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Abstract

Background: Elastic fibers deposition is triggered during liver fibrosis and is related to worse clinical prognosis in
chronic hepatitis C patients. This study aimed to verify if a new method for elastic fiber quantification can be used
to discriminate between different degrees of fibrosis in liver biopsies of patients with hepatitis C.

Methods: Individuals presenting with different degrees of fibrosis in liver biopsy were included. Slides of liver
samples were stained with orcein with and without prior oxidation. Morphometric analysis was proceeded, and
quantification accomplished by corrected integrated density.

Results: Twenty-seven patients, mean age 52 years-old, 59% women, were included. Elastic fibers density was
higher in advanced fibrosis patients and there was a positive correlation with Metavir score (Spearman r = 0.609,
p < 0.001), as well as with the noninvasive scores Fib-4 (Pearson r = 0.46, p = 0.029) and APRI (r = 0.52, p = 0.01).

Conclusion: Morphometric analysis by corrected integrated density demonstrates that elastic fibers abundance is
higher in advanced stage of fibrosis in patients with hepatitis C.
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Background
Chronic hepatitis C affects 71 million people worldwide,
and is a leading cause of cirrhosis and liver transplant-
ation in most countries (Collaborators 2017). The grade
of hepatic fibrosis is an important prognostic factor
(Manns et al. 2017). To this purpose noninvasive
methods have been developed, such as transient elasto-
graphy, magnetic resonance elastography, and scores
based on laboratory tests (Paranaguá-Vezozzo et al.
2017). Histological analysis of liver biopsy is the gold
standard and allows for better staging, through the
evaluation of fibrosis by the Metavir score (Bedossa and
Poynard 1996).
During the development of liver fibrosis, new elastic fi-

bers are deposited in the extracellular matrix, conferring

tissue resistance. Elastin is an amorphous protein highly
resistant to degradation; it is believed to be the most
stable component among the extracellular matrix. It is
degraded slowly and late in the reversion of fibrosis, and
may lead to irreversibility of the process (Chen et al.
2019).
Elastic tissue is physiologically present in several hu-

man tissues, especially where greater elasticity is needed.
In the healthy liver it is observed in small amounts,
mainly in the wall of arterioles and in portal tracts
(Kanta 2016). In these locations it exerts a structural
function, providing stability to the bile ducts and vessels
under conditions of high ductal pressure (Mederacke
et al. 2013).
Elastic fibers are composed of two proteins, elastin and

fibrillin, which are separated from each other instead of
constituting bundles as is the case of collagen (Kielty et al.
2002). Fibrillin forms microfibrils, the mold to elastic fibers;
elastin forms the fibers’ core (Houghton et al. 2006).
Chronic hepatitis C causes a cellular inflammatory response
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as a result of oxidative stress and immune response to he-
patocytes expressing viral epitopes (Neumann-Haefelin and
Thimme 2013). This response generates release of cyto-
kines and growth factors that activate stellate cells in myofi-
broblasts, which synthesize extracellular matrix (Geerts
2001, Franceschini et al. 2012). In this matrix small
amounts of elastic fibers are found (Burt et al. 1990). There-
fore, fibrogenesis results in deposition of elastin (Baiocchini
et al. 2016). The immature (or oxytalan) fibers are present
only as microfibrils in physiological conditions; however,
during late elastogenesis, they generate mature elastic fi-
bers. On histopathology, orcein is one of the selective
methods for staining these fibers. When oxidation by pera-
cetic acid or permanganate is accomplished, oxytalan fibers
are visible (Nakayama et al. 2008, Kanta 2016).
An association of hepatic elastin with poor prognosis

in patients with chronic hepatitis C has been found by
some authors (Kendall et al. 2018). It is not well estab-
lished if quantification of the fibers is directly related to
fibrosis stage (Yasui et al. 2019).
We hypothesize that the hepatic inflammatory damage

caused by the hepatitis C virus might lead to the depos-
ition of elastin in the extracellular matrix. In this study,
we aim at assessing whether a new method for elastic
fiber quantification can be used to discriminate between
different degrees of fibrosis in liver biopsies of patients
with hepatitis C, thus confirming the quantitative rela-
tionship between elastin and fibrosis.

