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Abstract  

Background:  Cancer associated fibroblasts (CAFs) are  
main components of tumor microenvirnoment. They act an  

essential role in tumor progression, invasion and unrespon-
siveness to chemotherapy.  

Aim of Study:  This work aims to study the relation of  
CAFs with hepatocellular carcinoma (HCC) developement  
and progression.  

Material and Methods: This is an uncontrolled retrospec-
tive study carried upon 30 cases of HCC. Cases were collected  
from archives of Pathology Department and Early Cancer  
Detection Unit (ECDU), Faculty of Medicine, Benha Univer-
sity, and from International Medical Center during the years  
2010-2015. Podoplanin (D2-40), alpha smooth muscle actin  
(α -SMA) and CD31 immunohistochemichal staining were  
performed and evaluated for each case.  

Results:  Both D2-40 and α-SMA showed different distri-
butions and levels of expression. D2-40 positivity was localized  
to the peri-tumoral area, while α -SMA was detected in both  
intra- and peritumoral areas. Expression of both markers was  
not statistically related to each other (p>0.05). D2-40 was  
positive in 73.3% of casesand α -SMA showed high expres-
sionin 60% of cases. Both positive D2-40 and high α -SMA  
showed positive relations to tumor grade (p<0.01 for both  
markers), associated cirrhosis (p<0.05 for both markers),  
lymphatic (p<0.05 for both markers) and vascular invasion  
(p<0.05 and p<0.01 respectively). Also positive relations  
were reported between positivity of D2-40 and lymph node  
metastases (p<0.05). Neoangiogenesis was estimated by  
positivity to CD31 and Microvessel density (MVD) was  
calculated. Lymphatic vessel density (LVD) was also estimated  
by using positivity to D2-40. Both mean MVD and meanLVD  
were significantly increased in relation to positive D2-40  
expression (p<0.01 and p<0.05 respectively). Also, the higher  
α -SMA expression, the higher the means of both MVD and  
LVD. Theses also were highly statistically significant relations  
(p<0.01 for both).  

Conclusion:  Cancer associated fibroblasts have a possible  
role in development and progression of HCC. This could be  
implemented in new therapeutic strategies for HCC.  
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Introduction  

WORLDWIDE,  hepatocellular carcinoma (HCC)  
is considered to be the sixth most common malig-
nant neoplasm and the third leading cause of deaths  
from cancer [1] . In Egypt, A registry done by Ain-
Shams Faculty of Medicine reported that HCC  
represents about 2.4% of total malignancy and  
12.8% of malignant digestive system tumors. Liver  
cirrhosis was reported in 77% of HCCs and posi-
tivity for HBV and/or HCV was present in 90% of  
them [2] .  

In different solid tumors (including HCC), not  
only malignant cells are responsible for tumorigen-
esis and tumor progression, but also tumor stroma  
is involved and is considered animportant partici-
pant and regulator. An interaction between tumor  
cells and stroma forms what is known as tumor-
host microenvironment [3] . Tumor microenviroment  
acts a pivotal role in tumor growth and progression,  
metastasis , in angiogensis and resistance to chem-
otherapy [4] .  

A major element of cancer stroma, is activated  
fibroblasts, which are known as the cancer-
associated fibroblasts (CAFs) [5] .  

CAFs show myofibroblast- like characteristics  
and express a variety of proteins as α -SMA, plate-
lets-derived growth factor (PDGF) Platelets-derived  

growth factor (PDGF), fibronectin, integrin α -11  
and podoplanin (D2-40). The expression level of  
these proteins vary in different CAFs. None of  
these markers are unique for CAFs [6] .  
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Alpha smooth muscle actin (α -SMA) is an actin  
isoform kwown to be expressed in the vascular  
smooth-muscle cells. This protein also has an  

important role in the process of fibrogenesis [7] .  

