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Arrest of Cell Proliferation in Budding Tumor Cells
Ahead of the Invading Edge of Colonic Carcinomas.
A Preliminary Report
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Abstract. Background: Single or small groups of
dedifferentiated tumor cells, referred to as tumor budding, may
be found ahead of the defined invasive edge of colorectal
carcinomas. Tumor budding is claimed to correlate with lymph
node metastasis and local recurrence. Materials and Methods:
Sections from six surgically removed invasive colonic
carcinomas were stained with hematoxylin-eosin (H&E), MNF
116 (an epithelial marker) and for Ki-67 (a proliferation
marker) and four specimens also for laminin-5 (a cell-
locomotion marker). Results: In comparative fields, a mean of
86.2 tumor buds (range 60-132) were detected with MNF 116
immunostain, 5.8 tumor buds (mean, range 5-9) with H&E
stain, 9.7 tumor buds (range 7-18) with Ki-67 immunostain and
9.3 tumor buds (range 8-12) with laminin-5. Conclusion: The
majority of the MNF 116-positive budding tumor cells ahead of
the invading tumor front were not detected with H&E, or for Ki-
67 or laminin-5. Host invasion by budding tumor cells might be
activated only after the cell cycle has been switched off (GO).

Several reports have indicated that single or small groups of
dedifferentiated tumor cells, referred to as tumor budding,
often occur ahead of the defined invasive edge in different
cancer locations such as the lip (1), the tongue (2), the lung
(3) and the colorectum (4, 5).

In recent years, much interest has centred on tumor budding
in the colorectum due to its reported association with tumor
aggressiveness (4-24). It has been postulated that tumor
budding is more useful than other accepted parameters (massive
submucosal invasion, vascular invasion or poor differentiation)
in predicting lymph node metastasis or local recurrence (18).
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We have previously investigated tumor behavior of
colorectal carcinomas at the leading invading edge (25-30),
not only by conventional hematoxylim-eosin (H&E) stains
but also with the broad-spectrum epithelial marker MNF 116
immunostain. Neoplastic glands were found to display either
flattened cells or cellular gaps called glandular pores. The
flattened glandular tumor cells and those at the tip of the
pores were often p53 mutated but lacked signs of cell
proliferation, as deduced by Ki-67 (clone MIBI1)
immunostain. The possibility that the Ki-67-negative
neoplastic cells had been removed from the cell cycle (GO)
was proposed. The apparent paradoxical biological behaviour
of the neoplastic cells at the tumor edge suggested the
possible existence of two independent molecular systems,
one transferring the p53 mutation to daughter cells and the
other supervising cell proliferation.

In the present work, the proliferation of tumor budding
cells ahead of the invading edge of colorectal carcinomas,
was investigated.

Materials and Methods

A total of six consecutive surgically resected colonic carcinomas
(from 3 males aged 58, 72 and 82 years, and from 3 females aged
69, 78 and 79 years) were investigated,

A representative area showing the most numerous
dedifferentiated tumor cells (single or in small groups of neoplastic
cells) ahead of the defined invasive edge was selected in H&E-
stained sections. From the same blocks in the six cases, consecutive
sections were immunohistochemically stained with cytokeratin
MNF 116 (Dako Automation) or with the proliferation antibody
Ki-67 (clone MIB1, Dako Automation). In addition, consecutive
sections in four of the six specimens were immunohistochemically
stained for laminin-5, gamma 2 chain (Dako Automation).
Laminin-5 is claimed to be part of the epithelial anchoring system
and of cell locomotion (3, 16).

The number of H&E, MNF 116, MIB1 and of laminin-5 labeled
cells ahead of the defined invasive edge was calculated in
comparative areas (at 10x magnification) previously selected by
H&E stain.
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Table 1. The number of immunostained budding tumor cells in
corresponding fields ahead of the invading tumor edge of colonic
adenocarcinomas.

