological 
treatment (+) 

No                                91/140 (65%)    1  

 Yes  4/10 (40%) 0.52 (0.19, 1.47) 0.22 
     
Perineal 
sepsis 

No 
 

35/44 (80%)    1  

 Yes 22/41 (54%) 0/54 (0.31, 0.93) 0.03   
     
Surgical 
Method 

Open 48/75 (64%)    1             

 Laparoscopic 11/12 (92%) 1.70 (0.88, 3.27) 0.12 
 
Treatment of 
Unhealed 
wound 

  
Conservative 
Surgery 

 
34/44 (77%) 
11/26 (42%) 

 
   1  
0.42 (0.21, 0.84)              

 
 

0.01     

     
Defect Size            < 1 cm   8/21 (38%)      1  
 > 1 cm 17/28 (61%) 1.79 (0.77, 4.17) 0.17 
     
!



 

Fig.2.5 Effect of variables on wound healing at 12 months in patients with an initial 

unhealed wound APR= abdominoperineal resection, IBD = Inflammatory Bowel 

Disease. Data represented as Odds ratio with 95% Confidence Intervals.  
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2.6 Discussion 

The main aim of this retrospective study was to assess potential risk factors 

for the development of the unhealed perineum. The study analysed 194 

patients who had undergone surgery between a 12-year period. All patients 

were followed-up for a minimum of 12 months. The rate for an unhealed 

perineal wound at 12 months following surgery was 23%. 

From this study, pre-existing perineal sepsis appears to be a risk factor in the 

development of initial wound failure following surgery, and failure of healing at 

12 months. The association of pre-exisiting perineal sepsis with poor wound 

healing has also been reported previously (Keighley and Allan 1986; 

Scammell and Keighley 1986). Lohsiriwat and Clark found that patients 

undergoing pouch excision for extensive perineal disease or pelvic sepsis 

suffered PPS significantly more often than those undergoing operations for 

pouchitis and poor pouch function following restorative proctocolectomy for 

IBD (OR 8.0; 95% confidence interval 1.4–45.5) (Lohsiriwat and Clark 2008). 

There are conflicting data in the assessment of the effect of neo-adjuvant 

chemoradiotherapy on perineal wound healing in the literature. Neo-adjuvant 

chemoradiotherpy is used as a pre-operative treatment modality for the 

majority of patients with Stage II/III rectal cancers in an attempt to facilitate 

surgical intervention and reduce the rate of local recurrence (Rodel and Sauer 

2004). Their effects on perineal wound healing have been investigated by a 

number of groups. Bullard et al reported that preoperative radiotherapy 

doubles the rate of perineal wound complications, of which delayed healing 

was the most common feature (Bullard et al. 2005). Chadwick et al reported 

two-thirds of patients who had received preoperative radiotherapy had an 
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unhealed perineal wound after 1 month, half of which persisted for longer than 

3 months, and over a quarter remained unhealed at 1 year (Chadwick et al. 

2006). Radiation causes endarteritis obliterans and inhibits synthesis of the 

vascular and extracellular matrix, which can continue long after the initial 

treatment course (Lohsiriwat 2009). However, El-Gazzaz et al, in a large 

population study, failed to show an association between chemoradiotherapy 

and perineal wound healing (El-Gazzaz et al. 2009). Christian et al suggested 

that there was no significant increase in the risk of major wound complications 

in rectal cancer patients undergoing pre-operative radiation (Christian et al. 

2005). This study, again suggests no association between neo-adjuvant 

chemoradiation and perineal would healing. However, it is important to note 

that the dose, duration and timing of administration of radiation differ between 

the studies, and the sample size is relatively small, making it difficult to form 

conclusions. 

A number of studies have highlighted the increased incidence of poor perineal 

wound healing following surgery in IBD (and in particular CD patients) 

compared to patients with rectal cancer (Bauer et al. 1986; Corman et al. 

1978b; Manjoney et al. 1983). In this study, however, no such correlation was 

found. It can therefore be suggested that it may not be the disease itself that 

predisposes to the aberrant healing; rather the associated perianal 

complications of sepsis, fistulas and abscesses that are pivotal. 

Wound management modalities were also evaluated with regards to perineal 

wound healing. The traditional management of perineal wounds following 

surgery involves packing of the residual cavity to allow wound healing by 

secondary intention. The rationale for this method is to provide surgical 
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haemostasis and furthermore, prevent early skin closure over the underlying 

cavity, with subsequent prevention of abscess and fistula formation (Tonkin et 

al. 2004). However, many studies have highlighted that packing of wounds do 

lead to a delay in wound healing (Jalan et al. 1969; Roy et al. 1970). 

Surgical options available include Omentoplasty (Yamamoto et al. 2001), 

gracilis muscle advancement flaps (Ryan 1984), posterior thigh 

fasciocutaneous flaps (Hurst et al. 2001), gluteus maximus VY-advancement 

flaps (Hurst et al. 2001), vacuum-assisted closure (Argenta and Morykwas 

1997; Schaffzin et al. 2004) and rectus abdominal myocutaneous flaps 

(Menon et al. 2005). However, success rates are varied in the literature. The 

surgical management for an unhealed perineal wound in this study group 

consisted of an examination under anaesthesia, curettage and irrigation. In 

the early postoperative period, its benefit may relate to drainage of sepsis (Ip 

et al. 2013). Surgery was most likely reserved for complex or infected 

wounds, which may explain the higher incidence of wound failure in this group 

compared to conservative management. 

There are a number of confounding factors in this study, which needs to be 

highlighted prior to making informed conclusions. As a retrospective study, 

there was no control over exposure and outcome measures, with sole reliance 

of record keeping of others. For the purpose of this study, an “unhealed 

perineum” was defined as recorded wound status declared as “open”, 

“unhealed” and “sinus”; however in 6 cases, there was no reported 

documentation of wound status and these case were excluded from the study. 

Furthermore, documentation of CD patients who had biological treatment was 

also not robust, suggesting a possible effect on the results. A future study 
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assessing the rates of the unhealed perineum in the pre- and post- infliximab 

era may offer insight into the underlying immunological processes that 

contribute to wound failure in CD.  

 

2.7 Conclusions 

The rate for an unhealed perineal wound at 12 months following APER, 

preoctectomy and pouch excision was 23%. Significantly poorer healing took 

place in patients with pre-existing perineal sepsis, but no significant difference 

was found between patients with IBD or cancer. 
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CHAPTER 3 

THE ROLE OF IMMUNE CELL COMPOSITION AND 

HOMING PROFILES ON THE DEVELOPMENT OF 

CUTANEOUS WOUND FAILURE IN CROHN’S DISEASE 
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3.1 Introduction 

Failure of or delayed cutaneous wound healing has been observed in CD 

patients following surgery; a classical example of this aberrant process is 

illustrated in the development of an unhealed perineum following proctectomy 

in CD. 

The cause of this poor wound healing is unknown and is likely to reflect the 

underlying pathogenesis of CD and tissue-specific local factors. There is 

increasing evidence to suggest that microbial and immunological 

mechanisms play a role in the pathogenesis of CD in genetically 

susceptible patients (Tozer et al. 2009). Intestinal inflammation is thought 

to develop as a result of a dysregulated immune response to commensal 

bacteria leading to an overproduction of inflammatory cytokines and 

trafficking of effector lymphocytes into the intestine. Central to this theory, 

is the role of a class of antigen-presenting cells; the dendritic cells (DC) in 

the initiation of inflammation (Banchereau et al. 2000; Leithauser et al. 

2001; Stagg et al. 2003). 

DC act as the “commanders-in-chief” of the immune system. They are the 

only cells capable of inducing a primary immune response and they determine 

the development of an immunogenic or tolorogenic immune response (Mann 

et al. 2012a). Furthermore, another property of DC is their ability to imprint 

homing properties on effector cells, like T-Cells, that they stimulate in order to 

achieve tissue-specific immune responses (D. J. Campbell and Butcher 2002; 

Johansson-Lindbom et al. 2003; Mann et al. 2012a; Mora et al. 2003; Stagg et 

al. 2002). Naïve T-Cells generally only express homing receptors towards 
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lymphoid tissues, however upon antigenic stimulation, T-Cells are able to 

modulate and alter their pattern of receptor expression and acquire the 

capacity to migrate towards extralymphoid sites (Mann et al. 2012a; Masopust 

et al. 2001; von Andrian and Mackay 2000). 

The hypothesis of this study was that alterations in DC contribute to 

cutaneous wound failure in CD. In particular, altered immune cell phenotype, 

abnormal pattern of bacterial recognition by DC through TLR and altered 

migratory properties of DC and T-cells underlie the aberrant wound healing 

process in CD.  DC and T-cell subsets and homing profiles and TLR2 and 

TLR4 expression on DC in blood and wound tissue of patients with CD and 

controls were analysed.  

The initial aim of this study was to characterise wound DC, as this has not 

been previously identified. Two methods of cellular extraction from wound-

tissue were assessed, and analysis of the two modalities for identification of 

DC and T-cells and their associated homing profiles was performed. 

This study also aimed to determine the immune cell composition and 

differences in homing profiles of DC and T-cells from CD and (non-CD) 

control wound tissue and peripheral blood. Finally, data correlating to the type 

of T-cell response that is being generated i.e. inflammatory or regulatory, by 

examining the cytokine profile produced by the wound tissue was examined.  

This study also assessed any potential differences in DC function in CD and 

non-CD wounds, and in particular, identifying tissue homing properties of 

stimulated T-cells, imprinted by the DC.	  	  Previous studies in our department 

have demonstrated murine gut DC imprint a gut-specific homing profile on 
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stimulated T-cells (Stagg et al. 2002), human gut DC imprint a gut-homing 

phenotype on T-cells, skin DC imprint a skin-homing phenotype, whilst blood 

DC imprint multi-homing potential on T-cells (Mann et al. 2012a). Wound-

tissue DC imprinting tissue-specific homing phenotype on T-cells has not 

been previously investigated. 

 

3.2 Materials and Methods 

3.2.1 Patients 

 

Three groups of patients were recruited following informed consent (EC 

number 10/H0724/43): 

1. Patients with a diagnosis of Crohn’s disease (CD) made using a 

combination of clinical, radiological, endoscopic and histological 

parameters with a perineal or perianal cutaneous wound. 

2. Patients with no history or evidence of Inflammatory Bowel Disease 

(IBD), auto-immune disease or malignancy with a perineal or perianal 

cutaneous wound. 

3. Healthy volunteers with no evidence of IBD or malignancy without a 

perineal or perianal cutaneous wound. 

The CD patients recruited were on no active immunosuppressive treatment 

for their condition. 
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3.2.2 Materials 

 

3.2.2.1 Human blood samples 

 

Peripheral blood (10-50ml) was collected into heparinised Vacutainer tubes 

(BD Biosciences) following informed consent (EC number as above). Blood 

was from healthy controls, CD patients with a perineal wound or non-CD 

patients with a perineal wound. 

 

3.2.2.2 Human wound tissue samples 

 

Wound tissue samples were obtained following informed consent (EC number 

as above). The procedure was undertaken in an out-patient setting under 

aseptic conditions. Topical local anaesthetic spray was applied to the wound 

and between 3-5 biopsies using biopsy forceps were obtained from 

granulating tissue at the mid-point of the wound. Samples were stored in 

culture medium, placed in ice and transported immediately for processing. 

Wound tissue samples were taken from CD and non-CD patients with perineal 

wounds.  

 

3.2.2.3 Culture media 

 

Dutch modified RPMI (Roswell Park Memorial Institute) 1640 (Sigma-Aldrich, 

Dorset, UK) containing 100µml-1 penicillin/streptomycin, 2mM L-glutamine and 

10% foetal calf serum (FCS) was used for processing and culture of 

peripheral blood mononuclear cells (PBMC) and wound tissue.  
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3.2.2.4 Buffers 

	  
3.2.2.4.1 FACS buffer 

Phosphate-buffered saline (Sigma-Aldrich, Poole) supplemented with 2% 

FCS, 0.02% sodium azide and 1mM EDTA was used for antibody labeling 

and analysis of human cells by flow cytometry. 

 

3.2.2.4.2 MiniMACS buffer 

Phosphate-buffered saline supplemented with 0.5% bovine serum albumin 

(BSA) and 2mM EDTA (see below) was used for T-cell separation using 

magnetic cell separation columns. 

 

3.2.2.5 Reagents 

 

3.2.2.5.1 5-carboxyfluorescein diacetate succinimidyl ester (CFSE) 

CFSE (Invitrogen Ltd., UK) is a fluorescent cell staining dye and was used to 

fluorescently label human T-cells prior to co-culture with allogeneic DC. CFSE 

is incorporated into cells upon CFSE-labeling. CFSE was used in lymphocyte 

proliferation assays due to the progressive halving of CFSE fluorescence 

within daughter cells following each cell division.  

 

3.2.2.5.2 Chemoattractants 

Recombinant human CCL17-TARC (R&D systems, UK) is chemotactic for 

human cells or cell lines expressing the CCR17 ligand, CCR4, and was used 

in leucocyte migration assays.  

 

3.2.2.5.3 Ethylenediaminetetraacetic acid (EDTA) 
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EDTA (Sigma, Dorset) is a chelating agent; it chelates metal ions to prevent 

cell clustering. It was added to calcium- and magnesium-free Hank’s balanced 

salt solution (HBSS) to remove epithelial cells from wound tissue biopsies.  

 

3.2.2.5.4 Ficoll-Paque 

Ficoll-Paque (Amersham Biosciences, Chalfont St. Giles, UK) is a 

polysaccharide dissolved in an aqueous solution and creates a density 

gradient for separation of peripheral blood mononuclear cells (PBMC) from 

whole blood.  

 

3.2.2.5.5 Foetal calf serum (FCS) 

FCS (TCS cellworks, Buckingham, UK) was added to cell culture media to 

provide growth factors for cells. FCS also blocks non-specific binding during 

monoclonal antibody labeling.  

 

3.2.2.5.6 Hanks’ balanced salt solution (HBSS) 

Calcium- and magnesium-free HBSS (Gibco BRL, Paisley, Scotland) was 

used to wash tissue suspension from human colonic biopsies. 

 

3.2.2.5.7 Leucoperm A 

Cell fixative reagent used in intracellular cytokine staining of blood low-density 

cells enriched for DC (LDC) (Serotec, UK). 

 

3.2.2.5.8 Leucoperm B 

Cell permeabilisation agent used in intracellular cytokine staining of LDC 

(Serotec, UK). 
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3.2.2.5.9 NycoprepTM 

Nycoprep (Axis-Shield, Oslo) was used to create a density gradient to 

separate low density cells (LDC) from the non-adherent fraction of PBMC or 

cutaneous “walkout” cells following overnight culture. LDC were used as a 

source of DC for mixed leucocyte reactions (MLR) with T-cells and allogeneic 

DC.  

 

3.2.2.5.10 Paraformaldehyde (PFA) 

1% PFA (BDH chemicals, Poole) dissolved in PBS was used as a fixative for 

cells post antibody-labelling.  

 

3.2.2.5.11 Sodium azide  

Sodium azide (Sigma, MO, USA) is an inorganic compound that prevents 

capping and shedding of monoclonal antibodies used for flow cytometric 

analysis of cells. Sodium azide (0.02%) was one of the constituents of FACS 

buffer. 

 

3.2.2.5.12 Trypan blue   

Trypan blue (Sigma, Poole) is a diazo dye used to selectively colour dead 

cells and tissue. Live cells, or cells with intact cell membranes are not 

coloured; hence the dye exclusion method was used to count live cells. 

Trypan blue was used at a working concentration of 0.4%.  

 

 

 

 



	   81	  

3.2.2.6 Antibodies 

 

Antibodies with the following specificities and flurochrome labels were used 

Table 3.1). Isotype controls were obtained from the same manufacturer.  