Podoplanin (D2-40), another marker for CAFs,  
is a transmembrane glycoprotein of mucin-type  
[8] . Different studies identified podoplanin (D2- 
40) expression of CAFs as an indicatorof poor  

survival as in breast, esophageal, lung tumors ,or  

a favorable prognostic indicatoras in colorectal  

cancer [9] .  

However, in a study made on breast carcinoma,  
detection of lymphatic invasion was observed using  
D2-40 which was also found to be a good marker  
to discriminate lymphatic invasion from blood  
vessel invasion. Lymphovascular invasion is asso-
ciated with occurrence of nodal metastasis and  

recurrence of the tumor. As peer the same study,  
CD 31 was found to be aneffective marker to  

detectblood vessel invasion [10] .  

This work aims to evaluate the relation of CAFs  
(detected by D2-40 and α -SMA) with HCC devel-
opment and progression Looking forward to find  

new treatment options for HCC as it has become  

a major health problem in Egypt.  

Material and Methods  

This is an uncontrolled retrospective study  
carried upon 30 specimens of formalin-fixed, par-
affin-embedded hepatocellular carcinoma. None  

of the patients had received preoperative chemo-
therapy. Cases were obtained from archieves of  

Pathology Departement and Early Cancer Detection  

Unit (ECDU), Faculty of Medicine, Benha Univer-
sity, and from International Medical Center during  
the years 2010-2015.Cases were graded into well,  

moderate and poorly differentiated HCC [11] . Tumor  
cases were classified into 2 groups; tumors less  
than 5cm in size and tumors larger than 5cm in  

size [12] . Staging were done according to AJCC  
2018 [13] . Paraffin-embedded tissue sections were  
prepared from obtained specimens. To confirm  
diagnosis and grading; two pathologists reviewed  

Hematoxylin and Eosin sections.  

Immunohistochemical study:  

Three formalin-fixed, paraffin-embedded, 4- 
micron tissue sections were prepared for each case.  

Immunohistochemical detection of D2-40, α -SMA  
and CD31 antigens was done (Table 1). Streptavi-
din-biotin technique was used following the man-
ufacturer's instructions (Neomarker, LABVISION,  

USA, CA 94538-7310). The sections were visual-
izedwith 0.02% diaminobenzidine (DAB) solution.  
Finally sections were counterstained with hema-
toxylin then dehydrated and mounted. A negative  

control was used for each marker, by omitting the  

primary antibody and replacing it with normal  
rabbit serum IgG.  

Immunohistochemical interpretation:  

D2-40 showed cytoplasmic staining of the lym-
phatic vessels'endothelial cells. A structure with a  
central lumen, lined by endothelial cells, was taken  
as positive vessel. Lymphatic vessel density (LVD)  

was detected using D2-40 expression in endothelial  

cells lining lymphatic vessels newly formed by the  
tumor. Lymphatic vessel invasion was classified  
into low and high regarding the calculated mean  
LVD in this work [9,12] .  

The stromal staining of cancer associated fi-
broblasts by D2-40 and α -SMA,was interpreted  
according to Choi, et al., [14] .  

Microvessel density (MVD) were detected both  
peri- and intratumoral using CD31 expression in  

endothelial cells lining these vessels (Fig. 1C).  

Microvessel invasion was subgrouped into low  
and high according to the calculated mean MVD.  

[9,15] .  

Table (1): Antibodies studied in this work.  

Antibody  Source  Cat. No.  Dilution  Incubation period  Positive control  
Staining  
pattern  

D2-40  

α-SMA  

CD31  

GeneTex, USA  

Lab vision/  
Thermoscientific  
USA  

DAKO, Glostrup,  
Denmark  

GTX31231  

A1 5764  

Mouse anti  
human,  
clone JC70A  

1:50  

1:200  

1:50  

30 minutes at room temp  

60 minutesatroom temp  

Overnight at 4ºC  

Benign tonsillar tissue  

Vascular smooth muscle  
cells  

Benign tonsillar tissue  

Cytoplasmic  

Cytoplasmic  

Cytoplasmic  

α -SMA: Alpha smooth muscle actin.  
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Statistical analysis:  The obtained data were  
analyzed using SPSS version 16 software (SpssInc,  

Chicago, ILL Company). The Pearson correlation  

test was performed to determine the association of  

clinico-pathological data with D2-40, α -SMA and  
CD31 expression. The value of (p<0.05) was con-
sidered significant and level of ( p<0.01) was con-
sidered as highly significant.  