Methods
Patients
This was a retrospective study. Inclusion criteria were:
chronic hepatitis C confirmed with positive hepatitis C
virus PCR and anti-HCV test lasting for more than
6 months; ultrasound-guided liver biopsy performed be-
tween January 2010 and December 2012 at the Hospital
de Clínicas de Porto Alegre (HCPA). Individuals with
another liver disease or current alcohol abuse were ex-
cluded, as well as cases with samples measuring less than
0.7 cm in the longer axis (which are considered nondiag-
nostic). A total of 33 cases were included.
This study was approved by Ethics Committee of the

HCPA number 3.227.637. Informed consent was waived
due to its retrospective design, but authors signed a data
usage responsibility term. The study was performed ac-
cording to the guidelines of the Declaration of Helsinki,
1975.

Study variables
Demographic data, clinical history and biochemical tests
were obtained from electronic records. Non-invasive fi-
brosis scores were calculated as follows: FIB-4 (Fibrosis-
4) = age (years) x AST (IU/L) / platelets (109/L) x √ ALT
(IU/L); APRI (AST to platelets Ratio Index) = AST (UI/

L) / ALT upper limit of normal × 100 / platelets (109/L)
(Trang et al. 2008).

Histopathological procedures
The paraffin-embedded liver samples were sectioned
into 4 μm-thick sections, deparaffinized and stained ac-
cording to the standard procedures of the Department
of Surgical Pathology of the HCPA: one slide was stained
with hematoxylin-eosin, the other with Sirius Red stain-
ing, for Metavir score. They were reviewed by a second
expert pathologist. The blocks were reprocessed for
staining with orcein to verify mature elastic fibers, and a
second slide was submitted to oxidation by potassium
permanganate to highlight oxytalan fibers. The elastic fi-
bers distribution (restricted or not to portal tracts) was
verified. Those slices were submitted to morphometry.

Morphometric analysis
The slides were analyzed with Olympus BX41 micro-
scope in a magnification of 200X. Following microscope
calibration, each fragment was photographed in its entire
length with the Olympus DP73 microscope-attached
camera and the CellSens® software. Five hundred images
were generated and saved in TIFF format to allow for
better resolution. The images were converted on ImageJ
1.8.0_112 to grayscale 8-bit images (Schneider et al.
2012) and analyzed morphometrically as follows: to find
the optical density of the elastic fibers, the gray value
threshold was determined manually for each image to
distinguish the particles (that is, the areas with gray
values within the threshold range) from the background.
The micrometer-to-pixel scale was calculated from the
scale generated by CellSens® when each image was
obtained.
Area and mean gray value (MGV) of each particle

were obtained with ImageJ. The corrected density in
absorbance-micrometer2 per particle was obtained by
the formula (255-MGV)*area (Hartig 2013). Artifacts
and white areas were manually removed using the
“wand” tool with a tolerance of 10. The sum of the cor-
rected densities of all particles (corrected integrated
density, CID; also known as corrected absorbance) cor-
responds to the quantification of elastic fibers in that re-
gion of the fragment, and the sum of CIDs of all the
photographs corresponds to the sum of all densities in
that individual slide. The division of the summed CIDs
by the number of photographs informs the mean CID of
elastic fibers per photograph, which was used in our
analysis. The same procedures were repeated by a sec-
ond blinded observer.

Statistical analysis
To detect difference in the presence of elastic fibers out-
side portal tracts, a minimum of six early and advanced
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fibrosis patients were needed (Nakayama et al. 2008). Cat-
egorical variables were shown as number and proportion in
percentage, and continuous variables were presented as
mean and standard deviation. To compare between groups,
quantitative variables presented symmetric distributions
and Student t-test was performed. To assess correlation be-
tween two continuous or ordinal variables, Pearson or
Spearman’s rank-test were performed. A 95% interval confi-
dence calculated by Bland-Altman was used to verify
concordance between observers. Statistical significance was
defined as p < 0.05.