 

Ab 
specificity 

Clone Conjugate Isotype Manufacturer 

 
CD1a 

 
MCA80F 

 
FITC 

 
mIgG2a 

 
Serotec 

 
CD1b 

 
M-T101 

 
FITC 

 
mIgG1 

BD 
Biosciences 

 
CD1c 

 
AD5-8E7 

 
PE 

 
mIgG2a 

Miltenyi 
Biotech 

 
CD1d 

 
CD1d42 

 
PE 

 
mIgG1 

BD 
Pharmingen 

 
CD11c 

 
KB90 

 
FITC 

 
mIgG1 

 
Dako 

 
CD11c 

 
B-ly6 

 
PE 

 
mIgG1 

BD 
Pharmingen 

 
HLA-DR 

 
G46-6 

 
FITC/APC 

 
mIgG2a 

BD 
Pharmingen 

 
CD40 

 
LOB7/6 

 
PE 

 
mIgG2a 

 
Serotec 

 
CD80 

 
L307.4 

 
FITC 

 
mIgG1 

BD 
Biosciences 

 
CD83 

 
HB15e 

 
PE 

 
mIgG1 

BD 
Biosciences 

 
CD86 

 
24F 

 
FITC 

 
mIgG1 

BD 
Biosciences 

 
CD207 

 
DCGM4 

 
PE 

 
mIgG1 

Beckman 
Coulter 

 
 
CD14 

 
 
RMO52 

 
 
PeCy5 

 
 
mIgG2a 

 
Beckman  
Coulter 

 
TLR-2 

 
TLR2.3 

 
FITC 

 
mIgG2a 

 
Serotec 

 
TLR-4 

 
HTA125 

 
FITC 

 
mIgG2a 

 
Serotec 

 
CD45RA 

 
HI100 

 
PeCy5 

 
mIgG2b 

BD 
Pharmigen 

 
CD45RO 

 
UCHL1 

 
PE 

 
mIgG2a 

BD 
Biosciences 

 
CD3 

 
SK7 

 
PerCPCy5.5 

 
mIgG1 

BD 
Biosciences 

 
CD3 

 
UCHT1 

 
PE/PeCy5/APC 

 
mIgG1 

BD 
Biosciences 
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CD4 

 
SK3 

 
PE 

 
mIgG1 

BD 
Biosciences 

 
CD8 

 
SK1 

 
FITC/APC 

 
mIgG1 

BD 
Biosciences 

 
CD8 

 
B9.11 

 
PeCy5 

 
mIgG1 

Beckman 
Coulter 

 
DC exclusion 
cocktail 

S4.1/TUK4/ 
3G8/SJ25-
CI/581 

 
 
PeCy5 

 
 
n/a 

 
 
Serotec 

 
CLA 

 
HECA-452 

 
Biotin/FITC 

 
rIgM 

BD 
Biosciences 

 
β7-integrin 

 
FIB504 

 
PE/PeCy5 

 
rIgG2a 

BD 
Pharmingen 

 
CCR7 

 
150503 

 
PE 

 
mIgG2a 

 
R&D systems 

 
CCR4 

 
205410 

 
APC 

 
mIgG2b 

 
R&D systems 

 
CCR9 

 
112509 

 
PE 

 
mIgG2a 

 
R&D systems 

 
CCR10 

 
314315 

 
APC 

 
rIgG2a 

 
R&D systems 

 
γδ-TCR 

 
11F2 

 
FITC/PE 

 
mIgG1 

BD 
Biosciences 

γδ-TCR 
(Vδ2) 

 
B6 

 
FITC 

 
mIgG1 

BD 
Biosciences 

 
CD28 

 
L293 

 
PE 

 
mIgG1 

BD 
Biosciences 

 
CD103 

 
Ber-ACT8 

 
FITC 

 
mIgG1 

BD 
Biosciences 

 
IL-10 

 
JES3-19F1 

 
APC 

 
rIgG1 

BD 
Biosciences 

IL-12 
(p40/p70) 

 
C11.5 

 
PE 

 
mIgG1 

BD 
Biosciences 

 
mIgG1 

 
X40 

 
FITC/PE 

 
n/a 

BD 
Biosciences 

 
mIgG1 

 
679.1Mc7 

 
PeCy5 

 
n/a 

Beckman 
Coulter 

 
mIgG2a 

 
X39 

 
FITC/APC 

 
n/a 

BD 
Biosciences 

 
mIgG2a 

 
G155-178 

 
PE/PeCy5 

 
n/a 

  
Pharmingen 

 
rIgG2a 

 
LODNP-16 

 
PE/PeCy5 

 
n/a 

Beckman 
Coulter 

 
rIgG2a 

 
54447 

 
APC 

 
n/a 

 
R&D systems 

 
mIgG2b 

 
133303 

 
PE/APC 

 
n/a 

 
R&D systems 

 
mIgG2b 

 
27-35 

 
PeCy5/APC 

 
n/a 

BD 
Pharmingen 

 
rIgM 

 
R4-22 

 
FITC/Biotin 

 
n/a 

BD 
Biosciences 
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Streptavidin 

 
(Streptavidin) 

 
PE/APC 

 
n/a 

BD 
Biosciences 

	  

Table 3.1 Monoclonal antibody list (Reproduced from Elizabeth R Mann, PhD thesis, 

2013)  

 

 

3.2.3 METHODS 

 

3.2.3.1 Flow cytometry 

 

Flow cytometry allows simultaneous multi-parametric analysis of the physical 

characteristics of thousands of cells per second, as they pass through one or 

more focused laser beams whilst in suspension. When a cell suspension is 

run through the cytometer, sheath fluid is used to hydrodynamically focus the 

cell suspension through a small nozzle. The tiny stream of fluid takes the cells 

past the laser light one cell at a time. As the cells pass through the beams, 

they disrupt and scatter light in two different planes; the degree of scatter in 

each plane is characteristic of the cells’ size (forward scatter/FSC) and 

granularity (side scatter/SSC). Monoclonal antibodies (mAb) conjugated to 

fluorescent dyes and attached to cells can be detected by colour specific 

detectors (channels) of the flow cytometer. The machine registers the 

fluorescence generated as cells pass through it, enabling analysis of 

phenotypic properties of the cells.   
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3.2.3.1.1 Antibody labelling 

Cells were washed into FACS buffer, centrifuged at 600g for 5 minutes and 

subsequently 15µl FCS was added to each FACS tube. A minimum of 5x104 

cells were used per FACS tube/antibody labelling. Cells were labelled on ice 

for 20 minutes with mAb, a method pre-determined in the laboratory 

specifically for DC antibody-labelling. Cells were then washed twice into 

FACS buffer, centrifuged at 600g for 5 minutes. For labelling with directly 

conjugated antibodies, cells were fixed at this point with 1% PFA. Fixed cells 

were stored in the refrigerator prior to acquisition on the flow cytometer, within 

48 hours.    

 

 

3.2.3.1.2 FACS analysis 

Data were acquired using a FACSCalibur flow cytometer using CellQuest 

software (Becton-Dickinson) for partial online compensation and generation of 

listmode data files. Total compensation and analysis of flow cytometry 

listmode data was carried out offline using WinListTM software (Verity 

Software House, Maine). DC constitute a small proportion of total leucocytes 

from peripheral blood and tissues; cells from different tissues emit different 

levels of innate/background autofluorescence. Therefore compensation was 

carried out separately for every individual experiment.  

 

Flow-count fluorospheresTM (20µl) were added to all samples. Unlabelled live 

cells during flow cytometry were gauged using the FSC versus SSC plot and 

were used to set the amperes and voltages on the machine, based on the 

cells’ background or auto-fluorescence.  For partial online compensation, a 
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region was drawn around the lymphocyte region on the FSC versus SSC plot, 

and the CD3+, CD4+ or CD8+ cells were analysed and the compensation 

settings adjusted on the flow cytometer.  Samples were then acquired and 

saved as listmode data files.  

 

3.2.3.1.3 WinList analysis 

i) Completion of compensation 

Compensation was completed offline using compensation toolbox on the 

WinListTM software program, using lymphocyte populations labelled with 

mAbs specific for T-cells. Each individual experiment had specific 

compensation settings, saved as compensation files.  

 

ii) Region gating and enhanced normalised subtraction 

To determine the proportion of cells expressing a surface marker of interest, 

fluorescence was compared to that of an isotype-matched control antibody.  

Two separate methods were used to achieve this.  

 

a) Region gating 

A region is drawn in reference to the isotype antibody staining; any 

fluorescence detected outside this region (beyond the distribution of the 

isotype staining) were regarded as positively labelled cells (Figure 3.1). The 

WinListTM software calculates the proportion of cells in any given region 

relative to that cell population. In this manner, regions can be drawn on single 

parameter histograms and double parameter dot plots, representing positive 

and negative cell populations, e.g. CD11c+ and CD11c- DC, for mDC and pDC 

populations respectively (Figure 3.1). 



	   86	  

 

    

 

 

 

 

 

b) Enhanced normalised subtraction 

WinListTM is also able to subtract the normal cumulative histogram for isotype 

control staining from a histogram of staining with a test antibody using the 

superenhanced Dmax (SED) normalised subtraction (Figure 3.2). The level of 

staining in this case was quantified as an intensity ratio (IR). The IR was 

calculated as the ratio of the linearized mean fluorescence of the positive cells 

defined by SED subtraction to the linearized mean fluorescence of the total 

population stained with isotype-matched control antibody.  

 

Figure 3.1 Flow cytometry plots identifying myeloid and plasmacytoid DC from 

peripheral blood. DC were analysed for expression of CD11c. Myeloid and 

plasmacytoid DC populations were identified by comparison of CD11c expression 

to an isotype-matched control (mouse IgG1) to create CD11c+ (red) and CD11c- 

(grey) regions (Reproduced from Elizabeth R Mann, PhD thesis, 2013)     
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In this manner, total, accurate proportions of cells expressing a marker of 

interest can be determined when positive region of the test antibody 

histogram overlaps with the isotype control e.g. β7 integrin staining on human 

blood T-cells (Figure 3.3). 

 

      

 

 

 

 
 

Figure 3.2 Flow cytometry plots demonstrating CLA expression by peripheral 

blood DC. The isotype-matched control histogram (rat IgM) was subtracted from 

the histogram representing CLA staining, leaving 86% of blood DC positive for 

CLA expression (Reproduced from Elizabeth R Mann, PhD thesis, 2013) 

Fig.3.3 Flow cytometry plots demonstrating β7 integrin expression by 

peripheral blood T-cells. The isotype-matched control histogram (rat IgG2a) 

was subtracted from the histogram representing β7 integrin staining, and a 

“positive region” was set up in reference to the isotope antibody, 

demonstrating these two methods of determining β7 expression on blood T-

cells. Reproduced from Elizabeth R Mann, PhD thesis, 2013 
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This method was used as preference for single parameter analysis of cell 

surface expression of a marker of interest. However, the region gating method 

was used for gating on cell populations of interest for further analysis of 

surface marker expression e.g. CD11c+ and CD11c- DC populations (figure 

2.1.1). The region gating method was also used for multiple parameter 

analysis; positive and negative “gates” were set up, determined by reference 

to staining with isotype-matched control antibodies.  

 

3.2.3.1.4 DC analysis 

DC were identified from a plot of HLA-DR versus lineage cocktail (lin) staining. 

Lineage cocktail (also known as DC exclusion cocktail) includes specific mAb 

labels for CD3, CD14, CD16, CD19 and CD34 against cells of unwanted 

lineages (T-cells, monocytes, macrophages, granulocytes, NK-cells, B-cells 

and stem cells). DC were identified as HLA-DR+lin-/dim cells (Fig 3.4) 

 

Fig 3.4. Identification of wound-tissue DC I) Identification of viable cells according to 

FACS plot of forward and side scatter. Cell debris, red blood cells and platelets were 

excluded II) Identification of DC defined as lineage cocktail-HLA-DR+ cells wound.  

 

3.2.3.1.5 T-cell analysis 

T-cells were identified from a single parameter histogram of CD3 expression, 

gated on lymphocytes, as CD3+ lymphocytes.   



 

 

Fig.3.5 Identification of wound-tissue T-cells. I) Identification of viable lymphocytes 

according to FACS plot of forward scatter and side scatter. Other PBMC, cell debris, 

red blood cells and platelets were excluded. II) Identification of T-cells as CD3+ 

lymphocytes.  
 

 

3.2.3.2  Blood dendritic cells and T-cells 

 

PBMC were obtained by centrifugation of human peripheral blood over Ficoll-

Paque Plus at 650g, for 30min at room temperature (RT) and harvesting the 

buffy coat layer from the interface. The PBMC were washed twice in complete 

medium by centrifugation at 650g for 5 minutes. For phenotypic analysis only, 

cells were then antibody labelled and analysed by flow cytometry (see section 

2.2.12). DC were identified as viable HLA-DR+DC lineage/exclusion cocktail 

(lin)- cells from the PBMC population. T-cells were identified as CD3+ 

lymphocytes from the PBMC population. 
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3.2.3.3 Wound tissue dendritic cells and T-cells 

 

Samples were removed from the transport medium using sterile forceps and 

processed within a level 1 fume hood.  The samples were washed in complete 

medium to remove blood and debris. The samples were cut into 

approximately 10 pieces of 2mm3 specimens using a scalpel blade. One 

sample was placed in a FACS test-tube with 1ml of culture medium for 

subsequent multiplex analysis. The remaining samples were then processed 

using two cell acquisition methods; “walk-out” and collagenase. One or two of 

these pieces were then placed in a test tube for subsequent freezing and 

multiplex analysis. The other samples were placed in a single well of a 24 well 

plate and incubated overnight at 37°C with 5% CO2 in 1ml of complete 

medium. 

 

3.2.3.3.1 Walk-out 

The dry weight of the tissue sample was obtained by subtracting the weight of 

the petri dish from the weight of the tissue sample in the petri dish. 

Subsequently the samples were placed in a 24 well plate with 1ml of culture 

medium and incubated overnight at 37oC with 5% CO2. In this method, cells 

spontaneously migrate out of the tissue during incubation. “Walkout” cells for 

phenotypic analysis were antibody-labelled and analysed by flow cytometry. 

DC were identified as HLA-DR+lin- cells and T-cells were identified as CD3+ 

lymphocytes. 
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3.2.3.3.2 Collagenase  

Dry weights of wound tissue were measured by the processes as described 

above. 5 mls of Collagenase was added to 45 mls of Dutch modified RPMI 

1640 (Sigma-Aldrich, Dorset, UK). Half of this volume was then transferred to 

a culture flask. The tissue samples were added to the flask and placed in an 

incubator shaker for up to 6 hours upon evidence of digestion. Cells were then 

analysed using flow cytometry. DC were identified as HLA-DR+lin- cells and T-

cells were identified as CD3+ lymphocytes. 

  

3.2.3.4 Enrichment of dendritic cells 

 

3.2.3.4.1 Low density cells (LDC) 

PBMC were incubated for 24 hours at 37ºC, 5% CO2 and high humidity in 

complete medium at 4x106/ml in T25 tissue culture flasks. Non-adherent cells 

from the overnight cultures were centrifuged (600g, 15 minutes at RT) over 

NycoprepTM to create a density gradient. LDC were recovered from the 

interface and washed twice into complete medium (650g, 5 minutes). Wound 

tissue “walkout” cells were also enriched for DC when used in a MLR with 

peripheral T-cells from another healthy donor by the same method.  

 

3.2.3.4.2 Monocyte-derived DC (MoDC) 

PBMC were suspended in 0.5ml miniMACs buffer and labelled with anti-CD14 

immuno-magnetic beads (30µl) following manufacturer’s instructions. Cells 

were incubated for 20 minutes on ice and then washed into miniMACs buffer. 

