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Abstract Besides its function as a matrix-producing
cell, the CD34+* fibrocyte has been reported to be an anti-
gen-presenting cell capable of priming naive T cells in
situ. Therefore, it has been claimed that the CD34+ fibro-
cyte may play an important role in host response to
tissue damage. The objective of the present study was to
analyze the presence and distribution of CD34* fibro-
cytes and smooth muscle actin (SMA) reactive myofi-
broblasts in relation to the underlying pancreatic disease.
We investigated a total of 12 pancreatic adenocarcino-
mas, 7 endocrine tumors of the pancreas, and 8 cases
of chronic pancreatitis; in 11 cases, normal pancreatic
tissue was available. The stroma of normal pancreatic
tissue harbored diffusely scattered CD34+ fibrocytes.
Chronic pancreatitis was characterized by an increased
number of stromal CD34* fibrocytes paralleled by again
of SMA reactive myofibroblasts which were not ob-
served in the normal pancreatic stroma. The stroma of
pancreatic ductal adenocarcinomas and endocrine tumors
was devoid of CD34* fibrocytes or showed at least a
focal loss of this cell type, whereas SMA reactive myofi-
broblasts were detected in both endocrine tumors and
adenocarcinomas. We conclude that detection of CD34*
fibrocytes may constitute an adjunctive tool in distin-
guishing chronic pancreatitis from ductal adenocarcino-
ma since the absence of this cell population strongly
favors a neoplastic process. Moreover, CD34* fibrocytes
and myofibroblasts appear to be involved in stromal re-
modeling associated with chronic pancreatitis and ductal
adenocarcinoma.
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Introduction

CD34+ fibrocytes have been detected in normal skin
[16], normal breast tissue [4, 20, 24], and in various cu-
taneous [5, 6, 9, 10, 23] and mesenchymal tumors [13,
17, 19, 20, 21, 22]. To date, the origin of this cell popu-
lation remains enigmatic, but experimental studies sup-
port the assumption that CD34* fibrocytes derive from
myeloid precursors [2]. They can be found in the periph-
eral blood and invade sites of tissue damage and are ca-
pable of connective tissue matrix synthesis [2]. Besides
its function as a matrix-producing cell, the CD34* fibro-
cyte is a potent antigen-presenting cell capable of prim-
ing naive T cells in situ [3]. Therefore, it has been
claimed that the CD34+ fibrocyte may play an important
role in host response to tissue damage of whatever cause
and in specific immune-mediated host defense against
invading tumor cells[8].

The occurrence of CD34+ fibrocytes in the peritumoral
stroma of skin tumors has been considered to be of diag-
nostic significance in distinguishing basal cell carcinoma
from benign skin appendage tumors, such as trichoepithe-
liomaand itsvariants [5, 6, 9, 10, 23]. In these studies, the
absence of CD34* fibrocytes in the tumor-associated stro-
ma favors the diagnosis of basa cell carcinoma and vice
versa. Similar results have been reported in colon cancer:
normal colonic stroma harbors CD34+ fibrocytes, whereas
this cell population is absent from the stroma of invasive
colon cancer. However, the tumor-associated desmoplastic
stroma is characterized by the presence of smooth muscle
actin (SMA) reactive myofibroblasts [15]. Recently, a sol-
itary fibrous tumor of the pancreas with CD34+ fibrocytes
was described [13], but the pertinent literature yields no
information concerning the occurrence and distribution of
CD34+ fibrocytes in the pancreas and benign and malig-
nant lesions of the pancreatic parenchyma.

The present study was undertaken to investigate this
topic with specia reference to pancreatitis and ductal
pancreatic carcinoma since the differential diagnosis of
these lesions is of clinical significance and may cause
significant problems to the surgical pathologist.
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Table1 Epidemiological data

of patients with chronic pancre- Case no. Age (years) Sex Presumed cause of pancreatitis

aitis cpL 47 Male Alcoholism
CP2 58 Femae Unknown
CP3 59 Male Obstructive, pancreatic acinar cell carcinoma
CP4 61 Male Obstructive, main pancreatic duct stenosis*
CP5 77 Male Obstructive