Results
A total of 33 patients were included, 5 were excluded
due to insufficient sample (scarce material after repro-
cessing), and 1 due to the presence of concomitant he-
patocellular carcinoma, comprising 27 individuals with
ultrasound-guided needle biopsy. The mean age was 52
years, with a predominance of women. Arterial hyper-
tension was the most frequent comorbidity (Table 1).
Elastin was verified in orcein-stained slides as de-

scribed in methods (example in Fig. 1). Elastic fibers

outside portal tracts were detected in only one of 15 pa-
tients F0–2 and in 8 of 12 advanced fibrosis (p = 0.12).
The mean elastic fibers density was significantly higher

in the group with advanced fibrosis (Metavir F3-F4)
compared to other individuals (Fig. 2). A higher mean
was also observed in this group when analyzing oxytalan
fibers, p = 0.027 (Fig. 3).
We also graded the quantification according to ter-

ciles. None of the F0-F2 patients was in the highest ter-
cile, while 50% of the F3-F4 patients were in this group
(p = 0.003). Descriptive analysis was undertaken. The
group of patients with elastic fibers outside portal tracts
had a higher fibers’ density than the other individuals
(p = 0.015).
The mean of difference in quantification between ob-

servers was − 414.72 × 103 and was not significant (IC
95% -342.8 to 259.86, p = 0.3). The Metavir fibrosis stage
correlated linearly with the elastic fibers’ density (Fig. 4).
There was no significant correlation between oxytalan fi-
bers and degree of fibrosis (Spearman correlation coeffi-
cient r = 0.38 p = 0.063). Activity score and genotype did
not correlate to elastic fibers density.
We also analyzed noninvasive markers of fibrosis. The

Fib-4 score showed a positive significant correlation with
the elastic fibers’ quantification (Pearson correlation co-
efficient r = 0.46, p = 0.029), as well as APRI (r = 0.52,
p = 0.01). There was a correlation in the limit of signifi-
cance between Fib-4 and oxytalan fibers (r = 0.453, p =
0.052), but it was not observed for APRI (r = 0.366, p =
0.12).
All included cirrhotic individuals were classified clinic-

ally as Child-Pugh A. Only four among those had cirrho-
sis with complications (three cases of medium or large
esophageal varices and one hepatocellular carcinoma).
The mean elastic fibers density of this subgroup com-
pared to others with advanced fibrosis were higher, but

Table 1 Baseline sample characteristics

Total 27

Age (years) 52.3 (11.15)

Female (%) 16 (59%)

White (%) 25 (92.5%)

Hypertension (%) 7 (26%)

Former alcohol abuse (%) 8 (29.6%)

Genotype

1 12

2 2

3 11

4 0

Coinfection 1 + 3 1

FIB-4 2.58 (1.77)

APRI 1.3 (0.9)

Platelets (103/mm3) 191.11 (66.97)

INR* 1 (0.07)

Total bilirrubin (mg/dL) 0.74 (0.22)

Albumin (mg/dL) 4.23 (0.26)

Fibrosis Grade - Metavir

F0 4

F1 5

F2 6

F3 5

F4 7

* INR international normalized ratio, FIB-4 Fibrosis-4, APRI AST to platelets Ratio
Index, percentage or standard deviation between parenthesis

Fig. 1 Representative case of F4 fibrosis, stained with orcein, 400x
magnification. Elastic fibers are thin structures (black arrows),
surrounded by collagen (thicker and lighter color)
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Fig. 2 Elastic fibers density in groups of early and advanced fibrosis. F0-F2: 536.72 × 103 absorbance-micrometer2 (438.83 × 103) X F3-F4:
1641.04 × 103 absorbance-micrometer2 (1202.75 × 103), p = 0.001

Fig. 3 Oxytalan fibers density in groups of early and advanced fibrosis. F0-F2: 683.87 × 103 absorbance-micrometer2 (404.35) X F3-F4: 1254.4 × 103

absorbance-micrometer2 (714.08 × 103), p = 0.027
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not significant: 2214.96 × 103 absorbance-micrometer2

(standard deviation = 1845.73) versus 1449.74 × 103

absorbance-micrometer2 (standard deviation = 986.26),
p = 0,1.