The cells were then run on MD magnetic columns using midiMACs apparatus, 

and those retained on the column were collected as monocytes. Monocytes 



	   92	  

were washed twice into complete medium (650g, 5 minutes) and incubated for 

5 days in 24-well flat-bottomed culture plates (5x105/well) with 0.1µg/ml 

granulocyte-macrophage colony-stimulating factor (GM-CSF) (Peprotech, 

New Jersey, US) and 50 units/ml interleukin-4 (IL-4) (Peprotech, New Jersey, 

US). On the 4th day of culture, 0.1µg/ml GM-CSF and 50 units/ml IL-4 were 

added to the cells. Cells were recovered on day 5 and identified, analysed 

and quantified by flow cytometry.  

 

3.2.3.5 Enrichment of blood T-cells 

 

PBMC were suspended in 0.5ml miniMACs buffer and labelled with anti-

CD14, anti-CD19 and anti-HLA-DR immuno-magnetic beads (30µl each) 

following manufacturer’s instructions. Cells were incubated for 20 minutes on 

ice and then washed into miniMACs buffer. The cells were then run on LD 

magnetic columns using midiMACs apparatus, and those not retained on the 

column were retained were collected as T-cells. 

 

3.2.3.6 Proliferation assays 

 

T-cells were washed twice into PBS (600g, 5 minutes) and then re-suspended 

at 2x107/ml in PBS. T-cells (3ml volume) were gently mixed with 3ml 10µM 

CFSE and incubated for 3 minutes at RT with occasional mixing. The reaction 

was quenched by addition of 1 volume of sterile FCS and the cells were 

washed twice into complete medium (600g, 5 minutes). CFSE-labelled T-cells 

(4x105/well) were incubated for 5 days in U-bottomed 96 well microtitre plates 

with enriched allogeneic DC at 0%, 1%, 2% or 3% in a MLR. Cells were 
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recovered following a 5-day MLR and CFSElo proliferating cells were 

identified, analysed and quantified by flow cytometry. 

 

3.2.3.7 Mixed leucocyte reaction  

A mixed leucocyte reaction (MLR) was used to assess DC function; this term 

is used to describe co-culture of antigen presenting cells (such as DC) with 

responder cells (such as T-cells) (Steinman and Witmer 1978). MLRs are 

used to analyse DC stimulation of T-cells upon a 5-day culture.  

T-cell stimulation is measured in terms of proliferation of T-cells. T-cells are 

initially separated from PBMC via depletion of HLA-DR (removal of DC, B-

Cells, macrophages and monocytes), CD14 (macrophages and monocytes) 

and CD19 (B-Cells).   Prior to culture with DC, T-cells are labelled with the 

fluorescent dye carboxyfluorescein diacetate succinimidyl ester (CFSE). Non-

dividing T-Cells emit high level of fluorescence, whereas dividing T-cells emit 

a lower level (Fig. 3.6). These T-cells can be identified and phenotyped by 

flow-cytometry. Furthermore, assessment of the cytokine profile produced by 

the stimulated T-cells can also be assessed, thereby indicating the type of T-

cell response that is being generated i.e. inflammatory (IFNγ, IL-17, IL-6) or 

regulatory (IL-10, TGFβ). 



Fig.3.6. Analysis of T-cell Proliferation. T-Cells are labelled with fluorescent dye, 

CFSE; non-dividing T-cells emit high level of fluorescence, whereas dividing T-Cells 

emit low levels. The amount of T-cell stimulation can be measured via the proportion 

of dividing T-cells.  

 

 

3.2.3.8 Statistical analysis  

 

Statistical analyses were carried out using GraphPad Prism (GraphPad 

Software Inc.) Pooled data are expressed as mean values ± standard error. A 

One-way ANOVA or T-tests or paired T-tests were employed to compare 

distributed data. P<0.05 was considered significant. 
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3.3 Results 

3.3.1 Collagenase tissue digestion vs “Walk-out” method for cellular 

extraction from wound-tissue. 

As part of methodological development, the applicability of the collagenase 

tissue digestion (CTD) and the “walk-out” methods in cellular extraction from 

wound tissue was assessed. Wound-tissue samples from five patients with 

perineal wounds were obtained and samples were analysed by both methods. 

Following extraction, cells were phenotyped for DC, T-cells and skin (CLA) 

and gut-homing (B7) profiles on DC and T-Cells.  

 

3.3.1.2 Dendritic Cell identification and differences in homing 

profiles 

DC were successfully identified in all wound-tissue samples using CTD and 

“walk-out” methods. 

In order to identify and characterize wound-tissue DC, CTD and walk-out 

tissues were labeled with monoclonal antibodies (mAb) to identify DC 

populations by multi-colour flow cytometry. DC were successfully identified 

within the viable cell gate as being lineage cocktail (CD3, CD14, CD16, CD19, 

CD34) negative and HLA-DR positive. In both methods, DC populations were 

identified; however, this population appeared more uniformly distributed and 

prominent in the “walk-out” method compared with CTD method (Fig.3.7).  
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Having successfully identified DC populations, the expression of skin (CLA) 

and gut-homing (β7) specific tissue-homing molecules on DC in wound tissue 

utilizing the collagenase and walk-out methods of cell extraction was 

investigated. There was a similar homing-profile expression on DC between 

the two methods. (Fig.3.8) 

 

Fig.3.7. Identification of wound-tissue DC utilizing collagenase tissue digestion (CTD) 

method (A) and “walk-out” method (B). I) Identification of viable cells according to 

FACS plot of forward and side scatter. Cell debris, red blood cells and platelets were 

excluded II) Identification of DC defined as lineage cocktail-HLA-DR+ cells. Data is 

representative from a wound-tissue sample from a control patient with a perineal 

wound.  



 

Fig. 3.8 Summary graphs demonstrating expression of a) CLA and b) β7 ligand on 

DC in wounds using the collagenase tissue digestion (CTD) and ‘Walk-out” method 

of cellular extraction in paired samples (n=5). Paired t-test was applied. P< 0.05 was 

considered statistically significant (ns; not significant). 

 

3.3.1.3 T-cell identification and differences in homing-profiles 

T-cells were successfully identified in all wound-tissue samples using CTD 

and “walk-out” methods. 

CDT and “walk-out” tissue T-cells were identified by flow cytometry as CD3+ 

lymphocytes (Fig 3.9). T-cells were again successfully identified using both 

cellular extraction methods. Furthermore, there was no significant difference 

in CLA and B7 expression on T-cells between the two cellular-extraction 

methods (Fig.3.10). 

Collagenase Walk-Out
0

20

40

60

80

100

Cell extraction Method

ns
Ex

pr
es

si
on

 (%
)

Collagenase Walk-Out
0

20

40

60

80

100

Cell extraction Method

Ex
pr

es
si

on
 (%

)

ns
a) b)



	   98	  

 

Fig.3.9 Identification of wound-tissue T-cells utilizing the collagenase tissue digestion 

(CDT) method (A) and “walk-out” method (B) .I) Identification of viable lymphocytes 

according to FACS plot of forward scatter and side scatter. Other PBMC, cell debris, 

red blood cells and platelets were excluded. II) Identification of T-cells as CD3+ 

lymphocytes. Data is representative from a wound-tissue sample from a CD patient 

with a perineal wound. 
 



Fig. 3.10 Summary graphs demonstrating expression of a) CLA and b) β7 ligand on 

T-cells in wounds using the collagenase tissue digestion (CTD) and ‘Walk-out” 

methods of cellular extraction (n=5). Paired t-test was applied. P value below 0.05 

was considered statistically significant (ns; not significant). 

 

These results indicate that both methods can be utilized in immune 

phenotyping from wound-tissue. For the purpose of this study, all remaining 

tissue experiments were performed using the “walk-out” method of cellular 

extraction, primarily due to the more uniform distribution of DC population. 

 

3.3.2 Identification of Dendritic Cells 

DC were successfully identified in all blood and wound-tissue samples. 

PBMC and walk-out tissues were labelled with monoclonal antibodies (mAb) 

to identify DC populations and molecules characteristic of DC subsets by 

multi-colour flow cytometry. DC were successfully identified within the viable 

cell gate as being lineage cocktail (CD3, CD14, CD16, CD19, CD34) negative 

and HLA-DR positive. The DC “gate” was then used to create a one-

parameter histogram of CD11c expression to identify myeloid (CD11c+) and 
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plasmacytoid (CD11c-) DC populations. Backgating using WinListTM software 

demonstrated where the mDC (grey) and pDC (black) DC appear within the 

DC gate and the viable cell gate (Fig. 3.11). 

 

 

Fig.3.11 Identification of human peripheral blood (A) and wound-tissue (B) DC. I) 

Identification of viable cells according to FACS plot of forward and side scatter. Cell 

debris, red blood cells and platelets were excluded II) Identification of DC defined as 

lineage cocktail-HLA-DR+ cells III) CD11c histogram to identify CD11c+ (grey) and 

CD11c- (black) DC. Regions were created using isotype-matched controls. Data is 

representative from a blood sample (A) and wound tissue sample (B) from a control 

patient with a perineal wound.  

 



3.3.2.1 Analysis of dendritic cell subsets 

Wound tissue and blood DC have an equal distribution of myeloid and 

plasmacytoid phenotype. 

Myeloid DCs were identified in peripheral blood and wound-tissue as a 

CD11C+ HLA-DR+ Lineage - (Fig 3.11). Plasmacytoid DCs were identified as 

CD11C- DCs. Analysis in peripheral blood (n=7) revealed CD11c+ expression 

of 49.4% ± 7.8 in patients with CD wounds compared with expression of 

55.6% ± 8.9 in controls (p=0.6) (Fig. 3.12A). In wound-tissue, CD11c+ 

expression of 76.51% ± 6.4 was found in CD wounds (n=4) compared with 

expression of 78.52% ± 3.6 in control wounds (n=3) (p= 0.8) (Fig. 3.12B). 

These results suggest that wound tissue and blood DC have a equal 

distribution of myeloid and plasmacytoid phenotypes.   

 

Fig. 3.12. Summary of DC subsets in peripheral blood (A) and wound-tissue (B) from 

CD and control patients with wounds. Data represents the mean ± SEM.  CD11C+; 

Myeloid DC’s. CD11C-; Plasmacytoid DC’s. P< 0.05 was considered statistically 

significant (ns; not significant). 

 

0

20

40

60

80

100

 CD11C+

CD(n=4)
Control(n=3)

CD11C-

p = ns
B

E
xp

re
ss

io
n 

(%
)

0

20

40

60

80

 CD11c+

CD(n=7)
Control(n=7)

CD11c-

E
xp

re
ss

io
n 

(%
)

p = ns

A



	   102	  

3.3.2.2 Homing Markers on DC 

Expression of skin-homing marker CLA was significantly reduced on DC from 

CD wound tissue compared with control wound tissue.  

Expression of specific tissue-homing molecules on DC in peripheral blood and 

wound-tissue from CD and control patients with perineal wounds, in particular 

skin (CLA) and gut-homing (B7) markers were investigated. DC were 

identified as HLA-DR+, lineage- cells by flow cytometry. The DC gate was then 

used to create a one-parameter histogram representing CLA and staining and 

their corresponding isotype-matched control histogram (Rat IgM and Rat 

IgG2a respectively). Using WinListTM, the isotype-matched control histogram 

was subtracted from the histograms representing CLA and B7 staining to give 

homing profile expressions (Fig.3.13).  

DC in peripheral blood from patients with CD wounds and control wounds 

expressed both CLA and β7; however there was no significant difference 

between the two groups (CLA; CD 59.4% ± 11.7 vs. Control 73.4% ± 7.7 

p=0.34. β7; CD 67.5% ± 10.4 vs. Control 75.2 ± 3.7, n=6) (Fig 3.14A). In 

contrast, DC in wound tissue from patients with CD wounds expressed 

significantly lower skin-homing marker CLA compared with control wounds 

(CD 48.25% ± 8.2, n=8 vs. Control 69.88% ± 4.7, n=7 p=0.045) (Fig 3.14B). 

There was no significant difference between the two groups in expression of 

gut-homing marker β7 (CD 41.45% ± 8.9, n=8 vs. 42.44 ± 12.6, n=7). 

 

 



 

Fig. 3.13. Flow cytometry plots demonstrating CLA and B7 expression on peripheral 

blood DC.  a) Identification of viable cells according to FACS plot of forward and side 

scatter. Cell debris, red blood cells and platelets were excluded b) Identification of 

DC defined as lineage cocktail-HLA-DR+ cells. c) CLA isotype-matched control (Rat 

IgM) expression d) CLA expression ; the isotype-matched control histogram was 

subtracted from the histogram representing CLA staining e) B7 isotype-matched 

control (Rat IgG2a) expression d) B7 expression ; the isotype-matched control 

histogram was subtracted from the histogram representing B7 staining. Data is 

representative from a peripheral blood sample from a control patient with a wound.  

 

Fig.3.14. Summary of CLA and β7 expression on DC from peripheral blood (A) and 

wound tissue (B) from CD and control patients with wounds. Data represents the 

mean ± SEM. CLA; Cutaneous Lymphocyte Antigen. β7; Beta-7 integrin. P value 

below 0.05 was considered statistically significant (*P<0.05, ns; not significant)  
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There is reduced expression of lymph-node homing markers in blood DC from 

CD patients with wound compared with blood DC from control wounds. 

Chemokine receptor expression on DC was obtained using a similar method 

of subtraction of isotype-matched control histograms from histograms 

representing chemokine receptors. CCR4 and CCR10 are skin homing 

markers, CCR7 a Lymph-node homing marker and CCR9 a gut-homing 

marker.  

In blood, there was no significant difference in chemokine receptor expression 

CCR4, CCR9, and CCR10 on DC.  However, there was reduced expression 

of CCR7 on DC in peripheral blood from patients with CD wounds compared 

with control wounds (CD 8.1% ± 3.4 vs. 28% ± 5.81, p= 0.03) (Fig. 3.15). This 

reduced expression of CCR7 appears to be a similar finding in CD wound 

tissue, however the results did not quite reach significance (CD 4.9% ± 1.6 vs. 

23.5% ± 6.3, p= 0.07) (Fig.3.16).     
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Fig. 3.15 FACS histograms demonstrating expression of CCR4, CCR7, CCR9 and 

CCR10 on blood DC from CD and control patients with wounds. Data represents 

proportion (mean ± SEM) of positive DC. Histograms are representative of 

independent experiments (n=4) and were compared to isotype-matched controls. P< 

0.05 was considered statistically significant (*P < 0·05, ns; not significant) 

 

Fig. 3.16 FACS histograms demonstrating expression of CCR4, CCR7, CCR9 and 

CCR10 on wound-tissue DC from CD and control patients with wounds. Data 

represents proportion (mean ± SEM) of positive DC. Histograms are representative 

of independent experiments (CD; n=4, control n=3) and were compared to isotype-

matched controls. P<0.05 was considered statistically significant (ns; not significant) 
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3.3.2.3 TLR 2 and TLR 4 expression on DC 

 

There is increased expression of TLR2 on myeloid DC in blood and wound-

tissue compared to plasmacytoid DC 

 

TLR2 and TLR4 expression on DC in peripheral blood and wound-tissue from 

CD and control patients with wounds were investigated. DC were identified as 

HLA-DR+, lineage- cells by flow cytometry. The DC gate was then used to 

create a one-parameter histogram representing TLR 2 and TLR 4 staining and 

their corresponding isotype-matched control histogram (Mouse IgG2a). Using 

WinListTM, the isotype-matched control histogram was subtracted from the 

histograms representing TLR2 and TLR4 expression on DC. An example of 

this method used to quantify labeling with anti-TLR antibodies is shown in Fig. 

3.17.  

 

There was no significant difference in TLR2 and TLR4 expression on total DC 

and DC subsets in blood or wound-tissue from CD patients with wounds 

compared with control patients with wounds (Figs. 3.18 and 3.19).  

