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Objective
The aim of this study was to determine if alterations in fibrillar collagen synthesis were associated
with the development of inguinal hernias.

Summary Background Data
Previous work has suggested that alterations in connective tissue accumulation may play a
functional role in the development of inguinal hernias. In particular, several investigators have
suggested that alterations in collagen synthesis, causally related to connective disorders such as
osteogenesis imperfecta, may also be responsible for the inguinal herniation that is markedly
increased in such patients. This study was undertaken therefore to study collagen synthesis in
patients with inguinal hernia in the absence of any other connective tissue disease.

Methods
Skin fibroblasts from 9 patients with hernias and 15 control individuals were radiolabeled with 3H-
proline. Trypsin-chymotrypsin-resistant type I and Ill collagens were isolated and analyzed by
sodium dodecyl sulfate polyacrylamide gel electrophoresis, and recovery was quantified by laser
densitometry. Steady-state levels of al (1) and al (111) procollagen mRNAs were also determined by
northern and slot-blot hybridization analysis.

Results
The a1 (I)/al (111) collagen ratios were shown to be 6.3 ± 0.34 in fibroblasts from control individuals
and 3.0 ± 0.25 in fibroblasts from patients with inguinal hernias. This statistically significant
difference (p < 0.0001) was caused by an increase in the secretion of al (111) procollagen from the
fibroblasts of patients with hernias. A concomitant increase in the steady-state levels of al (111)
procollagen mRNA was observed in total RNA isolated from the patients' fibroblasts.

Conclusions
A constitutive and systemic increase in type Ill collagen synthesis may result in reduced collagen
fibril assembly in the abdominal wall, eventually leading to the development of herniation.
Although it is not yet clear what genetic factors are responsible for the elevation in type III collagen
synthesis in patients with hernias, this study represents the first attempt to define individuals with
an abnormality in collagen production that may be specifically related to herniation. A clearer
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understanding of the possible genetic factors that influence the pathophysiology of this disease
will be important to improve the treatment of patients in whom inguinal hernias develop.

Several factors have been implicated in the develop-
ment of inguinal hernias. These include repeated eleva-
tions in intra-abdominal pressure and a weakening of
muscle fascia and connective tissue. 1 Possible pathologic
alterations in connective tissue associated with inguinal
hernias were recognized as early as 1924.2 More recently,
a marked increase in the frequency of hernia defects has
been shown to be associated with a variety ofconnective
tissue disorders, such as the Marfan's and Ehlers-Danlos
syndromes, cutis laxa, and osteogenesis imperfecta.3
Moreover, more common disorders such as congenital
hip dislocation in children were also shown to be associ-
ated with an increased frequency ofinguinal herniation.4
Numerous authors have demonstrated thinner, lighter

anterior rectus sheaths, conjoined tendons, and transver-
sus abdominus aponeuroses in patients with inguinal
hernias.5-8 Moreover, bilateral hernias were associated
with more severe atrophy of the anterior rectus sheath
than were unilateral hernias.9 Further studies revealed a
diminished amount of insoluble (polymeric) collagen,
and hydroxyproline, in the anterior rectus sheath of pa-
tients with inguinal hernias compared with that in con-
trols.5 Collagen synthesis, as measured by the incorpora-
tion of radiolabeled proline in fibroblast cultures, was
also significantly lower in patients with inguinal hernias
compared with that in controls.'0 Electron microscopy
performed on the anterior rectus sheath of patients with
inguinal hernias revealed a variable diameter and peri-
odicity of collagen fibrils compared with that in con-
trols. " Interestingly, similar changes were noted in peri-
cardial and skin biopsies taken from a patient with a di-
rect inguinal hernia.'0 " Furthermore, a marked
attenuation of the transversalis fascia and a significant
reduction in the thickness ofconnective tissue was dem-
onstrated in the area ofthe internal ring on the clinically
normal side ofpatients with inguinal hernia. 12 This lends
further support toward a more generalized defect that is
expressed in the inguinal region, possibly as a result of
local mechanical factors.'2 Hernias, for example, were

induced in 95% of laboratory rats by surgical enlarge-
ment ofthe internal ring when coupled with the injection
of ,B-aminopropionitrile (an inhibitor of lysyl oxidase),
an enzyme that is important in the crosslinking of
collagen. 13

There is increasing evidence, therefore, that many
common problems thought to be associated with a weak-
ening of connective tissues, including hernias, may in-
deed be the result of a more generalized metabolic de-
rangement of collagen. To address the possibility that
such defects in collagen accumulation may be an impor-
tant contributing factor in the etiology of inguinal herni-
ation, this article describes the synthesis of type I and
type III collagen (two of the major fibrillar collagens) in
patients with inguinal herniation but no evidence of
other connective tissue disorders.