Case # MNF 116 H&E MIB1 Laminin-5
1 60 5 7 9

2 92 6 9 8

3 132 9 18 12

4 82 5 9 8

5 67 4 7

6 78 6 8

Total 511 35 58 37
Mean 852 5.8 9.7 9.3

MNF 116 (an epithelial marker), hematoxylin-eosin (H&E), MIB1 (a
proliferation marker) and laminin-5 (a cell locomotion marker).

Results

Table I shows the number of budding tumor cells recorded
in selected areas stained with MNF 116 and in comparative
fields stained with H&E stain and with MIB1 in all six cases
and with laminin-5 in four of the cases.

Whereas a mean of 86.2 tumor buds (range 60-132) was
detected with MNF 116 immunostain (Figure 1), only 5.8
tumor buds (mean, range 5-9) were found with H&E stain,
9.7 tumor buds (mean, range 7-18) with MIB1 immunostain
(Figure 2) and 9.3 tumor buds (mean, range 8-12) with
laminin-5 (Figure 3).

Discussion

Immunostain for Ki-67 is known to label all cells actively
participating in the various phases of the cell cycle, namely
Gl1, S, G2 and M (31), unlabeled cells being in a resting
phase (GO) (32). Cyclin A was not used since it binds
mainly to the S-phase Cdk2.

As the broad-spectrum cytokeratin MNF116 labels all
epithelial cells, including budding tumor cells, the observation
that the proliferation marker Ki-67 detected only a small
fraction of the MNF 116 labeled cells, was unexpected.
Similarly, only a few budding tumor cells were recorded in
the H&E stained sections and with the laminin-5
immunostain (when compared to those found by the broad-
spectrum cytokeratin MNF 116 in comparative areas).

Several authors have assessed the number of budding
tumor cells in H& E-stained sections (4, 5, 10-12, 14, 15, 18,
22) and with laminin-5 immunostain (3, 16, 20-24).
However, laminin-5 detected only a small fraction of the
MNF 116-labeled cells in the present study. Thus, laminin-5
appears to be an unreliable stain in assessing the actual
number of budding tumor cells.
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Figure 1. Numerous budding tumor cells ahead of the invading edge of
a colonic carcinoma (MNF 116 immunostain, x10).

Tumor cells are by definition those that have acquired the
capacity of autonomous, immortal proliferation; that is, they
do not respond to normal growth control (31) when not
halted by anoxic distress, vascular obstruction or radiation
(25). Notwithstanding, the majority of the budding tumor
cells were shown to refrain from cell proliferation in the
present study. It remains enigmatic why budding tumor cells
with an invasive “instinct” to overcome the host should at the
same time curb their most (assumed) powerful weapon, that
is, increased cellular proliferation. In the light of these and of
previous findings (25), it would appear that cell proliferation
at the invading tumor edge in colonic carcinomas might be
regulated by a novel molecular system.

As each surgical case was fixed on a different day and at a
different time of the day, it might be deduced that the majority
of the budding tumor cells were in GO, at any given time. A
possible explanation for this conundrum might be that after
being sequestered from the cell cycle, GO-budding tumor cells
redeploy their molecular attributes, focusing on signals that
trigger local invasion, a crucial biological process linked to
lymph node metastasis and local recurrence (8, 18-20).

Hence, the arrest of the cell cycle might be an essential
prerequisite to encourage budding tumor cells to resume local
tumor invasion. It should be mentioned that a similar switch-off
phenomenon of the cell cycle has recently been demonstrated
in carcinoma in situ cells (26, 27) and in neoplastic glandular
cells at the invasion edge of colonic carcinomas (25).

In summary, it was demonstrated for the first time that the
majority of the budding tumor cells ahead of the invading
tumor front are not actively participating in the proliferation
cycle. It was speculated that host invasion by budding tumor
cells might be activated only after the cell cycle has been
switched off (GO).
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Figure 2. A comparative field to that shown in Figure 1, stained with the
proliferation marker Ki-67, clone MIBI (x10).

A previously non-envisaged regulatory molecular
pathway, able to orchestrate the arrest of the proliferation
cycle (GO) in budding tumor cells and to promote increased
cell locomotion, a sine qua non machinery that secures host
invasion, might occur.