In assessing any differences in TLR expression between DC subsets, the 

results indicated that there was a significantly higher expression of TLR2 on 

myeloid DC compared to plasmacytoid in peripheral blood in both CD wounds 

(80.8% ± 6.7 vs. 25.2% ± 12.7, n=3 p=0.02) and control wounds (61.4% ± 7.9 

vs. 7.8% ± 6.6, n=5, p=0.0008) (Fig 3.20A). In wound-tissue, TLR2 was 

expressed on myeloid DC in CD and control wounds but not expressed on 

plasmacytoid DC.  
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There was no significant difference in TLR4 expression on blood DC subsets 

in CD wounds (CD11C+; 52.1% ± 21.3, CD11C-; 13.9% ± 13.6, n=3, p=0.2) 

(Fig. 3.21). However, in peripheral blood from control wounds, there was no 

TLR4 expression on plasmacytoid DC (CD11C+; 59.3% ± 11.6, CD11C-; 

0.4% ± 0.4%, n=5, p= 0009). In wound-tissue, there was no significant 

difference in TLR4 expression on CD subsets in CD wounds (CD11C+; 53.2% 

± 24.3, CD11C-; 2.0 ± 2.0, n=3, p=0.1) and control wounds (CD11C=; 38.3 ± 

18.5, CD11C-; 11.4% ± 7.9, n=3, p=0.3).  

 

 

Fig. 3.17 Expression of TLR2 on blood DC in a CD patient with a wound. A) FACS 

histograms demonstrating expression of TLR2 on total DC on blood from CD patient. 

B) FACS histograms demonstrating TLR2 expression on myeloid (CD11c+) and 

plasmacytoid (CD11c-) DC on blood.  The proportion of TLR2-positive DC were 

determined by subtracting normalized cumulative histograms of labeling with the 

control antibody from similar histograms of labeling with anti-TLR2.  

 



 

 

Fig. 3.18 Proportion of total DC, myeloid DC (CD11C+) and plasmacytoid DC 

(CD11C-) staining positive for TLR2 in blood (A) and wound-tissue (B) from CD and 

control patients with wounds (A; CD n=3, Control n=5. B; n=3) P < 0.05 was 

considered statistically significant (ns; not significant) 
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Fig. 3.19 Proportion of total DC, myeloid DC (CD11C+) and plasmacytoid DC 

(CD11C-) staining positive for TLR4 in blood (A) and wound tissue (B) from CD and 

control patients with wounds (A; CD n=3, Control n=5. B; n=3). P < 0.05 was 

considered statistically significant (ns; not significant) 
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Fig.3.20 Expression of TLR2 on DC subsets (CD11C+; myeloid, CD11C-; 

plasmacytoid) in peripheral blood (A) and wound tissue (B) in CD and control 

patients with wounds. P < 0.05 was considered statistically significant (*p,0.05, 

***p<0.0001, ns; not significant) 
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Fig.3.21 Expression of TLR4 on DC subsets (CD11C+; myeloid, CD11C-; 

plasmacytoid) in peripheral blood (A) and wound tissue (B) in CD and control 

patients with wounds. P < 0.05 was considered statistically significant (***p<0.0001, 

ns; not significant) 
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3.3.3 Identification of T-cells and T-cell subsets  

 

There was no significant difference in T-cell subset expression in whole blood 

and wound-tissue of CD patients with wounds compared to control wounds. 

 

Human circulating T-cells were identified by flow cytometry as CD3+ 

lymphocytes (Fig. 3.22). αβ T-cells were identified as CD3+ lymphocytes 

expressing a αβ TCR (Fig. 3.23b) and γδ T-cells were identified as CD3+ 

lymphocytes expressing a γδ TCR (Fig.3.23c). Analysis on whole blood (n=6) 

revealed αβ CD3+ of 94.2% ± 2.4 in patients with CD wounds compared to 

95.6% ± 1.6 in controls (p=0.67). Expression of γδ CD3+ cells was 4.7% ± 1.9 

in CD wounds compared to 4.5% ± 1.1 in control wounds (Fig. 3.24A). 

Analysis on wound-tissue (n=6) revealed αβ CD3+ of 94.5% ± 1.6 in patients 

with CD wounds compared to 95.4% ± 1.4 in controls (p=0.7). Expression of 

γδ CD3+ cells was 6.1% ± 1.4 in CD wounds compared to 3.9% ± 1.1 in 

control wounds (Fig. 3.24B). 
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Fig.3.22.  Identification of human peripheral blood (A) and wound-tissue (B) T-cells. 

I) Identification of viable lymphocytes according to FACS plot of forward scatter and 

side scatter. Other PBMC, cell debris, red blood cells and platelets were excluded. II) 

Identification of T-cells as CD3+ lymphocytes. Analysis on wound-tissue (B) resulted 

in a consistent third spike within the histogram, which correlated to CD3+ 

lymphocyte. Graph is representative of a CD patient with a perineal wound. 

 

 

 

 



 

Fig. 3.23. Identification of human peripheral blood αβ and γδ T-cells. a) Identification 

of T-cells as CD3+ lymphocytes. b) αβ TCR histogram to identify T-cells expressing a 

αβ TCR (αβ T-cells). c) γδ TCR histogram to identify T-cells expressing a γδ TCR (γδ 

T-cells). Graph is representative of a CD patient with a perineal wound.  

 

 

 

 

Fig.3.24. Expression of αβ and γδ CD3+ in peripheral blood (A) and wound-tissue 

(B) from CD patients with wounds and control wounds.  Data represents the mean ± 

SEM. CD3+; T-cells. P < 0.05 was considered statistically significant (ns; not 

significant)  
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T-cells were further characterized by analysing the expression of ‘memory 

marker’ CD45RO on T-cells in peripheral blood and wound-tissue (Fig. 3.25) 

and assessing for any differences in the two groups of patients. In peripheral 

blood from patients with CD wounds, expression of CD45RO on T-cells was 

78% ± 8.6 compared with 60.3% ± 7.0 in peripheral blood from control 

wounds (n=6, p=0.1) (Fig. 3.26A). CD45RA is a marker of naïve and was 

analysed to confirm expression of CD45RO- CD3+ cells. CD45RA expression 

in whole blood from CD wounds (n=3) was 30.1% ± 8.7 compared with 38.9% 

± 12.2 in control wounds (n=4) (p=0.6) (Fig 3.26B). In wound-tissue, 

expression of CD45RO on T-cells in CD patients with wounds was 81.6% ± 

4.9 compared with 75.9% ± 5.0 (n=6, p=0.4) (Fig 3.26C) 

 

Fig. 3.25. Identification of memory T-cells in peripheral blood. a) Identification of T-

cells as CD3+ lymphocytes. b) CD45RO isotype-matched control expression. c) 

CD45RO expression; the isotype-matched control histogram was subtracted from the 

histogram representing CD45RO. Graph is representative from a peripheral blood 

sample from a CD patient with wound.  

 

 



Fig. 3.26 Expression of memory marker CD45RO (A) and naïve T-cell marker 

CD45RA (B) on peripheral blood T-cells in CD and control patients with wounds. 

Expression of memory marker CD45RO on T-cells in wound-tissue (C) from CD and 

control wounds. Data represents the mean ± SEM. CD45R0; Memory T-cell marker, 

CD45RA; naïve T-cell marker. P < 0.05 was considered statistically significant (ns; 

not significant).  

 

Differences in memory marker CD45RO expression in T-cell subsets from 

peripheral blood and wound-tissue from the two groups was also assessed. 

αβ T-Cell expression of CD45RO in peripheral blood (Fig 3.27A) of CD 

wounds was 79.4% ± 11.4 compared with 59.6% ± 8.6 in control wounds 

(n=5, p=0.2). γδ T-Cell expression of CD45RO in peripheral blood (Fig 3.28A) 

of CD wounds was 87.1% ± 3.7 compared with 73.9% ± 11.3 in control 

wounds (n=5, p=0.3). 

 

In wound-tissue, there was no significant difference in CD45RO expression on 
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not quite reached significance (CD; 75.7 ± 6.3, control; 47.7 ± 8.4, n=3, p= 

0.057) (Fig. 3.28B). 

 

 

Fig. 3.27. Expression of memory marker CD45RO on peripheral blood (A) and 

wound-tissue (B) αβ T-cells in CD and control patients with wounds. Data represents 

the mean ± SEM. CD45R0; Memory T-cell marker, P < 0.05 was considered 

statistically significant (ns; not significant). 

 

Fig 3.28. Expression of memory marker CD45RO on peripheral blood (A) and 

wound-tissue (B) γδ T-cells in CD and control patients with wounds. Data represents 

the mean ± SEM. CD45R0; Memory T-cell marker, P < 0.05 was considered 

statistically significant (+ p=0.057, ns; not significant). 
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Preliminary studies investigating any differences in expression of activation 

markers in circulating T-cells between the two groups was performed. CD28 is 

expressed on T-cells and provides co-stimulatory signals required for T-cell 

activation. All T-cells expressed CD28; however, there was no significant 

difference in CD28 expression on T-cells in peripheral blood from CD wounds 

compared with control wounds (CD 68.3% ± 14.5 vs Control 73.1% ± 8.5, 

n=3, p= 0.79) (Fig. 3.29) 

 

 

Fig. 3.29. Expression of activation marker CD28 on T-cells from peripheral blood in 

CD and control wounds. Data represents the mean ± SEM. CD28; T-cell activation 

marker. P < 0.05 was considered statistically significant (ns; not significant). 
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3.3.3.1 Homing markers on T-cells 

T-cells in whole blood from patients with CD and control wounds expressed 

higher levels of gut-homing molecule (β7) then skin-homing molecule (CLA) 

Skin and gut-homing molecules on T-cells in peripheral blood and wound 

tissue from patients with CD and control wounds were investigated. T-cells 

were identified as CD3+ lymphocytes by flow cytometry. The CD3+ gate was 

then used to create a one-parameter histogram representing CLA and 

staining and their corresponding isotype-matched control histogram (Rat IgM 

and Rat IgG2a respectively). Using WinListTM, the isotype-matched control 

histogram was subtracted from the histograms representing CLA and B7 

staining to give homing profile expressions (Fig.3.30).  

Peripheral blood and wound-tissue DC expressed both skin-homing and gut-

homing markers. There was no significant difference in expression of homing-

marker profiles in either peripheral blood or wound-tissue between CD and 

control wounds (Fig 3.31). However, interestingly, wound-tissue T-cells 

express higher levels of CLA compared with peripheral blood T-cells (CD; 

26.1% ± 8.2 vs. 8.3% ± 3.1, n=8, p=0.076. Control; 25 %± 5.9 vs 7.6% ± 2.3, 

n=8, p=0.02) (Fig 3.32A and B). Conversely, blood T-cells expressed higher 

levels of gut-homing marker B7 compared with wound tissue (CD; 71% ± 1.6 

vs. 36.8% ± 6.2, n=8, p=0.0002. Control; 67.9% ± 3.1 vs. 39.0% ± 9.1, n=8, 

p=0.002) (Fig 3.32C and D). 

 



 

Fig. 3.30 Flow cytometry plots demonstrating CLA and B7 expression on wound-

tissue T-cells a) Identification of viable lymphocytes according to FACS plot of 

forward and side scatter. Cell debris, red blood cells and platelets were excluded b) 

Identification of T-cells as CD3+ lymphocytes c) CLA isotype-matched control (Rat 

IgM) expression d) CLA expression; the isotype-matched control histogram was 

subtracted from the histogram representing CLA staining e) B7 isotype-matched 

control (Rat IgG2a) expression f) B7 expression; the isotype-matched control 

histogram was subtracted from the histogram representing B7 staining. Data is 

representative from a wound-tissue sample from a CD patient with a wound.  

 



 

 

Fig. 3.32 Expression of homing-markers on T-Cells in wound-tissue and blood 

samples. A) CLA expression on total T-cells in CD group. B) CLA expression on total 

T-cells in control group. C) B7 expression on total T-cells in CD group. D) B7 

expression on total T-cells in control group. n=7 wound-tissue samples, n=8 

peripheral blood samples. t-test applied. P < 0.05 was considered statistically 

significant (* p<0.05, *** p<0.001, ++ p=0.076, ns; not significant).  
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Fig. 3.31 CLA and β7 expression on T-cells from peripheral blood (A) and wound-

tissue (B) in CD and control wounds. Data represents the mean ± SEM. t-test applied. 

P < 0.05 was considered statistically significant (ns; not significant). 



Expression of CLA and β7 ligand molecules on γδ T-cells were also 

investigated. In peripheral blood from CD and control wound, the majority of 

circulating γδ T-cells expressed gut-homing molecule β7 integrin, although 

expression of CLA was minimal (Fig. 3.33). 

Fig. 3.33 CLA and β7 ligand expression on γδ T-cells from whole blood in CD and 

control wounds. Data represents the mean ± SEM. n=3. t-test applied.  P value < 

0.05 was considered statistically significant (ns; not significant). 

 

3.3.4 Cytokine profile 

IL-6 is the predominant cytokine produced by wound tissue supernatants 

Wound-tissue samples from CD and control wounds were incubated in 

medium for 24 hours, and subsequently the supernatants was stored at -

80°C. Once all samples were collected, the supernatants were analyzed using 

a multiplex assay Biorad, Hercules, CA, USA) on a Luminex TM platform 

(Austin, TX, USA), following the manufacturer’s instructions, for the 

concentration of Interferon- γ (IFN-γ) [D.L.9.44 pg/mL], tumour necrosis factor 
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α (TNF-α) [D.L. 6.25 pg/mL], interleukin (IL)-2 [D.L. 9.24 pg/mL], IL-4 [D.L. 9.4 

pg/mL], IL-6 [D.L. 9.35 pg/mL], IL-10 [D.L. 8.43 pg/mL] and IL-17A [D.L. 2.17 

pg/mL]. Those values below the level of detection were reported as being 

equal to that. 

In both groups, IL-6 appears to be the predominant cytokine produced by the 

wound-tissue supernatants (Fig. 3.34), Furthermore, the levels of cytokine 

production was similar in the two groups with no statistical difference noted 

(Fig 3.35). 

 

 

Fig. 3.34 Cytokine profile in supernatants from CD wound tissue (A) and control 

wound-tissue (B). Data represents mean ± SEM of n= 9 independent samples. IFN; 

Interferon, TNF; Tumour necrosis factor, IL- Interlukin 
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Fig. 3.35 Levels of cytokine production in supernatants from CD wound tissue and 

control wound tissue. Cytokines assessed were IFN-γ (A), TNF-α (B), IL-2 (C), IL-4 

(D), IL-6 (E), IL-10 (F), and IL-17A (G). n=9 independent samples. t-test applied. P < 

0.05 was considered statistically significant (ns; not significant). IFN; Interferon, TNF; 

Tumour necrosis factor, IL- Interlukin 

 

3.3.5 T-cell Proliferation 

DC stimulatory capacity is dependent on DC tissue of residence 

Blood low-density cells enriched for DC (LDC), and wound-tissue derived DC 

from non-CD wounds stimulated a stronger, dose-dependent proliferation of 

CFSE-labeled T-cells compared with blood DC and wound-tissue DC from CD 

wounds during 5 days of in vitro culture (Fig. 3.36).  
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Fig.3.36. DC stimulatory capacity measuring T-cell proliferation. Dose response 

proliferation of T-cells following 5 day stimulation with different doses of allogeneic 

DC from blood and wound tissue. Results are displayed as the mean ± SEM (n=3). 

Basal proliferation is shown as proportion of proliferating T-cells with no DC. 

 

Although blood DC appear to stimulate a higher proportion T-cell proliferation 

compared with their wound-tissue counterpart (Fig. 3.36), there was only a 

significant difference in control patients with wounds at DC concentrations of 

1% and 2% T-cells (Fig. 3.37). At these concentrations, there is a higher 

proportion of T-cell proliferation in blood DC compared to wound-tissue DC. 

