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Chapter 7

Different molecular, cellular and histological properties of
skin of different body sites: the roots of keloid formation?

Properties of keloid predilection sites

Abstract
The purpose of this study was to examine extracellular matrix composition, vascularization
and immune cell population of skin at different anatomical sites prone to keloid formation.
Keloids remain a complex problem, posing esthetical as well as functional difficulties for
those affected. These scars tend to develop at anatomic sites of preference. Mechanical
properties of skin vary with anatomic location and depend largely on extracellular matrix
composition. These differences in extracellular matrix composition, but also vascularization and resident immune cell populations might play a role in the mechanism of keloid
formation.
To examine this hypothesis, skin samples of several anatomic locations were taken from 24
human donors within zero to 36 hours after they had deceased. Collagen content and crosslinks were determined through high-performance liquid chromatography. The expression of
several genes, involved in extracellular matrix production and degradation, was measured
by means of real-time PCR. (Immuno) histochemistry was performed to detect fibroblasts,
collagen, elastin, blood vessels, Langerhans cells and macrophages.
Predilection sites for keloid formation exhibited larger amounts of collagen, but decreased
numbers of macrophages, in particular classically activated CD40 positive macrophages.
Extracellular matrix properties (collagen and cross-links) as well as macrophage numbers
also varied with anatomic location. In conclusion, keloid predilection sites display histological, protein and genetic differences compared to non-predilection sites. Keloids may be
partly caused by predisposing altered properties of skin in these predilection sites.
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Introduction
Keloids are scars which are raised above skin level and exceed the boundaries of the original wound1. These scars cause considerable morbidity esthetically as well as functionally,
but the underlying mechanism remains largely unknown. Histological studies have shown
that extracellular matrix (ECM) of keloids is different from ECM of normal skin as well
as normal scars2. For example, keloids contain larger proportions of collagen compared to
normal skin2. In addition, keloids tend to develop more often at specific body sites3. These
sites include the earlobes, the mandible, upper back, presternal skin and shoulders3,4. It is
possible that specific histological properties of these predilection sites contribute to keloid
formation. Skin in different body sites has to endure different kinds of influences such as
mechanical forces, UV radiation and trauma. Skin tensile strength, for instance, is accomplished through the number and type of collagen fibers and cross-linking5. Collagen crosslinks exist of roughly two types: non-enzymatic (for example pentosidine) and enzymatic
(allysine and hydroxyallysine pathways)6. Non-enzymatic cross-links are more susceptible
for degradation than mature enzymatic cross-links7. Different rates of cross-linking have
been observed in scar tissue compared to normal skin8. Since skin is exposed to site-specific influences, it is not surprising that skin of different anatomical locations also has different histological properties5,9. Histological properties such as ECM, vascularization and
immune cells also play important roles in wound healing10. The aim of the present study
was to examine histological differences between keloid predilection sites and non-predilection sites in order to discover whether specific skin properties can predispose for keloid
formation. To the authors’ knowledge, this has not been studied previously.