More research is necessary to disclose the molecular events
responsible for the arrest of the proliferation cycle of budding
tumour cells and for the assumed increased cell locomotion
ahead of the invading edge of colorectal carcinomas.

References

1 Broders AC: Squamous cell epithelioma of the lip. A study of
537 cases. JAMA 74: 656-664, 1920.

2 OnoY, Nakanishi Y and Ino Y: Clinicopathologic significance of
laminin-5 y2 chain expression in squamous cell carcinoma of the
tongue. Cancer 85: 2315-2321, 1999.

3 Moriya Y, Niki T, Yamada T, Matsuno Y, Kondo H and
Hirohashi S: Increased expression of laminin-5 and its
prognostic significance in lung adenocarcinomas of small size.
Cancer 97: 1129-1141, 2001.

4 Hase K, Shatney C, Johnson D, Trollope M and Vierra M:
Prognostic value of tumor ‘budding’ in patients with colorectal
cancer. Dis Colon Rectum 36: 627-635, 1993.

5 Okuyama T, Oya M and Ishikawa H: Budding as a risk factor for
lymph node metastasis in pT1 or pT2 well-differentiated
colorectal adenocarcinoma. Dis Colon Rectum 45: 628-634, 2002.

6 Morodomi T, Isomoto H, Shirouzu K, Kakegawa K, Irie K and
Morimatsu M: An index for estimating the probability of lymph
node metastasis in rectal cancers. Lymph node metastasis and
the histopathology of actively invasive regions of cancer. Cancer
63: 539-543, 1989.

7 Ono M, Sakamoto M and Ino Y: Cancer cell morphology at the
invasive front and expression of cell adhesion-related
carbohydrate in the primary lesion of patients with colorectal
carcinoma with liver metastasis. Cancer 78: 1179-1186, 1996.

Figure 3. A comparative field to that shown in Figure 1, stained with
laminin-5 (x10).

8 Goldstein NS and Hart J: Histologic features associated with

lymph node metastasis in stage T1 and superficial T2 rectal
adenocarcinomas in abdominoperineal resection specimens.
Identifying a subset of patients for whom treatment with adjuvant
or completion abdominoperineal resection should be considered
after local excision. Am J Clin Pathol 7/717: 51-58, 1999.

9 Masaki T and Muto T: Predictive value of histology at the

invasive margin in the prognosis of early invasive colorectal
carcinoma. J Gastroenterol 35: 195-200, 2000.

10 Ueno H, Murphy J, Jass JR, Mochizuki H and Talbot IC: Tumor
‘budding’ as an index to estimate the potential of aggressiveness
in rectal cancer. Histopathology 40: 127-132, 2002.

11 Park KJ, Choi HJ, Roh MS, Kwon HC and Kim C: Intensity of
tumor budding and its prognostic implications in invasive colon
carcinoma. Dis Colon Rectum 48: 1597-1602, 2005.

12 Guzifiska-Ustymowicz K: The role of tumour budding at the
front of invasion and recurrence of rectal carcinoma. Anticancer
Res 25: 1269-1272, 2005.

13 Guzinska-Ustymowicz K, Zalewski B, Kasacka I, Piotrowski Z
and Skrzydlewska E: Activity of cathepsin B and D in colorectal
cancer: relationships with tumour budding. Anticancer Res 24:
2847-2851, 2004.

14 Okuyama T, Nakamura T and Yamaguchi M: Budding is useful
to select high-risk patients in stage II well-differentiated or
moderately differentiated colon adenocarcinoma. Dis Colon
Rectum 46: 1400-1406, 2003.

15 Tanaka M, Hashiguchi Y, Ueno H, Hase K and Mochizuki H:
Tumor budding at the invasive margin can predict patients at
high risk of recurrence after curative surgery for stage II, T3
colon cancer. Dis Colon Rectum 46: 1054-1059, 2003.

16 Sordat I, Rousselle P, Chaubert P, Petermann O, Aberdam D,
Bosman FT and Sordat B: Tumor cell budding and laminin-5
expression in colorectal carcinoma can be modulated by the
tissue micro-environment. Int J Cancer 88: 708-717, 2000.