There was no significant difference in T-cell proliferation between blood and 

wound DC in CD patients with wounds. 
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Fig.3.37 . Comparison of DC stimulated T-cells from blood and wound tissue in CD 

patients with wounds (A) and control patients with wounds (B) at DC concentrations 

of 1% (I), 2% (II), and 3%(III) of T-cells (n=3). Paired t-test was applied. P < 0.05 was 

considered statistically significant (* p<0.05, ns; not significant). 

 

Wound-tissue DC from CD wounds stimulate T-cell proliferation at a 

significantly lower level compared with wound-tissue DC from non-CD wounds 

(Fig.3.38). This outcome was found at 1%, 2% and 3% DC concentrations. 

However, in blood DC, there was no significant difference in T-cell proliferation 

between CD and non-CD wounds (Fig.3.39) 
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Fig. 3.38. Wound-tissue DC stimulated T-cells in CD and control patients with wounds 

(n=3). Dose response proliferation of T-cells following 5-day stimulation with different 

doses of allogeneic DC from wound tissue. Results are displayed as the mean ± SEM 

(n=3). T-test applied. P < 0.05 was considered statistically significant (* p<0.05,** 

p<0.01).  
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Fig. 3.39. Blood DC stimulated T-cells in CD and control patients with wounds (n=3). 

Dose response proliferation of T-cells following 5 day stimulation with different doses 

of allogeneic DC from blood. Results are displayed as the mean ± SEM (n=3). T-test 

applied. P < 0.05 was considered statistically significant (ns; not significant).  

 

3.3.6 Homing Marker Expression on dividing T-cells  

There is a lower expression of skin homing marker CLA on dividing T-cells in 

CD wound tissue and blood samples  

Skin-homing markers CLA and CCR4 were assessed. Analysis comparing 

wound-tissue samples to blood samples showed similar levels of CLA 

expression on dividing T-cells (Fig 3.40A and B). However, in CD patients, 

there was a lower expression of CLA on dividing T-cells when compared with 

control from wound-tissue and blood samples (Fig. 3.40C). CCR4 expression 

on dividing T-cells showed no significant difference when comparing DC from 

blood samples with DC from wound-tissue samples (Fig. 3.41A and B). 

However, unlike CLA, there were similar levels of expression of CCR4 on 

dividing T-cells between the CD and control groups (Fig. 3.41C). 

0

10

20

30

40

CD

Control 

  0%             1%              2%              3%

DC Concentration (% of T-Cells)

Pr
op

or
tio

n 
of

 d
iv

id
in

g 
T-

C
el

ls
 (%

)
p= ns



 
Fig.3.40 CLA expression on dividing T-Cells. A) Analysis of CLA expression on 

dividing T-Cells in blood and wound-tissue from CD group (n=3) B) Analysis of CLA 

expression on dividing T-Cells in blood and wound-tissue from control group (n=3). C) 

Analysis comparing CLA expression on dividing T-Cells in CD and control groups 

(n=3). Paired t-test utilized in A) and B) and un-paired t-test in C). P < 0.05 was 

considered statistically significant (* p<0.05,** p<0.01, ns; not significant) 

 

Fig.3.41 CCR4 expression on dividing T-cells. A) Analysis of CCR4 expression on 

dividing T-Cells in blood and wound-tissue from CD group (n=3) B) Analysis of CCR4 

expression on dividing T-cells in blood and wound-tissue from control group (n=3). C) 

Analysis comparing CCR4 expression on dividing T-cells in CD and control groups 

(n=3). Paired t-test utilized in A) and B) and un-paired t-test in C). P < 0.05 was 

considered statistically significant (ns; not significant). 
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Expression of gut-homing marker B7 and lymph-node homing marker CCR4 

on dividing T-cells was also assessed. There were similar levels of expression 

of both markers when comparing source of DC (Figs.3.42A and B, 3.43A and 

B).  There was no difference in expression of B7 on dividing T-cells between 

the CD and control groups (Fig. 3.42C). However, there was a reduced 

expression of CCR7 on dividing T-cells in blood samples from the CD group 

compared with controls. This result was not seen in wound-tissue samples (Fig 

3.43C). 

Fig.3.42. B7 expression on dividing T-cells. A) Analysis of B7 expression on dividing 

T-cells in blood and wound-tissue from CD group (n=3) B) Analysis of B7 expression 

on dividing T-cells in blood and wound-tissue from control group (n=3). C) Analysis 

comparing B7 expression on dividing T-cells in CD and control groups (n=3). Paired t-

test utilized in A) and B) and un-paired t-test in C). P < 0.05 was considered 

statistically significant (ns; not significant). 
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Fig 3.43 CCR7 expression on dividing T-Cells. A) Analysis of CCR7 expression on 

dividing T-Cells in blood and wound-tissue from CD group (n=3) B) Analysis of CCR7 

expression on dividing T-Cells in blood and wound-tissue from control group (n=3). C) 

Analysis comparing CCR7 expression on dividing T-Cells in CD and control groups 

(n=3). Paired t-test utilized in A) and B) and un-paired t-test in C). P < 0.05 was 

considered statistically significant (** p<0.01, ns; not significant). 

 
3.3.7 Cytokines profile of dividing T-cells 

 

In control wounds, the cytokine profile suggests an inflammatory response 

whereas in CD wounds, there is a mixed inflammatory and regulatory 

response. 

 
Cytokine production by dividing T-cells showed similar levels of expression in 
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1.8 vs. 24.4% ± 10.3, p<0.01). There was a similar pattern found in wound-

tissue. In the CD group (Fig. 3.46A), there was no significant difference 

between IL-6 production and the regulatory cytokines IL-10 and TGF-β. 

However, we did find a difference between IL-6 production and IFN-γ in 

wound-tissue in CD samples (68% ± 15.3 vs. 14.1% ± 12.2, p<0.05). Once 

again in the control group (Fig. 3.46B), IL-6 was expressed significantly more 

than compared to IFN-γ (86.3% ± 4.2 vs. 14.6% ± 8.2, p<0.001), TGF-β 

(86.3% ± 4.2 vs.9.6% ± 4.7, p<0.001), and IL-10 (86.3% ± 4.2 vs. 20.7% ± 

9.1, p<0.001). These results suggest an inflammatory response in control 

wounds and a mixed response in CD wounds. 



 
Fig. 3.44 Expression of cytokine production by dividing T-cells comparing source of 

DC in CD (A) and control (B) groups. Graphs represent paired-samples from each 

individual (n=3). Paired t-test applied. P < 0.05 was considered statistically significant 

(ns; not significant). 
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Fig.3.45 Cytokine production by dividing T-cells in peripheral blood samples in CD 

group (A) and control group (B). Samples represent mean + SEM (n=3). One-Way 

ANOVA test applied. Comparison made between IL-6 production and other 

cytokines. P < 0.05 was considered statistically significant (** p<0.01, *** p<0.001) 

 

 

Fig.3.46. Cytokine production by dividing T-cells in wound-tissue samples in CD 

group (A) and control group (B). Samples represent mean + SEM (n=3). One-Way 

ANOVA test applied. Comparison made between IL-6 production and other cytokines. 

P < 0.05 was considered statistically significant (* p<0.05, ** p<0.01, *** p<0.001) 
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3.4 Discussion 

Wound-tissue DC and their homing profiles have not previously been 

characterized. In the first part of this study, the aim was to assess and 

develop cell-extraction methods to aid in the optimum characterization of 

these cells. The two methods assessed were the CTD method and “walk-out” 

method.  

Collagenase cleaves the main helical polypeptide chains of the structural 

protein collagen under physiological conditions. With denaturing of the 

collagen molecule, proteases act to degrade the protein (Harper 1980). In this 

method, wound-tissue was digested with collagenase in a shaker until visual 

inspection indicated that dissociation was complete. Typically, this required 

incubation of 5-7 hours, dramatically more then previous experience with 

colonic tissue in our department (Al-Hassi et al. 2013; Beaugerie et al. 2006; 

Bell et al. 2001; Hart et al. 2005) 

In the “walk-out” method, biopsies were placed in medium and incubated for 

24 hours. Cells migrating from cultures biopsies were then recovered by 

centrifugation with the biopsies discarded.  

DC and T-cell populations were identified in both methods from wound-tissue 

by flow-cytometry. Furthermore, the results indicate that homing profile 

expression on DC and T-cells were similar in paired samples between the two 

methods. These findings suggest that either method can be used for cellular 

extraction from wound-tissue and subsequent phenotypic analysis.  

Results from both methods were reproducible. In assessing homing profiles 
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on DC and T-cells, there was no statistical significant difference in expression 

on paired wound-tissue samples undergoing both cellular extraction methods.  

However, upon analysis from CDT cellular extraction, gates corresponding to 

DC and T-cells were less prominent and uniformly distributed compared with 

“walk-out’ cells. The reasons for this may be two-fold; a) inadequate shedding 

of epithelium within the tissue specimens prior to collagenase digestion and b) 

incomplete tissue dissociation. The measure of digestion was visually 

performed and this could have potentially resulted in subjective error.  

Furthermore, the CDT method was more time-consuming and impractical then 

the “walk-out” method; the length of time taken to digest the tissue and then 

the required subsequent immediate antibody labeling applied time issues that 

were not present with the “walk-out” method. As a result, the “walk-out” 

method as the modality of cellular extraction was implemented in the 

remainder experiments on perineal wound-tissue.  

This is the first time DC have successfully been isolated from wound-tissue. 

Identification of CD11C+ HLADR+ Lineage- population corresponds to 

myeloid DC and CD11C- HLADR+ Lineage- to plasmacytoid DC. These cells 

have been previously extensively characterized by studies in our laboratory 

and have been classified on the basis of morphology, phenotype, and function 

(stimulatory capacity, endocytic activity, adherence properties, and the ability 

to undergo “maturation) (Bell et al. 2001; Hart et al. 2005).  Although no 

differences were detected in DC subsets between CD and control wounds, 

the results indicate that wound-tissue DC subsets are equally distributed in 

wound tissue and blood. This is in contrast to work undertaken in our 

department previously on DC characterization on blood samples, colonic 
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tissue (Bell et al. 2001) and dermal cutaneous tissue (PhD thesis, Mann. E. 

2012) which revealed a higher proportion of myeloid DC. Interestingly in 

epidermal cutaneous DC, myeloid DC were shown to constitute only a 

minority of the DC population.  

Plasmacytoid DC are present in the blood stream and secondary lymphoid 

organs, but normally absent from peripheral tissues in the skin (Gilliet et al. 

2008; Wollenberg et al. 2002). However, in this study, this DC subset is 

expressed in wound-tissue suggesting a potential role in wound healing. 

Plasmacytoid DC have been previously shown to rapidly infiltrate skin 

wounds, induce early inflammatory response and re-epithelization of skin 

wounds (Gregorio et al. 2010). 

Despite no significant differences between CD and control wounds, the 

majority of peripheral blood DC samples co-expressed B7 and CLA, indicating 

dual potential to migrate to either skin or intestinal mucosa. This is similar to 

results found previously in our department (Mann et al. 2012a). Interestingly, 

a similar co-expression of B7 and CLA on wound-tissue was shown. This co-

expression is lacking in colonic DC (B7 only expressed) and epidermal or 

dermal cutaneous DC (small proportion of CLA, no detectable B7) (Mann et 

al. 2012a).  Furthermore, similar levels of expression of skin homing markers 

CCR4 and CCR10, lymph-node homing marker CCR7 and gut-homing marker 

CCR9 between peripheral blood and wound-tissue samples was found, once 

again suggesting that wound-tissue DC have the potential to migrate to 

multiple sites.  

Preliminary results from this study identified reduced expression of skin-

homing marker CLA on CD wound-tissue and lymph-node marker CCR7, 
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thereby suggesting DC migration away from the skin and lymph-nodes. 

Following interaction with microbial products or other maturation stimuli such 

as cytokines, the immature DC that reside in peripheral tissue alter their 

pattern of chemokine receptors and migrate towards the draining lymphoid 

tissue (Banchereau and Steinman 1998; Hart et al. 2005). It is in this process 

that DC down-regulate their ability for antigen acquisition, and up-regulate the 

expression of maturation and co-stimulatory molecules that aid in their ability 

to stimulate naïve T-Cells (Hart et al. 2005).  These altered migratory effects 

seen in CD patients with wounds may play an important contribution in the 

development of cutaneous wound failure witnessed in CD. 

DC cell surface expression of TLR2, which recognize bacterial lipopeptides 

(Michelsen et al. 2001; Morath et al. 2002; Schwandner et al. 1999) and 

TLR4, a receptor for lipopolysaccharides (Chow et al. 1999) was assessed. 

The majority of myeloid DC from blood and wound-tissue expressed TLR2. 

These findings were consistent with previous studies in our department where 

TLR2 was detected on the majority of myeloid DC in blood (Hart et al. 2005). 

Wound-tissue plasmacytoid DC did not express TLR2 and blood plasmacytoid 

DC revealed no TLR4 expression.  

Previous animal studies using colonic tissue revealed that in colitis, DC from 

diseases tissue show enhanced expression of TLR2 and TLR4 (Ortega-Cava 

et al. 2003). These findings were reproduced in human colonic tissue in IBD 

(Hart et al. 2005). However, this study failed to reveal a similar finding in 

wound-tissue suggesting a less pivotal role of altered microbial recognition in 

cutaneous tissue compared to inflammation in colonic tissue.  

T-cells were identified in all blood and wound-tissue samples as CD3+ 
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lymphocytes. In wound-tissue, a consistent third spike within the histogram 

was noted, representing the CD3+ lymphocyte. To assess applicability, 

experimentation incorporating the 2nd and 3rd spike of the histogram to 

correlate with CD3+ lymphocytes and adjusted WinList compensation was 

performed; however, these modifications resulted in skewed data and un-

interpretable data.  

Thymic selection results in the production of T-cells with two types of TCR. 

The majority express antigen-binding αβ chains in the TCR (disulfide-linked 

heterodimers of Immunoglobulin superfamily proteins). These αβ T-Cells have 

a varied range of antigen recognition receptors and represent mature T-cells 

that circulate through the secondary lymphoid organs (Broere et al. 2011). γδ 

T-cells are innate lymphocytes that comprise a minor T-cell population in 

human peripheral blood, but are present in higher quantities in epithelial sites 

such as skin, lung and gut (Mann et al. 2012b; Tonegawa et al. 1989). Due to 

their relationship with epithelial lined-surfaces, it is possible that they play an 

important role in the regulation of epidermal integrity. In murine models, 

epidermal T-cells expressing a γδ TCR promotes wound repair of the skin 

(Jameson et al. 2002; Mann et al. 2012b).  

This study identified a small population of γδ T-cells in peripheral blood and 

wound-tissue. However, there was no statistical difference in the proportion of 

γδ T-cells between CD and non-CD wounds. This is in contrast to previous 

studies on gut tissue, which have highlighted an increase number of γδ T-cells 

in inflamed areas of the gut in humans (Fukushima et al. 1991; McVay et al. 

1997) (Soderstrom et al. 1996). There is conflicting evidence in the literature 

in regards to the role of γδ T-cells in animal models of IBD. Some studies 
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suggest γδ T-cells have a protective role (Hoffmann et al. 2001; Holtmeier et 

al. 2002; Tsuchiya et al. 2003) and others claim γδ T-cells are essential for 

the onset and aggravation of colitis (Dianda et al. 1997; Kawaguchi-Miyashita 

et al. 2001; Nanno et al. 1994).  

In contrast to previous studies, this study was unable to identify an increase 

proportion of CD45RO+ T-cells in blood or wound-tissue samples in CD. It 

has previously been suggested that this T-cell subpopulation may be 

implicated in the aetiopathogenesis of CD (Garcia de Tena et al. 2004). The 

activation marker CD28 which plays an important role in providing co-

stimulatory signals to induce T-cell activation, has previously been shown to 

be lacking in peripheral blood of CD patients (Garcia de Tena et al. 2004); 

however, once again this was not supported in this study.  