Methods
Skin samples were taken from individuals who had donated their bodies for scientific research to the University Medical Center Utrecht and the VU University Center, Amsterdam.
Sample collection
Full thickness skin samples were taken from 24 donors within 72 hours after they had
deceased. The skin samples measured about 1 by 2 centimeters and weighed 2 to 4 grams.
Part of the skin samples were frozen and stored at minus 80 degrees Celsius until later use.
Another portion of these samples was stored in 10% formalin at 4 degrees Celsius before
being embedded in paraffin.
Samples were taken from different anatomical sites which were either prone (earlobes,
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mandible, neck, presternal skin, upper back and shoulders) or non-prone (upper eyelid,
cheek (above maxilla and central), abdomen, dorsal elbow, volar lower arm, volar hand,
dorsal metacarpal III, dorsal lower leg, sole of the foot) to keloid formation3,4,11.
Extracellular matrix
Percentage of collagen (proportion of dry weight of tissue) was measured by TNO-PG
Leiden (the Netherlands) by means of high-performance liquid chromatography according
to well established chromatography protocols12.
Collagen 1α, collagen 3 and MT-MMP mRNA expression were determined as follows:
fresh frozen tissue sections were lysed in Trizol® reagent. RNA isolation was performed
using Trizol® reagent, chloroform and isopropanol. cDNA was produced with a Reverse
Transcription System kit (Promega Clorporation, Madison, WI) according to the manufacturer’s instructions. Sample cDNA was diluted 10 times with water. Primer mix was
prepared with 5μl SYBR® Green DNA polymerase (Applied Biosystems, Foster City,
CA), 0.3μl forward and reverse primers and 2.2μl water. Subsequently 2.5μl of sample and
7.5μl primer mix was added per well. Water served as the negative control. Real-time PCR
was performed on a StepOnePlusTM Real-Time PCR system (Applied Biosystems). ABI
7900HT software (SDS 2.3, Applied Biosystems) was used to calculate Ct values. Gene
expressions were normalized against reference genes EF-1α and YWHAZ.
Collagen diameters and orientation index were examined on skin sections stained with
eosin. Collagen bundle thickness was measured by means of the distance mapping method
as described by Verhaegen and colleagues13. Fast Fourier analysis was used to calculate
collagen orientation index (COI), where a COI of 0 indicates total randomness and a COI
of 1 indicates parallel orientation4.
Amino acids involved in collagen cross-linking were measured by means of high-performance liquid chromatography and comprised hydroxyproline (Hyp)/proline (Pro)
(represents hydroxylation status of proline; stabilizes collagen triple helix), hydroxylysine
(Hyl)/triple helix (TH) ratio (enzymatic cross-link precursor), hydroxylysylpyridinoline
(HP)/TH ratio (mature, non-reducible enzymatic cross-links), lysylpyridinoline (LP)/TH
ratio (enzymatic cross-links) and pentosidine (Pento)/TH ratio (non-enzymatic crosslinks)6,14,15. mRNA expression of lysyl oxidase (Lox), telopeptide lysyl hydroxylase (TLH)
- genes involved in collagen cross-linking - was examined by means of Real-Time PCR as
described above6,16.
Skin sections were stained with elastica von Gieson in order to make elastin fibers
visible5. Elastin content was scored visually by three different observers.
Cells and vascularization
In order to quantify fibroblast numbers, immunohistochemistry was performed with mono108
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clonal mouse antibodies against vimentin (clone V9, diluted 1:40, AbD Serotec, Bio-Rad,
Hercules, CA; figure 1A).
Endothelium was stained with monoclonal mouse CD31 (clone JC70A, Dako Denmark
A/S, Glostrup, Denmark) antibodies (figure 1B). Blood vessel density (number of blood
vessels per cm2) was measured using the Chalkley method17.
Eyelid		

Earlobe

A.

B.

Figure 1: immunohistochemical staining of upper eyelid and back of
earlobe with (A) vimentin, (B) CD31 (blood vessels). Bars ≡ 100µm.