MATERIALS AND METHODS

Patient Population

The controls ranged in age from 24 to 72 years and
had no history ofinguinal herniation. Male patients with
inguinal hernias ranged in age from 17 to 67 years. Five
patients with inguinal hernias had relatives with a history
of inguinal herniation (three with first-degree relatives
and two with second-degree relatives). One patient ini-
tially operated on for inguinal herniation was found to
have only a lipoma of the spermatic cord and was con-
sidered a control for the purposes ofthis study.

Fibroblast Cultures
Skin specimens from patients undergoing various sur-

gical procedures (controls, n = 15) and from patients un-
dergoing inguinal herniorrhaphy (hernias, n = 9) were
obtained under sterile conditions after informed con-
sent. Skin samples were placed in sterile culture media
as described subsequently, and fibroblast cultures were
prepared from explanted skin samples as previously de-
scribed. 14
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Labeling of Fibroblast Procollagens and
Determination of Type 1/111 Procollagen
Ratio

Confluent skin fibroblasts from passage 2 to 3 were
used for the quantitative analysis of secreted types I and
III procollagen. The labeling of secreted procollagens
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with 3H-proline and the isolation of media procollagens
by ammonium sulfate precipitation was performed as
described earlier. 4 '5 The quantitative analysis of se-
creted a l(I), a2(I), and al(III) procollagens by nonre-
ducing polyacrylamide gel electrophoresis was carried
out in triplicate for all samples using a previously de-
scribed procedure. 14

RNA Extraction and Messenger RNA
(mRNA) Quantitation

Total RNA was isolated from confluent skin fibroblast
cultures using a well-described guanidine isothiocyanate
extraction technique.'6 Northern and slot-blot hybrid-
ization analyses of RNA preparations were then per-
formed using a published procedure.'7 We performed
phosphate-32 labeling of DNA fragments by nick
translation of complementary DNA sequences coding
for y-actin and the carboxyl propeptide domains ofa 1(I)
and a1(III) procollagen using a commercially available
kit (Boehringer-Mannheim, Mannheim, Germany) and
32P-deoxycytidine triphosphate at a specific activity of
3000 Ci/mmol (ICN, Irvine, CA). A 700-base pair Eco
RI/Ava I fragment coding for human a I(I) procolla-
gen,'8 a 700-base pair Eco RI/Xho I fragment coding for
human al(III) procollagen (Deak SB and Boyd CD, un-
published data), and a 1000-base pair Bam HI/Hind III
fragment coding for human y-actin 7 were used for ra-
diolabeling.

Joint Flexibility
Joint mobility was determined by using modified Car-

ter-Wilkinson criteria as demonstrated by the ability to
oppose passively both thumbs to the volar aspect of the
forearms, the ability to hyperextend passively the fifth
digits to 2 550, and the ability to hyperextend actively
the elbows to > 1900. Those patients exhibiting any two
ofthese three criteria were defined as hypermobile. 19

Statistical Analysis
Student's two-tailed t test was used to determine sta-

tistically significant differences between groups. All data
are presented as the mean ± the standard error of the
mean.

RESULTS
Ratios of Type 1/111 Collagen

Figure 1 is a representative fluorogram ofsecreted pro-
collagens isolated from control and hernia fibroblast cul-

H1 C1 H2 C2 H3 L1 H4 C3 H5 H6

4-a (III)

4-a (I)

*-a2(I)

Figure 1. Fluorogram of radiolabeled fibroblast collagens digested with
trypsin and chymotrypsin. Note the approximately equivalent amounts of
al (I) and a2(l) procollagens in all specimens and the increased amounts
of radiolabeled al(111)3 procollagen from the patients with hernias. C =
control, H = hernia, L = lipoma of the cord.

tures. The ratio of a I(I)/al (III) procollagen recovered
from each fibroblast preparation was quantified by laser
densitometry. A typical densitometric tracing obtained
from both control and hernia fibroblast cultures is pre-
sented in Figure 2.
To ensure that a 1(1)/al (III) collagen ratios were deter-

mined within the linear response range of x-ray film,
fluorograms were selected in which the a l(I)/a2(I) ratio
was 2:1. This internal control a 1 (I)/a2(I) collagen ratio
was established from a least-squares regression analysis
offluorograms exposed for varying amounts oftime (Fig.
3). A 2:1 ratio was selected because previous studies have