17 Zlobec I, Lugli A, Baker K, Roth S, Minoo P, Hayashi S,
Terracciano L and Jass JR: Role of APAF-1, E-cadherin and
peritumoral lymphocytic infiltration in tumour budding in
colorectal cancer. J Pathol 272: 260-268, 2007.

2419



ANTICANCER RESEARCH 28: 2417-2420 (2008)

18 Masaki T, Matsuoka H, Sugiyama M, Abe N, Sakamoto A and
Atomi Y: Actual number of tumor budding as a new tool for the
individualization of treatment of T1 colorectal carcinomas. J
Gastroenterol Hepatol 27: 1115-1121, 2006.

19 Masaki T, Matsuoka H, Sugiyama M, Abe N, Sakamoto A,
Watanabe T, Nagawa H and Atomi Y: Tumor budding and
evidence-based treatment of T2 rectal carcinomas. J Surg Oncol
92: 59-63, 2005.

20 Masaki T, Matsuoka H, Sugiyama M, Abe N, Izumisato Y,

Goto A, Sakamoto A and Atomi Y: Laminin-5 gamma 2 chain

and matrix metalloproteinase-2 may trigger colorectal

carcinoma invasiveness through formation of budding tumor

cells. Anticancer Res 23: 4113-4119, 2003.

Masaki T, Sugiyama M, Matsuoka H, Abe N, Izumisato Y,

Sakamoto A and Atomi Y: Coexpression of matrilysin and

laminin-5 gamma 2 chain may contribute to tumor cell migration

in colorectal carcinomas. Dig Dis Sci 48: 1262-1267, 2003.

22 Masaki T, Matsuoka H, Sugiyama M, Abe N, Mori T, Atomi Y,
Watanabe T, Nagawa H and Muto T: Budding as a useful
determinant of the optimal treatment for T1 rectal carcinomas.
Hepatogastroenterology 50: 388-391, 2003.

23 Masaki T, Matsuoka H, Sugiyama M, Abe N, Izumisato Y,
Sakamoto A and Atomi Y: Laminin-5 gamma 2 chain expression
as a possible determinant of tumor aggressiveness in Tl
colorectal carcinomas. Dig Dis Sci 48: 272-278, 2003.

24 Lenander C, Roblick UJ, Habermann JK, Ost A, Tryggvason K
and Auer G: Laminin-5 gamma 2 chain expression: a marker of
early invasiveness in colorectal adenomas. Mol Pathol 56: 342-
346, 2003.

2

—

2420

25 Rubio CA: Further studies on the arrest of cell proliferation in
tumor cells at the invading front of colonic adenocarcinoma. J
Gastroenterol Hepatol 22: 1877-1881, 2007.

26 Rubio CA: Qualitative DNA differences between two
structurally different lesions: high-grade dysplasia and
carcinoma in situ in colorectal adenomas. Anticancer Res 27:
2881-2885, 2007.

27 Rubio CA: Adenocarcinoma in inflammatory colorectal disease.
Histological features pertinent to local tumour progression.
Anticancer Res 23: 4313-4318, 2003.

28 Rubio CA: Further studies on the histological characteristics
linked to local tumour invasion in colorectal carcinomas.
Anticancer Res 23: 3555-3560, 2003.

29 Rubio CA and Lindblom A: Histological changes pertinent to
local tumor progression in hereditary nonpolyposis colorectal
cancer (HNPCC). A preliminary report. Anticancer Res 24:
1765-1768, 2004.

30 Rubio CA: Possible mechanism connected with the progression
of submucosal invasion in colorectal neoplasias. Anticancer Res
25:2503-2507, 2005.

31 Miyazaki K: Laminin-5: unique biological activity and role in
tumor growth and invasion. Cancer Sci 97: 91-98 2006.

32 Whitfield ML, George LK, Grant GD and Perou CM: Common
markers of proliferation. Nat Rev Cancer 6: 99-106, 2006.

Received January 29, 2008
Revised April 21, 2008
Accepted April 30, 2008