Lastly, skin sections were stained for macrophages (Mφ) and Langerhans cells (LC).
Monoclonal mouse anti human antibodies were used to perform a fluorescent triple staining for CD68 (clone EBM11, 24μg/ml, Dakocytomation California Inc., Carpinteria, CA),
CD40 (clone LOB7/6, 20μg/ml, AbD Serotec) and mannose receptor (MR) (CD206-Bio,
clone 15-2, 10μg/ml, Biolegend). CD68 is a pan Mφ marker. CD40 and MR are the most
suitable markers to distinguish classically activated macrophages (M1) from alternatively
activated macrophages (M2)18,19. Monoclonal mouse antibodies against Langerin (clone
10E2, 0.5μg/ml, VUmc, Amsterdam, the Netherlands) were used to stain LC.
ImageJ version 1.47m (http://rsb.info.nih.gov/ij/) and CellProfiler version 2.0 (r11710)
(http://www.cellprofiler.org/) software were used to analyze sections for stained area and
number of cells.
Statistical analysis
Data are presented as medians and interquartile range. SPSS 20 software (IBM Corporation, Armonk, NY) was used: the Friedman test was used to examine differences of variables
between anatomic locations and Wilcoxon Signed Ranks test was used to compare related
samples. P values < 0.05 were considered statistically significant.
109
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Results
The research population consisted of 24 donors. There were 10 males and the mean age
was 79 years (range 48-90). Donors had Caucasian ethnic backgrounds. Co-morbidity of
most donors was unknown.
Keloid predilection sites
Percentage of collagen (proportion of dry weight of tissue) was significantly higher in
keloid predilection sites (p < 0.005). Also, hydroxyproline/proline (Hyp/pro) ratios were
higher in predilection sites (p < 0.005). Hydroxylysine per triple helix (Hyl/TH) and hydroxylysylpyridinoline/TH (HP/TH) were lower in predilection sites compared to non-predilection sites (p < 0.005).
There were no significant differences in collagen1α-, collagen3- and MT-MMP mRNA
expression, nor in collagen bundle thickness collagen orientation index (COI), lysylpyridinoline/TH (LP/TH), pentosidine/TH (pento/TH), TLH and Lox mRNA, elastin or vimentin
(fibroblasts).
Significantly lower CD68 positive cell (macrophage; Mφ) numbers were observed
in predilection sites (p < 0.05). There were significantly less CD40 positive Mφ (M1) in
predilection sites, but mannose receptor positive Mφ (M2) numbers were equal in predilection- and non-predilection sites (p < 0.05, p = 0.333 respectively).
Increased Langerin staining was observed around skin hair follicles. The association of
Langerhans cells with hair follicles is a known phenomenon20. There were no significant
differences in Langerhans cell numbers per mm2 between predilection and control sites. No
differences were observed with respect to number of blood vessels per cm2 (CD31) either.
See table 1 for an overview of the results with respect to predilection sites.
Anatomic locations
Significant differences in collagen percentage were seen between locations (p < 0.001).
The back contained the highest percentage and the cheek and sole of the foot contained the
lowest percentage. MT-MMP mRNA expression, Hyp/pro-, Hyl/TH- and Pento/TH- ratios
also differed significantly between anatomical locations (p < 0.001). Pento/TH ratios were
highest in the sole of the foot and lowest in the eyelid, lower arm and finger. Lox mRNA
expression and elastin were significantly different between locations as well (p = 0.008, p =
0.001 respectively). See also figure 2A. There were no significant differences with respect
to collagen1α and collagen3 mRNA expression, collagen bundle thickness, collagen orientation index, HP/TH, LP/TH or TLH mRNA expression.
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Variable
Keloid sites
Control sites
p value
Collagen (%)
51 (15)
30 (16)
0.000
Collagen1α (mRNA)
0.003 (0.009)
0.003 (0.011)
0.658
Collagen3 (mRNA)
0.004 (0.014)
0.004 (0.009)
0.878
MT-MMP (mRNA)
0.017 (0.053)
0.018 (0.060)
0.320
Collagen thickness (μm)
2
(2)
2
(1)
0.233
COI
0.81 (0.12)
0.82 (0.12)
0.724
Hyp/Pro
0.68 (0.12)
0.63 (0.14)
0.001
Hyl/TH
21 (5)
29 (21)
0.000
HP/TH
0.013 (0.008)
0.019 (0.021)
0.002
LP/TH
0.023 (0.017)
0.026 (0.020)
0.066
Pento/TH
0.002 (0.001)
0.002 (0.001)
0.848
TLH (mRNA)
0.08 (0.10)
0.07 (0.16)
0.892
Lox (mRNA)
0.005 (0.015)
0.006 (0.028)
0.307
Elastin score
3
(2)
3
(2)
0.984
Vimentin positive area (%)
13 (13)
13 (10)
0.127
2
Blood vessels (CD31)/mm
27 (20)
29 (12)
0.483
2
Macrophages (CD68)/mm
58 (101)
132 (117)
0.002
+
2
M1 (CD40 ) macrophages/mm
12 (46)
51 (58)
0.001
+
2
M2 (MR ) macropahges/mm
3
(3)
3
(6)
0.333
2
Langerhans cells/mm
319 (404)
375 (314)
0.590
Table 1: results predilection sites Data are presented as median (IQR). mRNA expression is
presented as 2^-ΔCt. The Wilcoxon Signed Ranks test was used to compare locations. IQR =
interquartile range, COI = collagen orientation index, Hyp = hydroxyproline, Pro = proline, Hyl =
hydroxylysine, HP = hydroxylysylpyridinoline, LP = lysylpyridinoline, TH = triple helix, Pento =
pentosidine, TLH = telopeptide lysyl hydroxylase, Lox = lysyl oxidase, MT-MMP = membrane-type
matrix metalloproteinase.