Results  

This work was carried upon 30 cases of HCC.  
Nineteen patients were males and 11 were females.  

The ages of patients ranged from 49 to 70 years  
with mean age of 58.8 years. There were 5 (16.7%)  

casesof well differentiated HCC, 14 (46.6%) cases  
ofmoderately differentiated HCC and 11 (36.7%)  

cases of poorly differentiated HCC. Among the  
studied tumor cases, there were 18 (60%) HCCs  
associated with cirrhosis. As regarding TNM stag-
ing, 6 (20%) cases were stage I, 5 (16.7%) cases  

were stage II, 8 (26.6%) cases were stage III and  

11 (36.7%) cases were stage IV.  

Cancer associated fibroblasts (CAFs) appeared  

as stromal elongated spindlecells having brown  
cytoplasmic staining. Immunohistochemical detec-
tionof CAFs by both D2-40 and α -SMA showed  
different distributions and levels of expression.  

Twenty-two (73.3%) cases showed positive D2- 
40 and 18 (60%) cases showed high α -SMA ex-
pression. D2-40 positivity was localized to the  

peri-tumoral area (Fig. 1A) while α -SMA was  
detected in both intra- and peri-tumoral areas (Fig.  
1B). Expression of both markers was not statisti-
cally related to each other (p>0.05).  

Both positive D2-40 and high α -SMA showed  
positive relations to tumor grade (p<0.01 for both  
markers), associated cirrhosis ( p<0.05 for both  
markers), lymphatic (p<0.05 for both markers) and  
vascular invasion (p<0.05 and p<0.01 respectively).  
Also positive correlation were reported between  

positivity of D2-40 and LN metastases (p<0.05)  
(Table 2).  

Table (2): Relation of CAFs markers to the studied clinico-pathological parameters.  

Clinicopathological  
parameters  

D2-40  
p-value  

α -SMA  
p-value  

Negative  Positive  Low  High  

Tumor grade:  
Grade1  3  (10%)  2 (6.7%)  <0.01**  5 (16.7%)  0  (0%)  <0.01**  
Grade2  5 (16.7%)  9 (30%)  7 (23.3%)  7 (23.3%)  
Grade 3  0 (0%)  11 (36.6%)  0  (0%)  11 (36.6%)  

Associated cirrhosis:  
Absent  6 (20%)  6 (20%)  <0.05*  8 (26.7%)  4 (13.3%)  <0.05*  
Present  2 (6.7%)  16 (53.3%)  4 (13.3%)  14 (46.7%)  

Tumor size:  
<5cm  4 (13.3%)  13 (43.4%)  >0.05  8 (26.7%)  9 (30%)  >0.05  
≥5cm  4 (13.3%)  9 (30%)  4 (13.3%)  9 (30%)  

N:  
Negative  8 (26.7%)  11 (36.6%)  <0.05*  8 (26.7%)  11 (36.6%)  >0.05  
Positive  0 (0%)  11 (36.6%)  4 (13.3%)  7 (23.3 %)  

M:  
Negative  8 (26.7%)  15 (50%)  >0.05  10 (%)  13 (43.3 %)  >0.05  
Positive  0 (0%)  7 (23.3 %)  2 (6.7%)  5 (16.7%)  