N . . . CP6 76 Male Obstructive, carcinoma of the ampulla of Vater

Main pancreatic duct stenosis — cpy 74 Female Obstructive, main pancreatic duct stenosis*

proven by means of endoscopic  cpg 76 Male Obstructive, choledocholithiasis

retrograde pancreatography

g&l:)tlg gdgnagi:r&%%:ﬁgts with Case no. Age (years) Sex Grading TNM classification*
DAl 45 Male Gl pT3 pNO MO
DA2 56 Femae G2 pT3 pNO MO
DA3 85 Femae G2 pT3 pNO MO
DA4 68 Male G2 pT3 pNO MO
DA5 70 Male G2 pT3 pNO MO
DA6 62 Male G2 pT3 pNO MO
DA7 33 Male G3 pT3 pNO MO
DAS 69 Male G2 pT3 pNO MO
DA9 62 Male G2 pT4 pN1b MO
DA10 54 Female G2 pT3 pNlaMO
DAl11 67 Male G2 pT3 pNlaMO

% UICC, 4th edn, 1997 DA12 76 Female G2 pT2 pN1b MO

Table 3 Dataof patients with pancreatic endocrine tumors. d.n.a. data not available

Case no. Age (years) Sex Functional type Size (cm) Metastasis Follow-up (years)

ET1 48 Male Insulinoma 4.0 - 7

ET2 86 Female Insulinoma 12 - 6

ET3 68 Female Insulinoma 35 - 6

ET4 57 Male Gastrinoma 4.0 - 6

ET5 50 Male Insulinoma 16 - 4

ET6 40 Male Insulinoma d.n.a - 4

ET7 50 Female Glucagonoma 45 + (Liver) 0.5

Materials and methods

The present study comprises 20 patients who underwent classic
Whipple resection or a modified pylorus sparing Whipple proce-
dure. In 12 cases, a ductal adenocarcinoma of the pancreas was di-
agnosed; in 8 cases the diagnosis of chronic pancreatitis was ren-
dered. The epidemiological data of patients with chronic pancre-
atitis and ductal adenocarcinoma are summarized in Table 1 and
Table 2, respectively. Histologically, the cases of chronic pancre-
atitis, mostly obstructive in origin, were characterized by stromal
fibrosis associated with a mild to moderately interstitial lympho-
cytic infiltration. Abscess formation or diffuse polymorphonuclear
infiltration were not observed; in one case small necroses were
found. The presumed cause of chronic pancreatitis is listed in
Table 1. Cases of hereditary or auto-immune pancreatitis were not
included in the present study.

In 11 of 12 cases with ductal adenocarcinoma, tumor-free pan-
creatic tissue remotely located from infiltrating carcinoma and de-
void of features characteristic of chronic pancreatitis was available
and served as normal control.

We additionally investigated a total of seven functionally ac-
tive differentiated pancreatic endocrine tumors, six of which were
treated by enucleation (Table 3). In the remaining case (ET7), a
resection of the pancreatic tail was performed. One of the seven

patients with an endocrine tumor (ET1) suffered from multiple
endocrine neoplasia (MEN) | syndrome, whereas the remaining
cases were sporadic endocrine tumors.

After resection or enucleation, the tissues were fixed in a
4% formaldehyde solution and representative tissue blocks were
selected. Tissues were embedded in paraffin, cut, and stained with
hematoxylin and eosin and Periodic acid—Schiff base for routine
purposes.

Immunohistochemistry

Immunohistochemistry was performed using a standard avidin—
biotin complex (ABC)-peroxidase method using 3,3'-diaminoben-
zidine (DAB) as chromogen. CD34 antigen was detected using
a monoclonal antibody (QBEND10, Immunotech, Marseille,
France) without any tissue pretreatment or dilution of the anti-
body. SMA was detected using a monoclonal antibody (ASM-1,
Progen, Heidelberg, Germany; dilution 1:200) after tissue pretreat-
ment with 0.1% trypsin for 15 min at 37°C.

The number and distribution of stromal CD34* fibrocytes and
SMA reactive myofibroblasts was assessed semi-quantitatively
strictly considering that endothelia are also positive for CD34, and
SMA reactive cells occur in vessel walls and in periductal myofi-
broblasts of the pancreas [7].



Fig. 1 Norma pancreatic parenchyma harbors few smooth muscle
actin (SMA) reactive myofibroblasts surrounding intralobular ducts.
SMA is dso seen in the walls of arterioles and venules (a). CD34*
fibrocytes are characterized by long dendrite-like projections (b, in-
set) and encircle acinar, ductal, and vascular structures of the normal
pancreas (b). In chronic pancreatitis, the numbers of SMA reactive
myofibroblasts (c) and CD34+ fibrocytes (d) appear to be increased.
The stroma of ductal adenocarcinoma shows densely packed SMA
reactive myofibroblasts (€) whereas CD34+ fibrocytes (f) are lacking