Vimentin stainings showed significant differences between locations (p = 0.002),
where the eyelid contained the highest amount of staining, whereas the back of the earlobe
contained the least. There were also significant differences in Mφ numbers (p = 0.022).
M1, but not M2 displayed significant differences between locations (p = 0.014, p = 0.397
respectively). See also figure 2B.
There were no significant differences in Langerhans cell numbers per mm2 or number
of blood vessels per cm2 (CD31) between skin locations.
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A.

B.

Figure 2: results anatomic locations (A) extracellular matrix components, (B) cells. Data are
presented as medians, error bars represent interquartile ranges. mRNA expression is presented
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as 2^-ΔCt, normalized against reference genes Ef1α and YWHAZ; amount of elastin is presented
as visual score 1 to 4. Gray bars = non-predilection areas, pink bars = predilection areas, * = p
value <0.05, *** = p value <0.005, MT-MMP = membrane-type matrix metalloproteinase, Hyp =
hydroxyproline, Pro = proline, Hyl = hydroxylysine, TH = triple helix, HP = hydroxylysylpyridinoline, Pento = pentosidine, Lox = lysyl oxidase, M1 = M1 (CD40+) macrophages, M2 = M2 (MR+)
macrophages, No = number.

Discussion
In this study significant differences in extracellular matrix (ECM) composition and macrophage (Mφ) numbers were observed between keloid predilection sites and non-predilection sites. In addition, differences were found in connective tissue properties as well as Mφ
numbers in skin of different anatomic locations.
Keloids remain a complex problem, causing considerable morbidity esthetically as well
as functionally, but the exact mechanism of keloid formation remains unknown. Keloids
contain higher amounts of collagen with more cross-links, higher amounts of elastin and
higher numbers of blood vessels compared to normal skin and normal scars2,21-24. Although
benign overgrowths, keloids exhibit neoplasm-like behavior by expanding into the surrounding dermis25,26. Also, they tend to develop more frequently in predilection sites which
comprise earlobes, mandible, neck, presternal skin, upper back and shoulders3,4,11.
Keloid predilection sites
In the present study increased amounts of collagen were observed in keloid predilection
sites as compared to non-predilection sites, which is similar to the increased amounts of
collagen observed in keloids2. However, predilection sites contained lower numbers of mature enzymatic (non-reducible) cross-links and equal amounts of non-enzymatic cross-links
compared to non-predilection sites. This does not correspond with the increased numbers
of cross-links observed in keloids21,22. Moreover, lower amounts of hydroxylysine (Hyl)
were measured in predilection sites. Hyl residues are potential sites for mature enzymatic, non-reducible cross-link formation in collagen6. Several studies indicate that keloids
contain increased numbers of immature enzymatic, easily degradable cross-links rather
than mature cross-links21,27. But the present study did not examine immature cross-linking.
Evidently, the low numbers of cross-links observed in keloid predilection sites will increase during keloid formation. Possibly, TLH and Lox, both of which generate enzymatic
cross-links, are quiescent in intact skin of predilection sites, only to get upregulated after
wounding28,29.
In contrast to the low numbers of cross-links, collagen in keloid predilection sites
contains increased amounts of hydroxylated proline (Hyp) as compared to non-predilection
113
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sites. Hyp stabilizes the collagen triple helix14. Increased Hyp has also been observed in
other forms of fibrosis30. However, its exact role in fibrosis, other than being a marker for
collagen, has not been elucidated.
The ECM properties of predilection sites could contribute to keloid formation as follows. Fibroblasts migrate by binding ECM and degrading and reorientating the ECM31. The
large amount of (not intensively maturely cross-linked) collagen in keloid predilection sites
may alter fibroblast behavior, providing a basis for keloid formation and outgrowth. This
hypothesis is supported by the observation of Ashcroft and colleagues that non-affected
skin surrounding keloids stimulates fibroblast migration and proliferation32.
In addition to ECM composition, inflammation can play a role in keloid formation.
Previous studies have indicated that keloids produce more inflammatory mediators than
normal skin33,34. In contrast, the decreased numbers of classically activated, inflammatory
Mφ (M1) in keloid predilection sites suggest an inhibited inflammatory state compared to
non-predilection sites. A decreased inflammatory state has also been reported in hypertrophic scar-, but not in keloid formation35,36. A reduced inflammatory state could suppress the
inflammatory phase of wound healing, consequently prolong the inflammatory phase and
induce excessive scarring36. Also, the decreased M1 numbers in predilection sites shift the
balance towards alternatively activated, pro-fibrotic Mφ (M2). Indeed, a role for M2 has
also been suggested in lung fibrosis37. In addition, a shift towards M2 phenotype is associated with tumor progression38,39. Consequently, the inhibited inflammatory milieu (skewed
towards M2) in keloid predilection areas could facilitate migration of keloid fibroblasts and
therefore keloid outgrowth.
Obviously, there are histological differences observed in keloid predilection sites
compared to non-predilection sites. Location dependent variation in ECM composition and
even fibroblast phenotype has been recognized before9,40. However, in keloid predilection
sites, keloids are believed to be evoked by stretch3. But collagen orientation index (COI) in
predilection sites was not significantly different from non-predilection sites in the present
study. Also, the earlobe, which is a predilection site, is not subject to stretch. In addition,
COI in keloids is similar to COI in normal scars4,41. Consequently, stretch may not be as
important in keloid formation as literature suggests. Instead, the present study suggests that
the above mentioned ECM qualities and macrophage population provide the foundation
for keloid formation. But, the precise mechanism needs to be elucidated. Since not every
individual develops keloids, other factors besides histological properties are also necessary
to establish keloid formation.
Anatomic locations
Significant differences in fibroblast numbers, percentage of collagen, cross-links and elastin were observed between different anatomic locations. This is in accordance to location
114
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dependent differences in mechanical skin properties, which are accomplished through
elastin and collagen composition5.
In addition, Mφ numbers varied with anatomic location. To the author’s knowledge,
this finding has not been reported in literature before. Location dependent differences in
immune cell population could be the result of site specific differences in bacterial colonization and exposure to irritants such as UV radiation, cosmetics and soaps42-44.