_ -

Cs 1 1~
- Control
---- Hernia

Figure 2. Laser densitometric tracing of fluorograms of procollagens se-
creted by cultured skin fibroblasts. Note the approximately equivalent
amounts of al (I) and a2(l) procollagens from both the controls and pa-
tients with hernias and the increased amount of al (III) procollagen from
the latter (comparison of peak areas).
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Figure 3. Typical plots, obtained after multiple exposures of fluorograms
to x-ray film. Varying exposure times were used to determine al(1)/al (Ill)
collagen ratios by least-squares regression analysis.

demonstrated such a ratio in secreted type I heterotrim-
ers from skin fibroblast cultures. '5
Under these conditions, the a 1(I)/al1(III) collagen ra-

tio in control fibroblasts (n = 15) was 6.3 + 0.34; the
al(I)/al(111) collagen ratio in fibroblast cultures ob-
tained from patients with hernias was 3.0 ± 0.25 (n = 9).
There was a statistically significant difference in this ratio
between fibroblast cultures obtained from patients and
those obtained from control individuals (p < 0.0001, Fig.
4). No differences were observed in the a 1(1)/a (III) col-
lagen ratios from fibroblast cultures obtained from either
patients exhibiting direct (n = 4, 3.0 ± 0.29) or indirect
(n = 5, 2.9 ± 0.41) hernias. This reduced aIl(I)/al(III)
collagen ratio observed in fibroblast cultures obtained
from either direct or indirect hernia patients was the re-

sult of the increased recovery of a1(III) collagen in the
media from these fibroblast preparations.

Type l/Type ill
Collagen 55

4-

3-

2-

Controls Hemias
6.3*0.34 3.0*0.25
N-15 N-9

All dat expressed - mean *S.E.M.
pp<0.0001 a compared to controls

Figure 4. Type I/type Ill collagen ratios in fibroblast cultures from control
patients and from patients with inguinal hernias.

mRNA Coding for ol (1) and cal(111)
Procollagen
Northern blot analysis with both a I(I) procollagen

and y-actin complementary DNA probes revealed the
expected 4.8- and 5.8-kilobase pro-al(I) collagen
mRNA transcripts and a 1.9-kilobase y-actin mRNA
transcript in all fibroblast mRNA samples.'7'20 Northern
blot hybridization analysis of total fibroblast RNA using
a radiolabeled a 1(III) procollagen complementary DNA
revealed the presence of 4.8- and 5.4-kilobase mRNA
species; this finding was in agreement with previous esti-
mations of the size of human a 1(III) procollagen
mRNA. 14,20

Slot-blot analysis demonstrated that steady-state lev-
els ofmRNA coding for y-actin were similar in controls
(n = 8, 0.008 ± 0.001) and patients with hernias (n =

4, 0.010 ± 0.002). An a1(I) procollagen/-y-actin mRNA
ratio of 5.5 ± 0.65 was found in controls, and a similar
ratio of 7.0 ± 0.52, in patients with hernias (no signifi-
cant difference, Fig. 5A). When a 1(III) procollagen
mRNA levels were compared with levels of y-actin
mRNA, a ratio of 2.7 ± 0.27 was found in controls com-
pared with a ratio of 7.3 ± 1.20 in patients with hernias
(p < 0.0004, Fig. 5B). The increased a 1(III) procollagen/
'y-actin mRNA ratio was the result ofan increased recov-
ery of a 1(111) procollagen mRNA (Fig. 6).

Joint Mobility
Three of the nine patients with inguinal herniation

were found to be hypermobile, an incidence of 33%, ver-
sus 5% for the general population.'9. All these patients
had indirect inguinal hernias. The hypermobile patients
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Figure 5. Steady-state levels of ain() procollagen mRNA and alh(ll) pro-

collagen mRNA in fibroblasts from control patients and from patients with

inguinal hernias.

had a type I/type III collagen ratio of 2.3 ±0.07, which

was somewhat lower than the ratio of 3.3 ±0.29 found

in those with normal mobility (p < 0.06).