Discussion
This study revealed a positive correlation between the
grade of hepatic fibrosis and density of elastic fibers,
especially those with amorphous material (elastin). We
found that noninvasive scores may also presume the degree
of deposition of hepatic elastin. Fibrosis scores such as
Metavir are ordinal or semi-quantitative. Morphometric
analysis allows a more reliable evaluation of the deposition
of extracellular matrix structures in fibrogenic processes,
since it is quantitative (Goodman et al. 2007). Other advan-
tages over conventional visual assessment are the objectiv-
ity, reproducibility, and the ability to detect changes not
apparent to the naked eye (Hamilton and Allen 1995). In
hepatitis C patients who are non-responders to treatment,
morphometric analysis demonstrated relevant worsening
in fibrosis (80% increase of collagen content) in 4 years
(Goodman et al. 2009). Only by direct measurement of
fibrosis this change can become apparent, because histo-
logical stages are neither a continuous function nor a sensi-
tive measure.
Hepatic elastic fibers have been first evaluated in non-

alcoholic fat liver disease, with a higher amount found in the
zone three of patients with advanced fibrosis (Nakayama

et al. 2008). These fibers have emerged as new focus of re-
search due to its possible relationship with worse prognosis
in chronic hepatitis C and advanced fibrosis (Houghton
et al. 2006, Kendall et al. 2018). Contrary to what was previ-
ously assumed, elastic fibers have been found in greater
quantity in liver biopsies with F3 fibrosis in relation to F2,
but there was no evidence of a linear relation with a fibrosis
score by Metavir (Yasui et al. 2019). In these work, authors
have quantified elastic fibers by measuring the percentage in
which they occur in the total area of the fragment (Abe
et al. 2013). In our work, on the other hand, we measure the
absorbance by corrected integrated density. This measure is
more reliable and accurate because it verifies not only the
affected area, but also the elastic fiber concentration or
density, which may explain the difference of our findings. As
in previous published literature, we found a positive correl-
ation between non-invasive fibrosis scores and the fibers
quantification (Masugi et al. 2018, Yasui et al. 2019).
The reported association of elastin with poor progno-

sis (Kendall et al. 2018) might be explained by different
stages of fibrosis in cirrhotic patients. The quantification
of elastin allows more information than just the grade in
Metavir, which does not reflect the heterogeneity of pa-
tients in the subgroup F4.
Our study has as limitation the non-evaluation by the

other quantification method, the percentage of affected
area, to compare the findings. This technique would
make this study more expensive, mostly because of the

Fig. 4 Correlation of stage fibrosis and elastic fibers density, Spearman test, r = 0.609, p < 0.001
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need of a scanner. However, we believe that the rigorous
methodology makes our findings reliable. Also, the de-
scriptive analysis correlated to our quantification. Another
limitation was the small sample, which did not allow us to
adequately measure statistical significance to evaluate the
prognosis of the individuals. However, this was not a pri-
mary goal; we plan to conduct these analyses in another
study with an increased sample. In addition, due to the
cross-sectional design, this study does not provide infor-
mation on more specific aspects of fibrosis triggers and
elastic fibers synthesis.

Conclusion
The elastic fibers are in higher concentration in advanced
stages of fibrogenesis. Our quantification method adds
relevant information to liver pathology study in chronic
hepatitis C. Although labor-intensive, this method has the
advantage of being more precise than simple histopatho-
logical evaluation or less complex methods of quantifica-
tion, mainly because it concatenates two dimensions of
elastin deposition – the area occupied by elastic fibers and
the density of these fibers in such areas – thus being a
good fit for more complex experiments and for precision
medicine. This method is also inexpensive and potentially
applicable to other substances than elastin.
Due to its relationship with worse prognosis and pos-

sibly irreversibility of fibrosis, we believe that elastin may
play an important role in understanding the pathogen-
esis and the predictability of prognosis in viral cirrhosis.

Abbreviations
ALT: Alanine aminotransferase; APRI: AST to platelets ratio index;
AST: Aspartate aminotransferase; CID: Corrected integrated density; FIB-
4: Fibrosis-4; HCPA: Hospital de Clinicas de Porto Alegre; INR: international
normalised ratio; MGV: Mean gray value; PCR: Polymerase chain reaction

Acknowledgements
Not applicable.