Conclusions
In conclusion, there are differences with respect to extracellular matrix composition and
immune cell population in keloid predilection sites versus non-predilection sites. These findings support the hypothesis that keloid formation can be partly due to local skin properties
of specific sites.
Future research should include exploration of endothelial activation status and immune
cell behavior in predilection sites, preferably in living subjects, for example heart beating
donors.

Acknowledgements
The authors would like to thank the personnel of the department of neuroanatomy of the
VU Medical Center for providing the human donors for this study. The authors would also
like to thank the personnel of TNO-PG Leiden for performing the high-performance liquid
chromatographies.

7

115

Properties of keloid predilection sites

References
1. Niessen FB, Spauwen PH, Schalkwijk J, Kon M.
On the nature of hypertrophic scars and keloids: A
review. Plast Reconstr Surg. 1999;104:1435-58.
2. Hellström M, Hellström S, Engström-Laurent A,
Bertheim U. The structure of the basement membrane zone differs between keloids, hypertrophic
scars and normal skin: A possible background to an
impaired function. J Plast Reconstr Aesthet Surg.
2014;67:1564-72.
3. Ogawa R, Okai K, Tokumura F, Mori K, Ohmori
Y, Huang C et al. The relationship between skin
stretching/contration and pathologic scarring: the
important role of mechanical forces in keloid generation. Wound Repair Regen. 2012;20:149-57.
4. Verhaegen PD, van Zuijlen PP, Pennings NM,
van Marle J, Niessen FB, van der Horst CM et al.
Differences in collagen architecture between keloid,
hypertrophic scar, normotrophic scar, and normal
skin: An objective histopathological analysis. Wound
Repair Regen. 2009;17:649-56.
5. Kazlouskaya V, Malhotra S, Lambe J, Idriss MH,
Elston D, Andres C. The utility of elastic Verhoeff-Van Gieson staining in dermatopathology. J
Cutan Pathol. 2013;40:211-25.
6. Eyre DR, Paz MA, Gallop PM. Cross-linking in collagen and elastin. Annu Rev Biochem.
1984;53:717-48.
7. van der Slot-Verhoeven AJ, van Dura EA, Attema J, Blauw B, Degroot J, Huizinga TW et al. The
type of collagen cross-link determines the reversibility of experimental skin fibrosis. Biochim Biophys
Acta. 2005;1740:60-7.
8. van den Bogaerdt AJ, van der Veen VC, van
Zuijlen PP, Reijnen L, Verkerk M, Bank RA et al.
Collagen cross-linking by adipose-derived mesenchymal stromal cells and scar-derived mesenchymal
cells: Are mesenchymal stromal cells involved in
scar formation? Wound Repair Regen. 2009;17:54858.