Tumor stage:  
I  3  (10%)  3  (10%)  >0.05  4 (13.3%)  2 (6.7%)  >0.05  
II  1 (3.3%)  4 (13.3%)  1 (3.3%)  4 (13.3 %)  
III  4 (13.3%)  4 (13.3%)  3  (10%)  5 (16.7%)  
IV  0 (0%)  11 (36.6%)  4 (13.3%)  7 (23.3 %)  

Vascular invasion:  
Low  6 (20%)  7 (23.3 %)  <0.05*  9 (30%)  4 (13.3%)  <0.01**  
High  2 (6.7%)  15 (50%)  3  (10%)  14 (46.7%)  

Lymphatic invasion:  
Low  6 (20%)  7 (23.3 %)  <0.05*  8 (26.7%)  5 (16.7%)  <0.05*  
High  2 (6.7%)  15 (50%)  4 (13.3%)  13 (43.3 %)  

Total  8  22  12  18  

α-SMA: Alpha smooth muscle actin. *: Significant. **: Highly significant.  
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Mean LVD calculated for studied cases was 34.70±  
8.655, while mean MVD was 47.61± 10.263. Both  
mean MVD and mean LVD were significantly in-
creased with positive D2-40 expression (p<0.01 and  

p<0.05 respectively). On the other hand, the higher  

α -SMA expression, the higher the means of both  

MVD & LVD. Theses also were highly statistically  

significant relations (p<0.01 for both) (Table 3).  

Table (3): Relations between MVD, LVD and CAFs markers.  

CAFs markers  Mean MVD  SD  p-value  Mean LVD  SD  p-value  

D2-40:  
Negative  38.15  ± 10.955  <0.01 * *  28.62  ±6.501  <0.05*  
Positive  51.05  ±7.681  36.91  ±8.377  

α-SMA:  

Low  41.77  ± 10.401  <0.01 * *  29.25  ±8.895  <0.01 * *  
High  51.50  ±8.340  38.33  ±6.453  

α-SMA: Alpha smooth muscle actin. *: Significant. **: Highly significant.  

Fig. (1):  
(A): Positive D2-40 peritumoral expression. ABC x 200.  

(B): High α -SMA both peri- and intratumoral expression. ABC x 200.  
(C): Neo-angiogenesis detected by CD31 positivity. ABC x 100.  

(D): Elongated spindledCAFs labeled by D2-40 (black arrows). ABC x 400.  

Discussion  

Hepatocellular carcinoma is well identified to  
be one of the most aggressive types of neoplasms  

which doesn’t have effective therapeutic lines.  

Most cases develop in the setting of chronic liver  

injury, hepatitis, and hepatic fibrosis [16] .  

In different types of tumors, CAFs may originate  
from the activation of quiescent fibroblasts, epi- 

thelial-mesenchymal transition and may also be  

derived from mesenchymal stem cells of bone  
marrow. In HCC, they originate mainly from he-
patic stellate cells [17] .  

In this retrospective work, thirty cases of hepa-
tocellular carcinomas ofdifferent stages and grades  

are studied immunohistochemcially for α -SMA,  
D2-40 and CD31 expressions.  



Ghada A. Abd El-Fattah, et al. 4341  

Although both ot -SMA and D2-40 are consid-
ered markers for activated CAFs, our study revealed  

different patterns of expression as regard location  

and intensity for both of them as. D2-40 positive  
CAFs were localized to the peri-tumoral area while  

those stained by ot -SMA were detected in both  
peri-tumoral and intra-tumoral areas. Also no sta-
tistically significant correlation was found between  
them (p>0.05). This result is confirmed by a study  
done by Rei et al., [9]  who compared different  
markers of CAFs in advanced colorectal carcinoma  

denoting that CAFs markers differ in their ability  
to detect fibroblasts.  