This study demonstrated that wound-tissue T-cells expressed higher levels of 

skin-homing marker CLA and blood T-cells expressed higher levels of gut-

homing marker B7. No statistical differences were found in expression of skin-

homing marker CLA or gut-homing marker B7 on wound-tissue and blood T-

Cells between CD and control groups. Previous studies in our department 

have suggested that in CD, there is altered expression of B7 in blood T-cells 

with a decrease in intestinal-homing memory T-cells (Hart et al. 2004). This 

study recruited CD patients upon clinical activity of the patient’s disease using 

the Crohn’s Disease Activity Index (CDAI) and all patients recruited scored a 

value suggesting active disease. This present study did not incorporate this 

scoring system and it is therefore feasible that our study group incorporated a 

greater heterogeneous CD population, potential explaining the different 

findings.  
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The results indicate that there was a predominant Th2 inflammatory response 

in wound-tissue in both the CD and control groups. Furthermore, IL-6 was the 

predominant cytokine found in both groups. These findings differ to previous 

studies on blood and gut tissue in CD patients, which reveal a predominant 

Th1 response. 

Wound DC stimulated dose-dependent allogenic T-cell proliferation with both 

wound and blood DC from CD patients were significantly less stimulatory than 

their control DC counterparts. Furthermore DC from CD patients generated T-

cells with enhanced expression of CLA compared to T-cells stimulated by 

control DC in wound tissue and blood. This reduction in the stimulatory 

capacity of wound tissue DC may reflect a loss of DC function in CD. 

 

3.5 Conclusions 

These results suggest DCs migration is directed away from the skin in CD 

wounds, and stimulated T-cells are directed towards. Furthermore, a 

reduction in the stimulatory capacity may reflect a loss of DC function in CD. 

Taken together, these results suggest a potentially pivotal role for DC in 

wound healing. These phenotypic changes may reflect altered leucocyte 

function contributing to wound failure in CD. 
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CHAPTER 4 

SCORING SYSTEM FOR THE HISTOLOGICAL 

ASSESSMENT OF PERIANAL WOUND TISSUE; A 

DIAGNOSTIC TOOL IN CROHN’S DISEASE? 
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4.1 Introduction 

 

The separate cutaneous entities of CD appear to have distinct histological 

features. Pyoderma gangrenosum (PG) is part of a spectrum of the 

neutrophilic dermatoses, a group of inflammatory disorders of unknown 

aetiology that show a tendency towards pathergy and the presence of non-

infectious neutrophilic infiltrates in the skin (Ferrandiz-Pulido et al. 2009). It is 

a severe and debilitating skin disorder which is characterized by the presence 

of nodules and pustules which rapidly enlarge and ulcerate (F. T. Veloso 

2011). The lesions usually affect the extensor aspects of the lower extremities 

but can occur elsewhere. 

 

Histological analysis of PG lesions reveal a central zone of suppurative 

inflammation and necrosis (Crowson et al. 2003a), however, the diagnosis 

tends to be made on clinical grounds. In CD patients, the lesions show 

neutrophil infiltration and concomitant necrosis of local collagen fibers (Gray 

and Catanzaro 2004). 

 

The underlying aetiology of Erythema Nodosum (EN) is thought to be due to a 

hypersensitivity response involving immune complex deposition in connective 

tissue septa in subcutaneous fat (Requena and Requena 2002) leading to 

inflammation in the subcutaneous fat. Eruptions of EN are associated with 

exacerbations of bowel disease but not with severity or extent (Apgar 1991). 

Characteristic lesions are usually, multiple, bilateral raised, erythematous, 

tender nodules commonly found on anterior tibial surfaces (Trost and 

McDonnell 2005) . They can also occur in subcutaneous fat anywhere in the 
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body including the arms and trunk (F. T. Veloso 2011). The lesions may be 

associated with systemic symptoms of malaise, fevers and joint pains. The 

typical course lasts for three to six weeks but the lesions can persist for 

months. Histologically, the lower dermis may reveal a moderate 

lymphohistiocytic infiltrate, and direct immunoflurorescence for 

immunolglobulins and complement may reveal perivascular deposits (T. 

Veloso 1990). 

 

Granulomatous cutaneous lesions are a group of disorders that are directly 

related to the inflammatory process of CD. This group includes perianal, 

peristomal and oral granulomatous lesions. Clinically, these lesions 

encompass a variety of presentations, including skin tags, ulcers, fistulae, 

fissures and plaques. Histologically, these conditions resemble features 

similar to those found in the inflamed bowel in CD, namely the presence of 

non-caseating granulomas (Burgdorf 1981; F. T. Veloso 2004). MCD involves 

the presence of non-caseating granulomatous infiltration of the skin at sites 

anatomically separates from areas of gastrointestinal CD (Palamaras et al. 

2008).  

 

Perianal manifestations occurs in 35-50% of CD patients (Morales et al. 

2000). These lesions may precede signs and symptoms of gastrointestinal CD 

by months or years and their diagnostic value is therefore significant (Lebwohl 

and Lebwohl 1998).  
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The purpose of this pilot study was to assess for histological features in 

perianal CD wounds with the aim of devising a histological tool to potentially 

aid in the diagnosis of the disease. 

 

4.2 Aims 

 

1. To assess histological differences between CD wounds and non-CD 

wounds 

2. To devise a validated scoring system to aid in the diagnosis of CD in 

patients with perianal wounds. 

 

4.3 Materials and Methods 

 

4.3.1 Study Design and Ethical Considerations 

 

This was a single-institution pilot study approved by the North London 

Research and Ethics Committee (REC no 10/H0724/43). All participants were 

handed a Patient Information Sheet and provided written consent to 

participate in the study.  

4.3.2 Patients 

 

From November 2010 to October 2011, patients aged 18 and over with an 

open perineal or perianal wound of three weeks or longer duration at St. 

Mark’s Hospital in London were evaluated for eligibility. The experimental 

group consisted of patients with perianal wounds with confirmed diagnosis of 
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CD. The control group consisted of non-IBD patients with perianal wounds. 

Patients aged 18 and over who had undergone proctectomy, lay-open of 

fistula-in-ano, pilonidal sinus surgery and surgery for Hidradenitis suppurativa 

were deemed eligible for the study. Patients with clinically infected wounds, 

known multiple fistulas, perianal dermatitis or open wounds of longer then one 

year duration were excluded from the study.   

A total of 29 patients with an open perineal wound of 3 weeks or longer 

duration, who attended a Colorectal Surgical or Gastroenterlogy outpatients 

appointment at St. Mark’s Hospital between 1/12/2010 and 24/10/2011, were 

invited to participate in the trial. All 29 patients were deemed eligible to 

participate in the study. 9 patients declined entry into the study; 6 for 

geographical reasons, 3 for concerns regarding pain and bleeding following 

the procedure, and 2 failed to attend their designated biopsy session. Out of 

the18 patients participated in the study, 9 had a diagnosis of CD and the 

remaining 9 patients had no evidence of CD at recruitment. However, a 

participant in the control group was subsequently diagnosed with CD and was 

therefore placed in the CD group for analysis. 

 

4.3.3 Wound tissue sampling and processing 

 

Following recruitment, the procedure for obtaining wound tissue sampling was 

undertaken in an out-patient setting under aseptic conditions. Topical local 

anaesthetic spray was applied to the wound and between 1-3 tissue biopsies 

using biopsy forceps were obtained from the mid-point of the wound within 



granulating tissue (Fig.4.1). Wound tissue samples were taken from CD and 

non-CD patients with perineal wounds.  

 

Fig. 4.1. Wound tissue samples were obtained from the mid-point of the wound within 

granulating tissue. a) Perineal ulcer in a CD patient b) Peineal wound following a lay-

open of a fistula-in-ano in a control patient. 

 

 

Fig. 4.2. Flow diagram illustrating methodological steps undertaken in the histological 

analysis of wound tissue samples. WT= Wound tissue, NBF= Neutral Buffered 

Formal Saline, H&E= Haemotoxylin and Eosin, PSR= Picro Sirius Red, ME= Millers 

Elastin 
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All wound tissue samples were fixed in 10% Neutral Buffered Formal (NBF) 

(Genta Medical) Saline for a minimum of 48 hours. Wound tissue samples 

were then processed in a VIP 3000 Tissue Processor using an overnight 

schedule (Table 4.1). Wound tissue samples were embedded in wax using 

TISSUE TEK III embedding center. Tissue blocks were sectioned using a 

Shandon AS325 microtome. Two sections were cut at 5 µm thickness, and 

left to dry overnight at 60°C on a hotplate.  

 

Reagent Time Temperature Pressure/Vacuum 

10% NBF 2 hours RT Yes 

70% IMS 99 1 hour RT Yes 

90% IMS 99 1 hour RT Yes 

100% IMS 99 3 hours RT Yes 

50/50 IMS 99/ 
Toluene 

1 hour RT Yes 

Toulene 2 hours RT Yes 

56°C Paraffin 
Wax 

3.5 hours 60°C Yes 

 

Table 4.1. Schedule for wound tissue processing. IMS 99= Industrial Methylated 

Spirit, RT= Room Temperature  

 

4.3.4 Haemotoxylin and Eosin (H&E) staining  

 

One slide per sample was stained using the H&E staining protocol. The slides 

were placed in xylene for de-paraffinisation. They were subsequently 

rehydrated through 100% IMS, 95% IMS, 70% IMS and then to running tap 

water. The sections were then stained in Gill’s haematoxylin and immersed in 

tap water. The sections were subsequently differentiated in acid-alcohol and 
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washed in tap water. The slides were then stained in 0.5% aqueous eosin and 

washed once more in tap water. The sections then underwent dehydration 

through 70% IMS, 95% IMS and 100% IMS, and were subsequently 

incubated in Xylene. The slides were then mounted in DPX for cover-slipping. 

 

4.3.5 Picro Sirius Red (PSR) with Millers Elastin Staining 

 

One slide per sample was stained using the PSR with Millers Elastin staining 

protocol. The slides were placed in xylene for de-paraffinisation. They were 

subsequently rehydrated through 100% IMS, 95% IMS, 70% IMS and then to 

running tap water. The sections were then placed into Acid Potassium 

Permanganate and rinsed with de-ionised water. The sections were 

subsequently differentiated in 1% Oxalic Acid and rinsed in de-ionised water 

and then 95% IMS. The sections were then washed in water and stained with 

Weigert’s Haematozylin with subsequent washing in water again. The 

sections then underwent differentiation in acid alcohol with another wash in 

water. The slides were then stained with PSR and washed in de-ionised 

water. The sections then underwent dehydration through 70% IMS, 95% IMS 

and 100% IMS, and were subsequently incubated in Xylene. The slides were 

then mounted in DPX for cover-slipping. 

 

4.3.6 Slide examination 

 

All slides were examined on a microscope with a camera attached and 

photomicrographs were produced on all slides using the digital imaging 

software DP Controller (Version no 1.1.1.65).  
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4.3.7 Scoring Tool 

 

Following initial assessment of H&E and PSR with Millers-Elastin stained 

slides, a scoring system was devised to assess for differences in histological 

characteristics between CD and control wound tissue. A number of variables 

were assessed, including the presence of inflammatory cells and collagen, 

presence and degree of vascularity and evidence of caseation and post-

infective debris (Table 4.4).  

 

Using the devised scoring tool, the slides were assessed and scored by two 

independent histopathologists (CM and PS). Identifiable data, including 

patient demographics and disease processes, were not made available to the 

histopathologists during the assessment. Slides were examined and the 

results were returned for analysis.  

 

4.3.8  Statistics 

Statistical analyses were carried out using GraphPad Prism (GraphPad 

Software Inc.) Pooled data are expressed as mean values ± standard error. T-

tests were employed to compare distributed data. P<0.05 was considered 

significant. 
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4.4 Results 

 

4.4.1 Demographic Data  

 

This pilot study included samples from 18 patients. Upon recruitment and 

sample acquisition, 9 patients had a confirmed diagnosis of CD and a perianal 

wound, and the remainder had no clinical, endoscopic, histological or 

radiological evidence of CD. However, one participant in the control group had 

on-going symptoms of poor wound healing following a lay-open procedure for 

fistula-in-ano and was subsequently diagnosed with CD on colonoscopy. This 

participant was therefore analysed in the CD group. The number of 

participants in the CD arm was therefore 10, and in the control group 8.  

 

There was a higher proportion of male to female participants in the control 

group (7:1) compared with the CD group (3:2). There was a similar range of 

ages of participants in both groups, but the average age in the control group 

(46.25) was higher than in the CD group (38.8).  

 

Eight (80%) of the CD patients recruited had an unhealed perineum following 

proctectomy. Four (40%) of these had had their procedure within the last 3 

months prior to recruitment, 2 (20%) had their procedure between 3 and 6 

months and 2 (20%) between 6 months and one year. One (10%) participant 

had a lay-open of a fistula-in-ano 4 weeks previously and the final participant 

(10%) had a perineal ulcer for 6 months. In the control group, 6 (75%) of the 

participants had had a lay-open for a fistula-in-ano within the last 6 weeks 

prior to recruitment. One (13%) participant had a lay open of hidradenitis 
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suppuritiva and the final participant (13%) had a lay open of a pilonidal sinus. 

Both these procedures had been performed within the last 4 weeks.  

 

A higher number of participants in the control group were smokers compared 

to the CD group however, none of the participants suffered with conditions 

that may impede wound healing (e,g Diabetes Mellitus) and none were on 

steroids or immune-modulators within the preceding three months before 

samples were acquired. 

 

         Crohn’s Disease               Control 
Number 10 8 
Sex 3:2 (M:F) 7:1 (M:F) 
Age 38.8 (25-60) 46.25 (24-60) 
Procedure/Cutaneous 
manifestation 

  

• Proctectomy 8 0 
• Lay open fistula-

in-ano 
1 6 

• Lay open perineal 
Hidradenitis 

0 1 

• Lay open pilonidal 
sinus 

0 1 

• Perineal ulcer 1 0 
Smoker 2 4 
Diabetes 0 0 
Steroids 0 0 
Immunomodulators 0 0 
 

Table 4.2 Summary of participant demographics  
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4.4.2  Histological Assessment 

 

4.4.2.1 Scoring System  

 

Initial examination of a selected group of H&E stained slides revealed a larger 

number of plasma cells within the CD wound-tissue specimens compared to 

control wound-tissue. There was also evidence of increased intra and peri-

vascular inflammation with a significant number of acute inflammatory cells 

(lymphocytes, eosinophills and macrophages). Furthermore, in CD wound-

tissue samples, there was a higher degree of vessel thrombosis and a higher 

degree of vascularity compared with control wound-tissue (Fig.4.3). Initial 

assessment of the selected group of PSR with Miller-Elastin stained slides 

revealed a higher proportion of mature, yellow birefringent collagen fibers in 

control wound tissue compared with wound tissue from CD patients. (Fig.4.4).  

 

A scoring tool was devised to characterise within wound tissue, the presence 

of inflammatory cells and collagen, presence and degree of vascularity and 

evidence of caseation and post-infective debris (Table 4.3).  

 

 

 

 

 

 

 



 

Fig.4.3. H&E Staining of wound tissue from CD and control patients at X100 and 

X200 magnification. Slides show a larger number of plasma cells (PC), increased 

intra and peri-vascular inflammation (PVI) and higher degree of vessel thrombosis 

(VT) within CD wound tissue specimens.  