116

9. RinnJL, Wang JK, Liu H, Montgomery K, van
de Rijn M, Chang HY. A systems biology approach
to anatomic diversity of skin. J Invest Dermatol.
2008;128:776-82.
10. Broughton G 2nd, Janis JE, Attinger CE. The
basic science of wound healing. Plast Reconstr Surg.
2006;117:12S-34S.
11. Bayat A, Arscott G, Ollier WE, Ferguson
MW, McGrouther DA. Description of site-specific
morphology of keloid phenotypes in an Afrocaribbean population. Br J Plast Surg. 2004;57:122-3.
12. Bank RA, Jansen EJ, Beekman B, TeKoppele
JM. Amino acid analysis by reverse-phase high-performance liquid chromatography: Improved derivatization and detection conditions with 9-fluorenylmethyl chloroformate. Anal Biochem. 1996;240:167-76.
13. Verhaegen PD, Marle JV, Kuehne A, Schouten
HJ, Gaffney EA, Maini PK et al. Collagen bundle
morphometry in skin and scar tissue: a novel distance mapping method provides superior measurements compared to Fourier Analysis. J Microsc.
2012;245:82-9.
14. van der Slot-Verhoeven AJ (2005). Telopeptide
lysyl hydroxylase: a novel player in the field of
fibrosis (Unpublished doctoral dissertation). University of Leiden, The Netherlands.
15. Haus JM, Carrithers JA, Trappe SW, Trappe
TA. Collagen, cross-linking, and advanced glycation
end products in aging human skeletal muscle. J Appl
Physiol. 2007;103:2068-76.
16. van der Slot AJ, van Dura EA, de Wit EC, De
Groot J, Huizinga TW, Bank RA et al. Elevated
formation of pyridinoline cross-links by profibrotic cytokines is associated with enhanced lysyl
hydroxylase 2b levels. Biochim Biophys Acta.
2005;1741:95-102.
17. Vermeulen PB, Gasparini G, Fox SB, Colpaert
C, Marson LP, Gion M et al. Second international
consensus on the methodology and criteria of evalu-

Chapter 7

ation of angiogenesis quantification in solid human
tumours. Eur J Cancer. 2002;38:1564-79.

and hypertrophic scar. Am J Dermatopathol.
2004;26:379-84.

18. Vogel DY, Vereyken EJ, Glim JE, Heijnen PD,
Moeton M, van der Valk P et al. Macrophages in
inflammatory multiple sclerosis leasions have an
intermediate activation status. J Neuroinflammation.
2013;10:35.

27. Di Cesare PE, Cheung DT, Perelman N, Libaw
E, Peng L, Nimni ME. Alteration of collagen composition and cross-linking in keloid tissues. Matrix.
1990;10:172-8.

19. Glim JE, Beelen RHJ, Niessen FB, Everts
V, Ulrich MMW. The number of immune cells is
lower in healthy oral mucosa compared to skin and
does not increase after scarring. Arch Oral Biol.
2015;60:272-81.
20. Nagao K, Kobayashi T, Moro K, Ohyama M,
Adachi T, Kitashima DY et al. Stress-induced production of chemokines by hair follicles regulates the
trafficking of dendritic cells in skin. Nat Immunol.
2012;13:744-52.
21. Uzawa K, Marshall MK, Katz EP, Tanzawa H,
Yeowell HN, Yamauchi M. Altered posttranslational
midifications of collagen in keloid. Biochem Biophys
Res Commun. 1998;249:652-5.
22. van der Slot-Verhoeven AJ, Zuurmond AM, van
den Bogaerdt AJ, Ulrich MM, Middelkoop E, Boers
W et al. Increased formation of pyridinoline crosslinks due to higher telopeptide lysyl hydroxylase
levels is a general fibrotic phenomenon. Matrix Biol.
2004;23:251-7.