Informed consent
The authors signed a declaration for Ethics Committee and are committed
to keep patients’ data confidential. Formal informed consent was waived by
the HCPA Ethics Committee.

Authors’ contribution
CL: design of study, participated in the acquisition of clinical data, analysis
and interpretation of data, participated in writing manuscript. RTS:
participated in digital analysis conceptualization and execution, and writing
manuscript. ENT, CTSC, MRAS, MRMT: responsible for the conception and
design of the study, besides writing manuscript. All authors read and
approved the final manuscript.

Funding
The author(s) received financial support for the research by FIPE of Hospital
de Clinicas.

Availability of data and materials
Not applicable.

Ethics approval and consent to participate
This study was approved by Ethics Committee of the HCPA number
3.227.637.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Post-Graduate Program on Gastroenterology and Hepatology, Universidade
Federal do Rio Grande do Sul (UFRGS), Porto Alegre, RS, Brazil.
2Post-Graduate Program on Genetics and Molecular Biology, UFRGS, Porto
Alegre, RS, Brazil. 3Department of Surgery, Hospital de Clínicas de Porto
Alegre (HCPA), UFRGS, Porto Alegre, RS, Brazil. 4Department of
Gastroenterology, HCPA, UFRGS, Porto Alegre, RS, Brazil. 5Department of
Surgical Pathology, HCPA, UFRGS, Porto Alegre, RS, Brazil.

Received: 9 August 2019 Accepted: 13 January 2020

References
Abe T, Hashiguchi A, Yamazaki K, Ebinuma H, Saito H, Kumada H, Izumi N, Masaki

N, Sakamoto M (2013) Quantification of collagen and elastic fibers using
whole-slide images of liver biopsy specimens. Pathol Int 63(6):305–310

Baiocchini A, Montaldo C, Conigliaro A, Grimaldi A, Correani V, Mura F, Ciccosanti
F, Rotiroti N, Brenna A, Montalbano M, D'Offizi G, Capobianchi MR,
Alessandro R, Piacentini M, Schininà ME, Maras B, Del Nonno F, Tripodi M,
Mancone C (2016) Extracellular matrix molecular remodeling in human liver
fibrosis evolution. PLoS One 11(3):e0151736

Bedossa P, Poynard T (1996) An algorithm for the grading of activity in chronic
hepatitis C. the METAVIR cooperative study group. Hepatology 24(2):289–293

Burt AD, Griffiths MR, Schuppan D, Voss B, MacSween RN (1990) Ultrastructural
localization of extracellular matrix proteins in liver biopsies using
ultracryomicrotomy and immuno-gold labelling. Histopathology 16(1):53–58

Chen W, Yan X, Xu A, Sun Y, Wang B, Huang T, Wang H, Cong M, Wang P, Yang
A, Jia J, You H (2019) Dynamics of elastin in liver fibrosis: accumulates late
during progression and degrades slowly in regression. J Cell Physiol 234(12):
22613–22622

Collaborators POH (2017) Global prevalence and genotype distribution of
hepatitis C virus infection in 2015: a modelling study. Lancet Gastroenterol
Hepatol 2(3):161–176

Franceschini D, Del Porto P, Piconese S, Trella E, Accapezzato D, Paroli M,
Morrone S, Piccolella E, Spada E, Mele A, Sidney J, Sette A, Barnaba V (2012)
Polyfunctional type-1, −2, and −17 CD8+ T cell responses to apoptotic self-
antigens correlate with the chronic evolution of hepatitis C virus infection.
PLoS Pathog 8(6):e1002759

Geerts A (2001) History, heterogeneity, developmental biology, and functions of
quiescent hepatic stellate cells. Semin Liver Dis 21(3):311–335

Goodman ZD, Becker RL, Pockros PJ, Afdhal NH (2007) Progression of fibrosis in
advanced chronic hepatitis C: evaluation by morphometric image analysis.
Hepatology 45(4):886–894

Goodman ZD, Stoddard AM, Bonkovsky HL, Fontana RJ, Ghany MG, Morgan TR,
Wright EC, Brunt EM, Kleiner DE, Shiffman ML, Everson GT, Lindsay KL,
Dienstag JL, Morishima C, H.-C. T. Group (2009) Fibrosis progression in
chronic hepatitis C: morphometric image analysis in the HALT-C trial.
Hepatology 50(6):1738–1749