 

 

 

 

VT  

PVI 

VT  

PVI 

CD (X200) 

CD (X100) Control (X100) 

Control (X200) 

PC 



 

Fig.4.4. PSR with Millers Elastin staining of wound tissue from CD and control patients 

at X100 and X200 magnification. Slides show a higher degree of thin green 

birefringent collagen fibers in CD wound tissue. In wound tissue from control 

specimen, there is a higher degree of mature yellow birefringent collagen fibers  

CD (X100) Control (X200) CD (X100) Control (X200) 
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Table 4.3. Scoring tool for the histological assessment of wound tissue 

 
 

 

 

 

 

 

 

Characteristic Feature Score 
Plasma Cells 
      

Not Present 
Mild number of cells 
Moderate number of cells 
Prominent cell type 

0 
1 
2 
3 

Plasma cells 
     Pattern of distribution 

Perivascular only 
Disseminated 
Clustered 

1 
2 
3 

Polymorphs 
      

Not present 
Mild number of cells 
Moderate number of cells 
Prominent cell type 

0 
1 
2 
3 

Eosinophils  Not present 
Mild number of cells 
Moderate number of cells 
Prominent cell type 

0 
1 
2 
3 

Eosinophils 
     Degranulation 
      

Intact 
Mild number of cells  
Moderate number of cells 
Prominent feature 

0 
1 
2 
3 

Macrophages 
      

Not present 
Mild number of cells 
Moderate number of cells 
Prominent cell type 

0 
1 
2 
3 

Mitotic figures Not present 
Mild number of cells 
Moderate number of cells 
Prominent feature 

0 
1 
2 
3 

Fibroblasts 
      

Not present 
Mild number of cells 
Moderate number of cells 
Prominent cell type 

0 
1 
2 
3 

Collagen Not present 
Present but predominantly degraded 
Present but predominantly disorganized 
Present and well organised 

0 
1 
2 
3 

Collagen 
     Position 

Perivascular only 
Disseminated 

1 
2 

Vessels 
     Degree of vascularity      
 

No vascularity 
Mild vascularity 
Moderate vascularity 
High vascularity 

0 
1 
2 
3 

Vessels 
     Thrombosis 

No evidence 
Small number of vessels 
Moderate number of vessels 
Predominant vessel feature 

0 
1 
2 
3 

Vessels 
    Inflammation 

No evidence 
Predominantly perivascular 
Predominantly intravascular 
Both peri- and intravascular 

0 
1 
2 
3 

Caseation No evidence 
Mild degree of caseation 
Moderate degree of caseation 
Severe degree of caseation 

0 
1 
2 
3 

Post-infective debris No evidence 
Mild presence 
Moderate presence 
Severe presence 

0 
1 
2 
3 

!
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4.4.2.2. Analysis of Scoring System. 

 

4.4.2.2.1 Histopathologist CM 

 

Analysis of the scores obtained by histopathologist CM revealed no significant 

difference in the presence and position of inflammatory cells within the slides 

of CD and control wound-tissue (Fig 4.5). However, although the data had not 

reached statistical significance, there appeared to be less polymorphs in CD 

wound-tissue compared with control wound-tissue (CD: 1.3 ± 0.2 n=10 vs. 

Control: 2.0 ± 0.3 n=8, p=0.054). There was a similar reduction in the 

population of eosinophils within CD wound-tissue compared with control 

wound tissue (CD: 0.7 ± 0.2 n=10 vs Control: 1.1± 0.1 n=8, p=0.054). 

Eosinophil degranulation, however, was similar in both groups.  

Examination of the PSR with Miller-Elastin stained slides revealed no 

differences in the presence of fibroblasts, or presence and position of collagen 

between the two groups. 

Degree of vascularity, presence of vessel thrombosis and position of vessel 

inflammation was also similar between the two groups. There was no 

evidence of caseation in any of the samples examined and no significant 

difference in he presence of post-infective debris in the two arms. 

 

 
 
 

 



 
 

 
 

 
 

 
 

 
 
 

 

 
 

 
 
 

 
 
 
 
 
 
 

 
 
 
 
Fig. 4.5. Results of analysis by Histopathologist CM. Data represents the mean ± SD. 

Results indicate no significant difference in the presence or position of inflammatory 

cells, presence and position of fibroblasts and collagen, vascular characteristics and 

presence of caseation and post-infective debris, between CD and control wounds 

(p<0.05). Although not reached statistical significance, there appeared to be a 

reduced population of polymorphs and eosinophils within CD wound tissue compared 

with control (Δ). PC= Plasma cells, PM= Polymorphs, EOS= Eosinophils, MP= 

Macrophages, MF= Mitotic figures. 
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4.4.4.2.2 Histopathologist PS 

Analysis of the scores obtained by histopathologist PS revealed statistically 

significant increased presence of plasma cells in CD wound-tissue compared 

with control wound-tissue (CD: 2.3 ± 0.3 n=10 vs Control: 1.4± 0.3 n=8, p= 

0.025) (Fig 4.6). Furthermore, 5 out of the 10 CD specimens (50%) suggested 

that plasma cells were the prominent cell type within the slides (Score 3) 

compared with 1 out of 8 control slides (12.5%). In 3 of the CD slides (30%), 

the specimen contained a moderate number of plasma cells (Score 2) 

compared with 1 control slide (12.5%). Only 2 of the CD slides (25%) had a 

mild presence of plasma cells (Score 1) compared with 6 control slides (75%).  

In terms of plasma cell distribution, a clustered pattern was prominent in the 

CD slides (50%) and a disseminated pattern (62.5%) in the control slides. 

There was no statistically significant difference noted in presence of 

polymorphs, eosinophils, eosinophil degranulation and macrophages. Mitotic 

figures were not present in any of the slides. 

There appeared to be no statistical difference in the presence of fibroblasts 

and collagen between the two groups. Furthermore, degree of vascularity, 

vessel thrombosis and vessel inflammation were similar between the two 

groups. Caseastion was noted in only 1 control specimen (12.5%) and there 

was no statistical difference in presence of post-infective debris between the 

two groups. 

 



 
Fig. 4.6. Results of analysis by Histopathologist PS. Data represents the mean ± SD. 

Results indicate statistically significant increased presence of plasma cells in CD 

wound tissue compared with control (p=0.025 *). There was no statistically significant 

difference in the presence or position of non-PC inflammatory cells, presence and 

position of fibroblasts and collagen, vascular characteristics and presence of 

caseation and post-infective debris, between CD and control wounds (p<0.05). PC= 

Plasma cells, PM= Polymorphs, EOS= Eosinophils, MP= Macrophages, MF= Mitotic 

figures. 
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4.4.2.2.3 Total Scores 

The total scores obtained were similar for both CD and control tissue (Fig 

4.7). In analysis of CM’s scores, the mean score for CD wound tissue 

specimens was 19.7 ± 0.8 (range 15-22, n=10) and the mean score for control 

wound-tissue specimens was 20.1 ± 0.6 (range 17-22, n=8). The mean score 

for CD wound-tissue in PS scores was 21.0 ± 1.4 (range 12-26, n=10) and in 

control wound-tissue 20.5 ± 1.2 (range 15-24, n=8).  

 
 
 
 

 
 
 

 

 
 

 
 

 
 
Fig. 4.7. Comparison of total scores obtained from devised scoring system in the 

histological assessment of CD and control wound tissue. Results indicate no 

statistically significant difference in overall score between CD and control wound 

tissue (p<0.05) 
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4.5 Discussion 
 
 
Cutaneous manifestations in CD are a common occurrence and include four 

distinct types. Granulomatous lesions including perianal manifestations 

appear to be the most common type with incidence figures between 3.8 to 

80% reported in the literature (Saffar 2007, Sangwan 1996, Lockhar-

Mummery 1975, Singh 2004). Histologically, these conditions resemble 

features similar to those found in the inflamed bowel in CD, namely the 

presence of non-caseating granulomas (Burgdorf 1981; F. T. Veloso 2004).  

 

There are, however, no pathognomonic histological features that are present 

in the differing subsets of cutaneous lesions, suggesting differing aetiology of 

each manifestation. Furthermore, we have characterized the unhealed 

perineum as a separate cutaneous subset. It is possible that histologically, 

wound tissue may resemble features similar to that seen in granulomatous 

perianal CD. However, there was no evidence of non-caseating granulomata 

in CD wound tissue specimens in this study.  

 

The initial aim of this pilot study was to assess for any histological features in 

perineal wounds in CD, especially the unhealed wounds following 

proctectomy. Subsequently, our aim was to devise a potential scoring system, 

which could potentially aid in the diagnosis of CD. 

 

The majority of the patients recruited in the CD group had an unhealed 

perineum following proctectomy (80%). One patient had a lay-open procedure 

for a fistula-in-ano and was only subsequently diagnosed with CD after 
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participation in the study. His wounds fully healed at 8 weeks following 

surgery. Interestingly, histological examination of wound tissue from this 

participant showed increased number of plasma cells, which on 

histopathologist PS assessment was the predominant finding in the CD group. 

The final patient had had a perineal ulcer, which macroscopically was 

encased in granulation tissue. Histological examination of this specimen was 

similar to wound tissue specimens from CD unhealed perineum wound tissue.   

 

In the control group, 6 of the participants underwent a lay-open of anal fistula 

(75%) and 1 (12.5%) participant lay-open of a Hidradenitis Suppurativa and 1 

(12.5%) lay-open of pilonidal sinus. All participants had had their procedure 

within the previous 3 months prior to undergoing tissue biopsies. In terms of 

the wound healing cascade, biopsies are likely to have been taken during the 

Proliferative phase characterized by angiogenesis, granulation tissue 

formation and collagen deposition or the Maturation stage, characterized by 

extracellular matrix synthesis, degradation and remodeling. Conversely, in the 

CD group, patients had undergone their procedure between three weeks and 

a year. The participant with a perineal ulcer had had the lesion for 4 months 

prior to participating in the study. Samples in this group may therefore be a 

representation of a later pathway in the wound healing cascade, or a chronic 

non-healing wound. One would therefore expect a difference in the presence 

of inflammatory cells, collagen deposition and vascularity purely on the 

grounds of timing the wound-tissue samples were undertaken.  

 

Polymorphs and plasma cells play an important role in the wound-healing 

cascade. Plasma cells are fully differentiated, mature lymphocyte in the B cell 
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lineage. Plasma cells leaked from damage blood vessels help in the formation 

of a fibrin clot which help to plug the epidermal barrier defect in the 

coagulation phase of wound healing (Martin and Leibovich, 2005). They are a 

prominent cell type in the inflammatory phase, aiding in immune defense and 

clearing debris from the wound (Wilgus 2008). Polymorphs including 

neutrophils and eosinophils are the first immune cells to arrive at the wound 

site, appearing approximately 24 hours after injury. Their role is primarily 

phagocytosis and wound debridement (Park and Barbul, 2004). Neutrophil 

dysfunction can lead to increased infection and wound complications.  The 

neutrophils undergo apoptotic cell death and as the level of neutrophils falls, 

there is an influx of monocytes, which are soon activated into tissue 

macrophages. Macrophages continue the procedure of debridement by 

phagocytosis, and remove the dead neutrophil cells. They also release growth 

factors, which promote the proliferation of fibroblasts and encourage 

angiogenesis, enabling the wound to move into the proliferation phase of 

healing (Adamson 2009). 

 

With similar levels of collagen position and vascularity between the two 

groups, it is suggested that the process of proliferation and formulation of 

granulation tissue is similar between CD and non-CD wound tissue. The 

finding of increased plasma cells in CD wound-tissue suggests a likely 

immunological aetiology in the aberrant wound healing witnessed in CD. 

However, this is based on a small population size and further studies are 

required to determine significant differences in the position and function of 

immune cells. Increasing the number of samples can potentially show 

statistically significant differences in the presence of immune cells, collagen 



	   165	  

formation and vascularity and aid in the development of a validated scoring 

tool. 

 

4.6 Conclusions 

 

Histological assessment of wound tissue suggests a possible increase 

number of plasma cells in Crohn’s disease compared to non-Crohn’s disease 

wound tissue. There is no difference in collagen formation and vascularity 

between the groups.  
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CHAPTER 5 

EFFECT OF DIGITATION IN THE MANAGEMENT OF 

PERINEAL WOUNDS; A RANDOMISED CONTROL 

STUDY. 
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5.1 Introduction 

 

Epithelial wound healing is a complex yet well-orchestrated process that 

involves haemostasis, inflammation, angiogenesis, cell proliferation and 

extracellular matrix remodeling. The ultimate goal is to develop granulation 

tissue and filling of the wound dead space (Gupta et al. 2011; Masuelli et al. 

2010; Olascoaga et al. 2008).  

 

Traditional management of perineal wounds following surgery involves 

packing the residual cavity to allow wound healing by secondary intention. 

The rationale is to provide surgical haemostasis and prevent early skin 

closure over the underlying cavity, which might result in further abscess and 

fistula formation (Tonkin et al. 2004).  In patients undergoing fistulotomy for 

fistula-in-ano, a number of topical applications have been used in an attempt 

to reduce pain and promote faster wound healing, including antibiotics, 

antiseptics and local anaesthetics, but with sub-optimal success rates (Li et al. 

2009).  A recent randomised-control study assessing the effects of topical 

sucralfate (a basic aluminum salt of sucrose octasulfate) has shown promising 

improved healing rates and reduced wound pain (Gupta et al. 2011).  

Perineal wound complications are also a significant problem following APER 

or proctectomy for low rectal cancer, salvage for recurrent or persistent anal 

cancer, and severe IBD. Patients can be troubled by wound infections, 

abscess formation, dehiscence, delayed healing and persistent perineal sinus 

(Wiatrek et al. 2008). For the patient, these wound complications are painful, 

malodorous, and require constant care, which adversely affects quality of life. 
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Cavity packing and dressings are problematic in that they can cause 

significant pain and the process places a substantial burden on community 

nursing-resources because of recurrent dressing changes often for an 

extended period of time (Tonkin et al. 2004). Furthermore, securing dressings 

in the perianal region can be challenging because of mucosal lined tissue, 

creases and folds, and contamination by faecal material (Colwell 2003).  

 

The management of perineal wounds at St. Mark’s Hospital has often involved 

regular digitation to aid healing. Trauma to the wound is a potent angiogenic 

stimulator leading to neovascularization (A. J. Singer and Clark 1999a; Wang 

and Zhao 2006). Digitation potentially allows a quicker progression in the 

wound-healing cascade. Furthermore, the act of digitation debrides necrotic, 

unhealthy or over-granulating tissues, which can impede wound healing 

(Falanga et al. 2008). 

 

The hypothesis tested here was that regular wound digitation would improve 

perineal wound healing following surgery, thereby improving patient 

symptoms and reducing healthcare visits. The present study was designed to 

evaluate the role of regular digitation in the management of open perineal 

wounds by studying post-operative wound healing and quality of life 

parameters in a randomised control trial. 
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5.2 Aims 

 

To assess the effects on wound dimensions and epithelialization of regular 

wound digitation against current standard practice of community nurse-led 

dressings (CNLD) in the management of open perineal or perianal wounds.  

A quality of life assessment was also used to assess the impact of digitation. 

 

5.3 Materials and Methods 

 

5.3.1 Study Design and Ethical Considerations 

 

This was a single-institution, prospective, pilot, randomised control trial 

approved by the North London Research and Ethics Committee (REC no 

10/H0724/43). All participants were handed a Patient Information Sheet and 

provided written consent to participate in the study.  

 

The trial consisted of two arms: the experimental arm consisted of wound 

digitation twice a day for three weeks, and the control arm entailed 

community-led district nurse management for 3 weeks.  

 

5.3.2 Patients 

 

From November 2010 to October 2011, patients aged 18 and over with an 

open perineal wound of three weeks or longer duration following surgery at St. 

Mark’s Hospital in London were evaluated for eligibility. Patients aged 18 and 

over who had undergone proctectomy, lay-open of fistula-in-ano and pilonidal 
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sinus surgery were deemed eligible for the study. Patients with clinically 

infected wounds, known multiple perianal fistulas, perianal dermatitis or open 

wounds of longer than 1 year were excluded from the study.   