28. Fushida-Takemura H, Fukuda M, Maekawa N,
Chanoki M, Kobayashi H, Yashiro N et al. Detection
of lysysl oxidase gene expression in rat skin during
wound healing. Arch Dermatol Res. 1996;288:7-10.
29. Knapp TR, Daniels RJ, Kaplan EN. Pathologic
scar formation. Morphologic and biochemical correlates. Am J Pathol. 1977;86:47-70.
30. Luo Y, Xu W, Chen H, Warburton D, Dong R,
Qian B et al. A novel profibrotic mechanism mediated by TGFβ-stimulated collagen prolyl hydroxylase
expression in fibrotic lung mesenchymal cells. J
Pathol. 2015;236:384-94.
31. Friedl P, Zänker KS, Bröcker EB. Cell migration strategies in 3-D extracellular matrix: Differences
in morphology, cell matrix interactions, and integrin
function. Microsc Res Tech. 1998;43:369-78.
32. Ashcroft KJ, Syed F, Bayat A. Site-specific
keloid fibroblasts alter the behaviour of normal skin
and normal scar fibroblasts through paracrine signalling. PLoS One. 2013;8:e75600.

23. Amadeu T, Braune A, Mandarim-de-Lacerda C,
Porto LC, Desmoulière A, Costa A. Vascularisation
pattern in hypertrophic scars and keloids: A stereolocical analysis. Pathol Res Pract. 2003;199:469-73.

33. Lim CP, Phan TT, Lim IJ, Cao X. Cytokine
profiling and Stat3 phosphorylation in epithelial-mesenchymal interactions between keloid keratinocytes
and fibroblasts. J Invest Dermatol. 2009;129:851-61.

24. Amadeu TP, Braune AS, Porto LC, Desmoulière
A, Costa AM. Fibrillin-1 and elastin are differentially expressed in hypertrophic scars and keloids.
Wound Repair Regen. 2004;12:169-74.

34. Nirodi CS, Devalaraja R, Nanney LB, Arrindell
S, Russel S, Trupin J et al. Chemokine and chemokine receptor expression in keloid and normal
fibroblasts. Wound Repair Regen. 2000;8:371-82.

25. Vincent AS, Phan TT, Mukhopadhyay A, Lim
HY, Halliwell B, Wong KP. Human skin keloid
fibroblasts display bioenergetics of cancer cells. J
Invest Dermatol. 2008;128:702-9.

35. Niessen FB, Andriessen MP, Schalkwijk J,
Visser L, Timens W. Keratinocyte-derived growth
factors play a role in the formation of hypertrophic
scars. J Pathol. 2001;194:207-16.

26. Lee JY, Yang CC, Chao SC, Wong TW.
Histopathological differential diagnosis of keloid

36. van den Broek LJ, van der Veer WM, de Jong
EH, Gibbs S, Niessen FB. Suppressed inflammatory

117

7

Properties of keloid predilection sites

gene expression during human hypertrophic scar
compared to normotrophic scar formation. Exp
Dermatol. 2015;doi: 10.1111/exd.12739.
37. Pechkovsky DV, Prasse A, Kollert F, Engel
KM, Dentler J, Luttmann W et al. Alternatively
activated alveolar macrophages in pulmonary
fibrosis-mediator production and intracellular signal
transduction. Clin Immunol. 2010;137:89-101.
38. Hao NB, Lü MH, Fan YH, Cao YL, Zhang
ZR, Yang SM. Macrophages in tumor microenvironments and the progression of tumors. Clin Dev
Immunolog. 2012;2012:948098.
39. Quatromoni JG, Eruslanov E. Tumor-associated macrophages: Function, phenotype, and link to
prognosis in human lung cancer. Am J Transl Res.
2012;4:376-89.
40. Rinn JL, Bondre C, Gladstone HB, Brown PO,
Chang HY. Anatomic demarcation by positional
variation in fibroblast gene expression programs.
PLoS Genet. 2006;2:e119.
41. Abergel RP, Pizzuro D, Meeker CA, Lask G,
Matsuoka LY, Minor RR et al. Biochemical composition of the connective tissue in keloids and analysis
of collagen metabolism in keloid fibroblast cultures.
J Invest Dermatol. 1985;84:384-90.
42. Zeina B, Greenman J, Purcell WM, Das B.
Killing of cutaneous microbial species by photodynamic therapy. Br J Dermatol. 2001;114:274-8.
43. Grice EA, Kong HH, Conlan S, Deming CB,
Davis J, Young AC et al. Topographical and temporal diversity of the human skin microbiome. Science.
2009;324:1190-2.
44. Grice EA, Segre JA. The skin microbiome. Nat
Rev Microbiol. 2011;9:244-53.

118

Chapter 7

7

119

Botermarkt, Leiden; floating terraces