Hamilton P, Allen D (1995) Morphometry in histopathology. J Pathol 175:369–379
Hartig, S. M. (2013). Basic image analysis and manipulation in Image. Curr Protoc

Mol Biol Chapter 14: Unit14.15
Houghton AM, Quintero PA, Perkins DL, Kobayashi DK, Kelley DG, Marconcini LA,

Mecham RP, Senior RM, Shapiro SD (2006) Elastin fragments drive disease
progression in a murine model of emphysema. J Clin Invest 116(3):753–759

Kanta J (2016) Elastin in the liver. Front Physiol 7:491
Kendall TJ, Dolman GE, Duff CM, Paish EC, Zaitoun A, Irving W, Fallowfield JA,

Guha IN (2018) Hepatic elastin content is predictive of adverse outcome in
advanced fibrotic liver disease. Histopathology 73(1):90–100

Kielty CM, Sherratt MJ, Shuttleworth CA (2002) Elastic fibres. J Cell Sci 115(Pt 14):
2817–2828

Manns MP, Buti M, Gane E, Pawlotsky JM, Razavi H, Terrault N, Younossi Z (2017)
Hepatitis C virus infection. Nat Rev Dis Primers 3:17006

Masugi Y, Abe T, Tsujikawa H, Effendi K, Hashiguchi A, Abe M, Imai Y, Hino K,
Hige S, Kawanaka M, Yamada G, Kage M, Korenaga M, Hiasa Y, Mizokami M,
Sakamoto M (2018) Quantitative assessment of liver fibrosis reveals a

Leite et al. Surgical and Experimental Pathology             (2020) 3:4 Page 6 of 7



nonlinear association with fibrosis stage in nonalcoholic fatty liver disease.
Hepatol Commun 2(1):58–68

Mederacke I, Hsu CC, Troeger JS, Huebener P, Mu X, Dapito DH, Pradere JP,
Schwabe RF (2013) Fate tracing reveals hepatic stellate cells as
dominant contributors to liver fibrosis independent of its aetiology. Nat
Commun 4:2823–2843

Nakayama H, Itoh H, Kunita S, Kuroda N, Hiroi M, Matsuura H, Yasui W, Enzan H
(2008) Presence of perivenular elastic fibers in nonalcoholic steatohepatitis
fibrosis stage III. Histol Histopathol 23(4):407–409

Neumann-Haefelin C, Thimme R (2013) Adaptive immune responses in hepatitis
C virus infection. Curr Top Microbiol Immunol 369:243–262

Paranaguá-Vezozzo DC, Andrade A, Mazo DF, Nunes V, Guedes AL, Ragazzo TG,
Moutinho R, Nacif LS, Ono SK, Alves VA, Carrilho FJ (2017) Concordance of
non-invasive mechanical and serum tests for liver fibrosis evaluation in
chronic hepatitis C. World J Hepatol 9(8):436–442

Schneider CA, Rasband WS, Eliceiri KW (2012) NIH image to ImageJ: 25 years of
image analysis. Nat Methods 9(7):671–675

Trang T, Petersen JR, Snyder N (2008) Non-invasive markers of hepatic fibrosis in
patients co-infected with HCV and HIV: comparison of the APRI and FIB-4
index. Clin Chim Acta 397(1–2):51–54

Yasui Y, Abe T, Kurosaki M, Matsunaga K, Higuchi M, Tamaki N, Watakabe K, Okada
M, Wang W, Shimizu T, Takaura K, Masugi Y, Nakanishi H, Tsuchiya K, Takahashi
Y, Itakura J, Sakurai U, Hashiguchi A, Sakamoto M, Izumi N (2019) Non-invasive
liver fibrosis assessment correlates with collagen and elastic fiber quantity in
patients with hepatitis C virus infection. Hepatol Res 49(1):33–41

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Leite et al. Surgical and Experimental Pathology             (2020) 3:4 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Study variables
	Histopathological procedures
	Morphometric analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Informed consent
	Authors’ contribution
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