Results
Normal pancreas

The intra- and extralobular lobular stroma of normal pan-
creatic tissue was devoid of SMA reactive myofibroblasts

except for a few myofibroblasts concentrically surround-
ing the intralobular ducts (Table 4). SMA staining was
also observed in the smooth musculature of muscularized
vessels (Fig. 1a). CD34 immunostaining of normal pan-
creatic tissue disclosed evenly scattered CD34* fibrocytes
encircling the intralobular ducts and acini (Fig. 1b). The
CD34+ fibrocytes showed small elongated centrally locat-
ed nuclei and long slender dendrite-like cytoplasmatic
projections intervening with those of neighboring CD34*
fibrocytes forming a loose reticular meshwork. Morpho-
logically CD34+ fibrocytes were clearly distinguishable
from CD34-positive endothelia cells (Fig. 1b, inset). The
distribution of CD34+ fibrocytes and SMA reactive myo-
fibroblasts showed no significant variation within the ex-
amined population (Table 5).



Fig. 2 Theinterface between
tumor-free pancreatic paren-
chyma (left and lower side) and
ductal adenocarcinoma (upper
right) is characterized by an
abrupt loss of CD34+ fibro-
cytes. Note positive CD34
staining in intratumoral capil-
laries which can be well distin-
guished from the stromal stain-
ing due to densely packed
CD34+ fibrocytes even at low
magnification

Table 4 Distribution of smooth muscle actin (SMA) reactive myofibroblasts in the pancreatic stroma. 0 no SMA reactive myofibro-
blasts detectable, 0—+ focal accumulations of SMA reactive myofibroblasts, + diffusely scattered SMA reactive myofibroblasts

Staining Normal Chronic pancreatitis Endocrine tumor Adenocarcinoma
score (n=11) (n=8) (n=7) (n=12)

0 11 0 1 0

0—+ 0 4 6 0

+ 0 4 0 12

Table5 Distribution of CD34* fibrocytes in the pancreatic stroma. 0 no CD34* fibrocytes detectable, 0—+ focal accumulations of
CD34+ fibrocytes, + diffusely scattered CD34+ fibrocytes, ++ diffusely scattered and focally crowded CD34+ fibrocytes

Staining Normal Chronic pancreatitis Endocrine tumor Adenocarcinoma
score (n=11) (n=8) (n=7) (n=12)

0 0 0 7 8

0—+ 0 0 0 4

+ 11 2 0 0

++ 0 6 0 0

Chronic pancreatitis

In all cases of chronic pancreetitis, SMA reactive myofi-
broblasts occurred in the intra- and extralobular parenchy-
ma which, under normal conditions, was devoid of this
cell type (Fig. 1c). The distribution of SMA reactive myo-
fibroblasts showed dlight variations ranging from
focal accumulations to diffusely scattered cells which vir-
tually occupied the whole pancreatic stroma (Table 4).
The occurrence of SMA reactive myofibroblasts in chron-
ic pancreatitis was accompanied by an increased number
of CD34* fibrocytes. In most cases investigated (6 of 8),
chronic pancrestitis was characterized by an increased
number of CD34* fibrocytes which were predominantly
located in areas of diffuse or nodular stromal fibrosis
around intralobular ducts and acini (Fig. 1d). Additionally,
CD34+ fibrocytes appeared to be increased in number in
areas infiltrated by lymphocytes. In areas with predomi-

nant stromal edema, CD34* fibrocytes were less densely
arranged, but no areas with complete loss of CD34* fibro-
cytes were seen in chronic pancredtitis. In two cases, the
distribution of CD34* fibrocytes was similar to that ob-
served in normal pancreatic parenchyma (Table 5).

Ductal adenocarcinomas

In all cases of ductal adenocarcinoma investigated,
SMA reactive myofibroblasts formed thick sheets sur-
rounding the infiltrating tumor cells (Fig. le, Table 4).
The stroma associated with invasive ductal adenocarci-
noma was free of CD34* fibrocytes in eight cases
(Fig. 1f). In the tumor-free pancreatic parenchyma lo-
cated at the infiltrating border of carcinoma, the CD34*
fibrocytes were increased in number and more densely
packed; the transition from tumor-free tissue to invasive
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carcinoma was characterized by an abrupt loss of the
stromal CD34+ fibrocytes (Fig. 2). Four cases disclosed
a subtotal loss of CD34* fibrocytes with small foci
of preserved mophologically normal appearing CD34*
fibrocytes (Table 5).