DISCUSSION

We found an approximately twofold increase in the

amount of a (III) procollagen mRNA in fibroblasts iso-

lated from the skin of patients with inguinal hernias

compared with that in normal controls. This increase
was paralleled by a concomitant increase in type III col-
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Figure 6. Slot blots obtained from total RNA from fibroblasts of a control

patient (C) and a patient with inguinal herniation (H). Filters were probed

withal(l) and al(Ill) procollagen complementary DNA, then dried, and

exposed to x-ray film.

lagen as evidenced by a decrease in the type I/type III
collagen ratio in skin fibroblast cultures obtained from
these patients. Prior studies, however, detected decreased
amounts of insoluble (polymeric) collagen in patients
with inguinal herniation.5'710 We, on the other hand,
found an increase in the amount oftype III collagen rel-
ative to type I. An overabundance of type III collagen
fibers relative to type I fibers may lead to an increase in
nonpolymeric collagen levels by inhibiting the associa-
tive properties of type I collagen. This can lead to a di-
minished amount ofinsoluble (polymeric) collagen. The
overall collagen content, however, may remain un-
changed (or may even be elevated) because of the in-
creased amount of isolated collagen not in the form of
polymerized collagen fibrils. The increase in type III col-
lagen may result, as described previously, in collagen fi-
brils that do not meet the mechanical requirements of
the tissue and may predispose certain individuals to the
development ofinguinal herniation and to recurrence af-
ter corrective surgery.
Type I and type III collagen fibers coexist within indi-

vidual fibrils, and their relative ratios play an important
role in the regulation of fibrillogenesis and the determi-
nation of the final fibril diameter and bundle architec-
ture. '-2' Type I collagen forms a network of thick fiber
bundles, while type III forms thin isolated fibers, and
mixtures of the two form bundles of intermediate
sizes.22-2' An increase in the amount oftype I collagen is
found in healing wounds,25 hypertensive arteries,25 and
fibrotic lungs.26 A higher proportion of type III collagen
can be found in the walls ofblood vessels and in the pap-
illary dermis, accounting for their laxity and distensibil-
ity.23 In patients with inguinal hernia, we demonstrated a
decrease in the type I/type III collagen ratio. This altered
ratio was the result ofan increase in the levels oftype III
procollagen mRNA and a concomitant increase in the
synthesis of type III collagen. This increase in type III
collagen synthesis may alter the physical properties ofthe
collagen matrix in the abdominal wall and predispose in-
dividuals to the development ofinguinal hernias.

Inguinal hernias can recur as late as 15 years after ini-
tial surgery. Those that recur within the first 9 months
are most likely to be technically related and should be
dealt with by performing an appropriate operation.
Those recurring after 9 months may be the result of on-
going metabolic abnormalities in collagen production.27
This may explain the low (70%) success rate associated
with the classic repair of recurrent inguinal hernias. 12 If
metabolic defects are present, indirect inguinal hernias
can recur despite adequate ligation and removal of the
peritoneal sac.'2'25'28 Furthermore, it seems likely that in-
dividuals with altered collagen metabolism may also be
predisposed to the development of incisional and other
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types ofhernia defects. Further studies are needed in this
area.
The use ofautogenous tissue, including anterior rectus

sheath,29'30 to induce normal collagen production has
been proposed. The inductive influence of autogenous
fascial transplants, namely fascia lata, results in a tenfold
increase in net collagen synthesis and deposition for at
least 2 years.2'8'3' In addition, Marlex (Bard Vascular Sys-
tems, Billerica, MA), by inducing an intense inflamma-
tory response, sets up scaffolding that, in turn, induces
collagen synthesis.2'8
The cause ofinguinal hernia is most likely multifacto-

rial. Altered collagen metabolism may play an important
role in predisposing an individual to hernia formation.
In addition to the overproduction of type III collagen,
we found a tendency for patients with indirect inguinal
herniation to be hypermobile. Furthermore, those that
had increased joint mobility tended to have an even
lower type I/type III collagen ratio, suggesting that these
patients produce a further increased amount of type III
collagen compared with type I. This leads us to believe
that the clinically evident inguinal hernia may simply be
a locus resistentiae minoris of a more generalized defect
in collagen metabolism.
To treat patients with inguinal herniation effectively,

we must first understand the cause and pathophysiology
underlying this problem. A generalized defect in collagen
metabolism may cause an alteration in fibrillogenesis, re-
sulting in tissues that are unable to withstand the stresses
placed on them. Therefore, the use ofautogenous tissues
may not be the ideal method to repair this defect because
these tissues would express similar abnormalities in col-
lagen production. Perhaps the use of synthetic materials,
or even allografts, that are able to stimulate normal col-
lagen production are more suitable. Furthermore, we
may soon be able to screen asymptomatic patients for
various defects in collagen metabolism. This would al-
low us not only to become more aware of possible proW
lems arising in those patients, but it would also allow us
to treat them more effectively after a problem did arise.
Further studies are needed to understand this complex
metabolic problem. We eventually hope to be able to re-
store a normal balance of collagen in those individuals
expressing altered collagen metabolism and, thereby, al-
low for the production ofan extracellular matrix suitable
to withstand the forces exerted on it.
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