 

A total of 29 patients with an open perineal wound of 3 weeks or longer 

duration who attended a Colorectal Surgical or Gastroenterlogy outpatients 

appointment at St. Mark’s Hospital between 1/12/2010 and 24/10/2011 were 

invited to participate in the trial. All 29 patients were deemed eligible to 

participate in the study. Nine patients declined entry into the study; six for 

geographical reasons, and three for concerns regarding pain and bleeding 

following the procedure. Of the 20 enrolled participants, 18 completed the 

study (Fig. 5.1). 

 

5.3.3 Study Interventions / Trial Design (Fig. 5.2) 

 

Following assessment of eligibility and recruitment, a pro-forma highlighting 

participant demographics, past medical and surgical history, drug history and 

social history to include smoking and alcohol use was filled out. An initial 

Quality of Life (QOL) assessment using a modified Perineal Disease Activity 

Index Score (PDAI) was obtained (Table 5.1). Participants were subsequently 

randomly allocated to undergo regular wound digitation or standard 

community dressings. 

Dimensions to include wound length, width and depth (in cm) were measured 

by a research assistant blinded to patient randomisation. Wound area (cm2) 

was calculated by length multiplied by width.  
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Participants randomised to the experimental arm were shown the method of 

wound digitation. The technique involved applying topical 1% Lignocaine gel 

(for the first 2-3 days) over the wound and then using their index finger or a 

bar of plain soap, digitating the wound area for one minute, twice a day, for 

three weeks. This group was asked to avoid the use of packing their wound or 

use of other topical ointments except the anaesthetic gel.  Sanitary pads or 

superficial dressings, if deemed appropriate, were provided.  

 

Participants randomised to the control arm were handed a letter addressed to 

their local district nurse for community-led management for the three-week 

study period.  

 

Participants in both arms were reviewed at three weeks, with a repeat quality 

of life assessment and wound dimension measurements.  

 

 

 

 

 



 

 

 

 

 

 

 

 

Fig. 5.1. CONSORT diagram 
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Fig. 5.2. Study design comparing management of perineal wounds by regular 

digitation and community nurse-led dressings (CNLD). QOL; Quality of Life  
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Table 5.1. Quality of Life assessment scoring system; modified Perineal Disease 

Activity Index (Irvine 1995) 

 

5.3.4 Randomisation and Blinding Procedure 

 

The randomisation method used was a sealed-envelope technique. The 

research assistant undertaking wound dimension measurements was blinded 

to the allocation of intervention and control groups. 

 

5.3.5 Statistics 

 

Statistical analyses were carried out using GraphPad Prism (GraphPad 

Software Inc.) Pooled data are expressed as mean values ± standard error. T-

tests or paired T-tests were employed to compare distributed data. P<0.05 

was considered significant. 

Activity Categories Score 
Discharge No discharge 

Minimal mucous discharge 
Moderate mucous or purulent discharge 
Gross faecal soiling 

0 
1 
2 
3 

Pain/restriction of  
activities 

No restriction 
Mild discomfort, no restriction 
Moderate discomfort, some limitation  
Marked discomfort and limitations 
Severe pain and limitations 

0 
1 
2 
3 
4 

Restriction of sexual 
activity 

No restriction 
Slight restriction 
Moderate restriction 
Marked restriction 
Unable to engage in sexual activity 

0 
1 
2 
3 
4 

Degree of induration No induration 
Minimal induration 
Moderate induration 
Substantial induration 
Gross fluctuance/abscess 

0 
1 
2 
3 
4 

!



5.4 Results 

 

5.4.1 Demographic data (Table 5.2) 

 

Gender and age characteristics of the 20 participants randomised were similar 

in both groups with a higher incidence of men (8:1 in both arms).  The open 

wounds were as a result of proctectomies, laying-open of fistula-in-ano or 

laying open pilonidal sinus disease. Patient factors and co-morbidities that 

can impair wound healing were also defined; there was an equal number of 

patients diagnosed with Crohn’s Disease in both arms, slightly higher number 

of current smokers in the interventional arm (4) compared to the control arm 

(3), and no patients had a history of diabetes or had been on steroid treatment 

in the preceding 3 months since enrolling in the trial. Fig. 5.3 highlights the 

differing types of dressings used in patients in the control arm. 

 

 

Table 5.2. Summary of participant demographics 



 

 

Fig. 5.3. Breakdown of types of dressings used in participants randomised to CNLD 

 

 

5.4.2 Quality of Life Assessment 

 

Participants in the control group, although showing a general healing trend, 

revealed no significant improvement in discharge, pain/restriction of activities, 

restriction of sexual activities and induration following three weeks of 

community-led management of their wound (Fig 5.4b.).  However, in the 

experimental group, the healing process appeared more rapid and there was 

a significant improvement in pain/restriction of activities and induration 

following three weeks of regular digitation (p<0.001). There was no significant 

reduction in discharge or restriction of sexual activities (Fig. 5.4a.).  

 



 

Fig.5.4. Effect of a) Digitation and b) CNLD on quality of life parameters from a 

modified PDAI score in patients with an open perineal wound. Assessments 

were taken on initial recruitment to study and subsequently three weeks post 

wound-management implementation. Participants in the digitation group 

revealed improvement in pain/ROA and induration at three weeks. However, the 

CLND group revealed no statistically significant improvement in any of the 

quality of life parameters. Using un-paired t-test analysis, p < 0.05 was 

considered statistically significant (** p<0.01, ns: not significant). ROA= 

restriction of activities, ROSA= restriction of Sexual activities  

 

 

5.4.3 Wound Dimensions. 

 

Both wound management modalities revealed a significant reduction in wound 

area (length x width) at day 21 compared to day 1 (Digitation group; D1: 13.9 

cm2 ± 3.9 vs D21: 3.8 cm2  ± 1.6, n=9, p<0.005. CNLD group; D1: 22.1 cm2 ± 

9.5 vs D21: 14.4 cm2 ± 8.1, n=9, p<0.005) (Figs. 5.5 and 5.6).   
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Fig.5.5  Examples of improvement in wound dimensions at three weeks in 

patients recruited to the digitation group and CNLD group. Both these patients 

underwent a laying-open of a fistula in-ano and marsupialization using Vicryl 

sutures.  
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Fig.5.6 Effect of a) Digitation and b) CNLD on perineal wound area dimensions 

(length x width, cm2). Dimensions were measured at time of randomisation (Day 

1) and at the end of the study period (Day 21). A significant reduction in wound 

area was found at Day 21 in both groups. Using paired t-test analysis, P < 0.05 

was considered statistically significant (** p<0.01)  

 

When comparing the overall effect of wound digitation with CNLD on perineal 

wound dimensions, a calculation to assess any reduction in wound area as a 

percentage of the original wound area. Improvement in wound area (%) was 

calculated as follows: 

D1 wound area (cm2) – D21 wound area (cm2)    X 100    
                       D1 wound area (cm2) 
  

The results indicate a trend to increased improvement in wound area in the 

digitation group compared to CNLD group (Fig. 5.7), but the result did not  
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reach statistical significance (Digitation group 75.06 ± 3.145 vs. CNLD group 

54.83 ± 9.756, n=9, p= 0.06).  

 

Fig.5.7. Comparison of regular digitation versus CNLD for three weeks in 

improvement of perineal wound area (%) in all participants. Regular wound 

digitation appears to have a similar effect on improvement in wound area as 

CNLD. Using un-paired t-test analysis, p < 0.05 was considered statistically 

significant (ns: not significant). 
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5.5 Discussion 

 

A low-cost, outpatient, non-sterile management process for perianal and 

fistula wounds was evaluated in a randomised pilot study comparing wound 

healing rates and quality of life outcomes with standard community nurse-led 

care. Digitation of perineal has been the anecdotal practice of a number of 

coloproctologists and specialist nurses at St. Mark’s Hospital, but this is the 

first report in the literature on the effect of digitation on perineal wound 

healing. 

 

Perineal wound closure is hampered by the rigidity of the surrounding 

structures of the pelvis, with primary closure frequently performed under 

tension and a significant factor in perineal wound failure. Following 

proctectomy, resection of the rectum and anus from the pelvis creates a large 

cavity that is fixed by the surrounding pelvic bony structures, with a resulting 

pelvic dead space that can easily be filled with fluid and blood clot. This 

process increases the risk of development of wound infections, pelvic 

abscess, and a perineal wound sinus (Wiatrek et al. 2008). Further challenges 

relate to the associated moist mucosa, bacteria from stool, and uneven skin 

and tissue planes which can all hinder perineal wound healing (Colwell 2003).  

Current available wound management modalities include Omentoplasty 

(Yamamoto et al. 2001), gracilis muscle advancement flaps (Ryan 1984), 

posterior thigh fasciocutaneous flaps (Hurst et al. 2001), gluteus maximus VY-

advancement flaps (Hurst et al. 2001), vacuum-assisted closure (Argenta and 

Morykwas 1997; Schaffzin et al. 2004) and rectus abdominal myocutaneous 

flaps (Menon et al. 2005). However, success rates are varied in the literature. 
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Fistulotomy wounds leave raw unepithelialized endoanal and perianal tissue 

to heal over, which may require hospitalization for irrigation and dressings, 

and are prone to bleeding and recurrent sepsis (Pescatori et al. 2005).  

Marsupialization after fistulotomy or fistulectomy has been shown significantly 

to reduce the size of the wound (Garcia-Aguilar et al. 1996; Ho et al. 1998; 

Pescatori et al. 2005). However, questions arise whether suture of the 

perianal skin to the sensitive epithelium in the anal canal might cause more 

pain. 

 

The study population was homogenous in respect to similar demographic 

variables and presence of concomitant factors that may impair wound healing. 

However, have the procedures undertaken varied between the two groups.  

To reduce observer bias, all wound measurements were undertaken by a 

single research assistant who was blinded to the group allocation of the 

participants. Participants, as well as the primary researcher (whose role was 

to recruit, obtain demographic and medical data and to train participants in the 

process of digitation or dictate letters to community-nurse practitioners) were 

not blinded to the process. 

 

For quality of life assessment, a modification of the validated Perineal Disease 

Activity Index (Irvine 1995) was used that excluded “type of perianal disease” 

category. This instrument is currently the gold standard for evaluating severity 

of perianal disease in Crohn’s disease (Sostegni et al. 2003). 

Regular wound digitation resulted in a significant improvement in pain, 

restriction of daily activities and degree of induration. A trend towards 

improvement in discharge and restriction of sexual activity was present, but 
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this was not statistically significant.  In the control group, there was no 

statistically significant improvement in any of the quality of life parameters.  

 

The question arises as to whether the actual method of digitating a raw open 

wound could cause patient discomfort, despite the use of a topical anesthetic 

gel. The participants in this group found digitating to be mildly painful for up to 

the first three days of the study period. However, this subsided soon after, and 

the procedure was performed with relative comfort across the remaining 

period. Comparably, regular wound dressing is hampered with patient 

discomfort and pain as well as significant patient inconvenience and cost 

(Senecal 1999).  

 

Although no formal cost analysis was undertaken, it would be reasonable to 

assume the cost implications to patients and the health service should be 

substantially less if these wounds were managed with patient digitation.  The 

only costable consumables required were topical anaesthetic gel and 

superficial dressings or pads. Reducing visits to community nurse 

practitioners further limit time off work and travelling costs as well as reducing 

the healthcare burden. 

 

The initial analysis sought to assess the efficacy in accelerating reduction of 

wound dimensions using regular wound digitation and CNLD. The results 

showed that both wound management modalities led to a significant reduction 

in wound dimensions when applied for three weeks.  

 

Subsequently, analysis focused on whether there was any statistical benefit in 
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wound area improvement between regular digitation and standard CNLD. The 

results suggested that improvement in wound area might be higher in the 

digitation group compared with control group, but the result did not reach 

statistical significance. However, note must be made of the small sample size. 

With increasing the number of participants, it is possible that a potential 

statistical difference between the two management processes maybe 

demonstrated. Furthermore, assessment of sub-group analysis (e.g. in 

Crohn’s patients) may be possible. 

 

5.6 Conclusions 

In the absence of any gain from the much more expensive and labour-

intensive standard community nurse-led dressings, the convenience, low cost 

and significant reduction in pain, restriction of daily activities and degree of 

induration of patients, self-digitation recommends itself as a new standard of 

care in the management of open perianal or fistula wounds. 
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CHAPTER 6 

GENERAL CONCLUSIONS AND FUTURE WORK 
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6.1 General conclusions 

1. The cutaneous manifestations of CD are described as three separate 

entities in the literature, namely, granulomatous lesions, reactive skin lesions 

and manifestations secondary to nutritional deficiencies. Cutaneous wound 

failure should be considered a separate fourth subgroup, and impacts on a 

significant proportion of CD patients undergoing surgery. 

2.  The presence of perineal sepsis is an important predictive factor in the 

development of an unhealed perineum following surgery. The rate for an 

unhealed perineum was 23% at 12 months in patients undergoing APER, 

proctoclectomy and pouch excision at St. Mark’s hospital between 1997 and 

2009.    

3. Immune cell composition revealed a number of findings: 

a.  Dendritic cells were successfully identified in all wound tissue 

samples. These has previously never been characterised before. 

b. Wound tissue and blood DC have an equal distribution of myeloid 

and plasmacytoid phenotype 

c. There is increased expression of TLR2 on myeloid DC in blood and 

wound tissue compared to plasmacytoid DC 

d. T-cells in blood from patients with CD and non-CD wounds 

expressed higher levels of gut-homing molecule B7 then skin-homing 

molecule CLA 
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e. IL-6 is the predominant cytokine produced by wound tissue 

supernatants 

f.  DC stimulatory capacity is dependent on DC tissue of residence 

4. A number of differences were found in comparison of immune cell 

composition and homing properties in CD patients with wounds and non-CD 

patients with wounds: 

a. Expression of skin-homing marker CLA was significantly reduced on 

DC from CD wound tissue compared with non-CD wound tissue, 

suggesting DC migration away from the skin in CD wounds 

b. Wound DC stimulated dose-dependent allogenic T-cell proliferation; 

both wound and blood DC from CD patients were significantly less 

stimulatory than their control DC counterparts. Furthermore, There was 

lower expression of skin homing marker CLA on dividing T-Cells in CD 

wound tissue and blood samples. This suggests a loss of function of 

DC in CD patients with wounds.  

c. There was reduced expression of lymph-node homing markers in 

blood DC from CD patients with wounds compared with blood DC from 

non-CD patients with wounds 

d. In control wounds, the cytokine of dividing T-cells suggests an 

inflammatory response, whereas in CD wound tissue, there is a mixed 

inflammatory and regulatory response 

4. Histological assessment of CD wound tissue revealed no evidence of 

non-caseating granulomas; a distinct feature in intestinal and metastatic CD. 
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There is a suggestion of a higher proportion of plasma cells in CD wound 

tissue compared to non-CD tissue, further increasing the evidence of an 

immune-mediated aetiology for the aberrant healing witnessed in CD 

5. Regular wound digitation is a safe, convenient alternative to wound 

dressing, offering comparable healing results and superior outcomes in quality 

of life measures. 

 

6.2. Future work  

Identifying immune cell composition and function in CD wounds are likely to 

translate into guidance for future research into this area, which is currently 

lacking. By identifying the factors involved, the ultimate aim is to eventually 

guide the development of novel therapeutic strategies in the management of 

the unhealed wound in CD.  

 

Future studies should concentrate on assessing the immunological difference 

in wounds from CD and non-CD patients, pre- and post-digitation therapy. 

This will offer an opportunity to assess changes to immune cell composition 

and homing profiles at different stages in the wound-healing cascade. 

Increasing the number of participants may also reveal a statistically significant 

improvement in wound area dimensions in the digitation arm. 
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Comparison of local wound perfusion in patients with CD wounds and control 

wounds would also be of interest. Using a Laser Doppler to characterise 

wounds dependent on areas of perfusion and assessing differences in 

immune cell composition in differing areas of perfusion may also give rise to 

valuable information on the processes resulting in wound failure in CD. 
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