Pancreatic endocrine tumors

In six of seven endocrine tumors examined, few scat-
tered stromal cells exhibiting a weak immunohistochem-
ica expression of SMA were found (Table 4). CD34*
fibrocytes were completely absent from the stroma of all
endocrine tumors investigated, whereas the endothelium
of intratumoral vessels showed a normal endothelial ex-
pression of CD34 (Table 5).

Discussion

The present study was undertaken in order to analyze the
presence and distribution of CD34* fibrocytes and SMA
reactive myofibroblasts in relation to the underlying pan-
creatic disease. We found that stromal remodeling asso-
ciated with chronic pancreatitis was characterized by an
increased number of stromal CD34* fibrocytes paralleled
by a gain of SMA reactive myofibroblasts which were
absent from the normal pancreatic stroma. In contrast,
the stroma associated with pancreatic ductal adenocarci-
noma and endocrine tumors was devoid of CD34* fibro-
cytes in most cases investigated, whereas SMA reactive
myofibroblasts were detected in a quantity comparable
to that found in chronic pancredtitis.

It has been shown that CD34* fibrocytes invade areas
of tissue damage and take part in matrix repair via colla-
gen synthesis[2]. In the present study, the presumed role
of CD34* fibrocytes in tissue repair was underlined by
the fact that the number of stromal CD34* fibrocytes was
found to be increased together with that of SMA reactive
myofibroblasts in chronic pancreatitis. Intra- and inter-
lobular proliferation of myofibroblasts mediate fibrogen-
esis in chronic pancreatitis irrespective of the initiating
event. In focal pancreatitis, myofibraoblast proliferation
plays an important role in the development of duct steno-
sis and, thus, in further aggravation of the disease pro-
cess [7]. It remains to be clarified whether SMA reactive
myofibroblasts and CD34* fibrocytes are related in ori-
gin. SMA reactive myofibroblasts were also detected in
adenocarcinomas and in endocrine tumors, whereas
CD34+ fibrocytes disappeared at least focally from the
stroma of adenocarcinomas and endocrine tumors. The
phenomenon of CD34+ fibrocyte loss is not site specific
and has meanwhile been described in the stroma of vari-
ous invasive carcinomas such as colon cancer [15], basal
cell carcinoma of the skin [5, 6, 9, 10, 23], and invasive
ductal breast cancer [4]. It is widely accepted that stro-
mal matrix degradation and subsequent stromal invasion
are crucial stepsin the process of local tumor growth and
systemic tumor spread [1, 11, 12, 14, 18].

With the CD34+* fibrocytes being capable of collagen
| and 11l synthesis and therefore taking part in tissue re-
pair, these cells play an important role in maintaining
stromal integrity and inhibition of tumor cell migration
[2]. Besides its function as a matrix-producing cell, the
CD34* fibrocytes have been shown to express HLA
class-Il molecules and to act as an antigen-presenting
cell [3] indicating that CD34+* fibrocytes might be in-
volved in specific host immune responses to tumor anti-
gens. Therefore, it is of special interest to elucidate what
causes CD34* fibrocytes to disappear from the stroma of
pancreatic adenocarcinomas and endocrine tumors. Cells
of human endocrine pulmonary tumors are capable of in-
ducing apoptosis in dendritic cells and blocking the dif-
ferentiation of CD34* myeloid precursors into mature
dendritic cells [8]. This mechanism might explain our
finding that the stroma of pancreatic endocrine tumors
lacks CD34* fibrocytes. However, this remains to be
clarified in further studies together with the question
whether the sameis true for adenocarcinomas.

While the diagnosis of pancreatic endocrine tumors
is straightforward and can be well substantiated using im-
munohi stochemistry, problems occur when chronic pancre-
atitis has to be distinguished from pancrestic ducta adeno-
carcinoma. According to the data of the present study, de-
tection of CD34* fibrocytes in pancrestic lesions with sus-
pected adenocarcinoma renders this differential diagnosis
less probable and favors a benign lesion such as chronic
pancrestitis. However, the absence of CD34+ fibrocytes
from the stroma of a questionable pancrestic lesion renders
the diagnosis of ductal adenocarcinoma much more likely
than that of chronic pancreatitis. Generally, negative im-
munostaining is regarded to be less valuable, but small
vessels and capillaries provide an internal control of high
reliability when CD34 immunostains are performed. How-
ever, due to the relatively low number of cases investigat-
ed, the diagnostic impact of CD34* fibrocytes in distin-
guishing chronic pancrestitis from adenocarcinoma could
not be assessed precisely. Nevertheless, regarding the ex-
periences of the present study, this approach appears to be
promising and therefore merits further investigation.
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