Our study also revealed a statistically significant  
correlation between positive expression of D2- 
40 and high expression of ot -SMA in CAFs with  
high tumor grade (p<0.01 for both) and associated  
cirrhosis- a well-known precancerous condition  

for HCC (p<0.05 for both). Many previous invivo  

and invitro studies have revealed three different  
mechanisms by which CAFs increase malignant  

cell proliferation; first by secreting numerous  

factors and inflammatory cytokines as IL-1 ot , IL-
6, CXCL-8 chemokine, cyclooxygenase 2 (COX-
2), CCL20, Kindlin-2 which activates Г3 -integrins  
which are transmembrane receptors promote cell-
extracellular matrix adhesion; second via induce  

epithelial-mesenchymal transition; and lastly by  

cross talking with immune cells and inhibiting  

immune surveillance [16,21] .  

This positive correlation between tumor grade  
and CAFs markers was also seen in studies done  

by Kadotaetal., [18] , Patil et al., [19] , Kim et al.,  
[20]  on non-small cell carcinoma of the lung, oral  
squamous cell carcinoma and squamous cell car-
cinoma of the head and neck respectively.  

This pattern of positive expression of CAFs to  
D2-40 and their high expression of ot -SMA insures  
the malignant potential of both markers in HCC  
and their role in carcinogenesis and progression.  

Kalluri, et al., [17]  in his study found that activation  
of CAFs promotes tumorigenesis through produc-
tion of inflammatory and growth factors.  

In the current study, there was a statistically  
significant correlation between vascular invasion  

and both positive expression of D2-40 and high  

expression of ot -SMA in CAFs (p<0.05 and <0.01  
respectively) and between them and lymphatic  

invasion (p<0.05). These results could be explained  
by the results of Boire et al., [22]  who found that  
activated CAFs which express either D2-40 or ot -
SMA can promote invasion of tumor cells by se-
creting proteases as matrix metalloproteinase that  

degrade extracellular matrix. More importantly  

D2-40 increases the ability of fibroblasts to promote  
motility and invasiveness by the amplification of  

RhoA which has a role in cytoskeletal dynamics,  
cell motion and other cellular functions [23] .  

Several previous studies have shown that lym-
phangiogenesis has a direct relation to tumor  

growth, progression and its invasion [24] . In this  
work we used immunohistochemical staining of  

D2-40 to measure LVD. There was a positive  

significant correlation between LVD and lymph  

node metastasis with high ot -SMA (p<0.01) and  
positive D2-40 expression in CAFs ( p<0.05 for  
each). This was in agreement with Takagi et al.,  

[25] , Lin et al., [26]  and Hu et al., [27] , in their  
studies on oral squamous cell carcinoma, lung  
carcinoma and bladder carcinoma respectively.  

Mean microvesseldensity (MVD) and determi-
nation of number of newly-formed vessels in tumor  

tissue is of great importance to assess neoangio-
genesis. This has been detected by several tech-
niques such as immunohistochemistryand others.  
Here we used immunohistochemical staining of  
CD3 1 to measure MVD. In this study we found a  

statistically significant correlation between MVD  

and positive expression of D2-40 and high expres-
sion of ot -SMA in CAFs. Taura, et al., [28]  previ-
ously have concluded that CAFs secrete many  

angiogenic factors mainly VEGF, PDGF, angiopoi-
etin- 1 , angiopoietin-2 and vasohibin which play  
an important role in neoangiogenesis.  

Direct positive relations between CAFs markers  
expression and lymph node metastasis, vascular  
invasion, MVD and LVD have pointed to their  

predictive rolein poor prognosis of HCC.  

Conclusion:  
This study demonstrated thepossiblerole of  

CAFs in development, progression and poor prog-
nosis of HCC. It also gives the possibility to the  
future planning and using of their markersas a  

target therapy in HCC.  

Recommendation:  Further researches are rec-
ommended to explore the therapeutic importance  

of CAFs markers and their actions on this prob-
lematic neoplasm. Another study is recommended  
to detect the expression of CAF in different grades  

of cirrhosis in order to exploretheir role in malig-
nant transformation.  
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