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Fig. 1 The morphological changes of collagen IV in cancer
tissues based on QDs-585 molecular imaging

(a) Double-layer collagen [V surrounds breast cancer nests with fuzzy
inner layer compared with outer layer, especially at invasion front. (b)
Double-layer collagen [V surrounds gastric cancer (GC) nests with
irregular deposition in ECM. (c¢) Collagen IV surrounding cervical
carcinoma (CC) nests is loose with multiple-layer. (d) Collagen [V in
intrahepatic biliary carcinoma nests presents double-layer at invasion
front. (Red arrow heads indicate the sites with collagen IV changes).
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Fig. 2 Typical collagen IV alterations in different cancer
tissues

A1 ~A3 show linear type of collagen IV aligned with hepatocellular
carcinoma nests. B1~ B3 show irregular type of collagen IV surrounding
GC nests. C1~ (3 show fragmented type of collagen IV depositing in
ECM of GC. D1~ D3 show collagen IV disappears both in ECM and
around tumor nests. Red arrow heads indicate the sites with collagen [V
changes.
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Fig. 3 Comparison between CC tissue and peri-tumor

tissues based on multiple molecular biomarkers
A1, Bl show HE staining of peri-tumor tissue and CC tissue respectively.
A2, A3 show expressions of Ki67 and macrophages in peri-tumor tissues
by immunohistochemistry (IHC), compared with those in CC tissue (B2,
B3 respectively). A4 ~A6 show collagen IV expression in peri-tumor
tissues, presenting an intact and smooth line both by IHC (44) and
QDs-585 (A5, A6). B4, B7 show increased collagen [V deposition
forming dense multi-layer aligned with CC nests by IHC and QDs
imaging, respectively. BS shows loose and fuzzy layers of collagen IV
surrounding CC nests. B6, B8, B9 show cancer cells protrude into stroma
with disappearance of loose collagen IV . Red arrow heads indicate the

sites with collagen IV changes.
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Fig. 4 Collagen IV changes of GC during invasion process

based on well-differentiated tubular adenocarcinoma
(a, b) show GC nests are surrounded by intact and dense collagen IV
almost without degradation and ECM deposition. (¢, d) show collagen
IV aligned with GC nests is degraded at invasion front (Red arrows) with
increased irregular collagen [V deposition in ECM.
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Fig. 5 Pulse-mode of cancer invasion and metastasis
As tumor mass expands, ECM remodeling occurs characterized by collagen IV changes including degradation and re-deposition. Prominent central

hypoxia cancer cells secret LOX to cross-link collagen IV to constrain cancer cells and subsequently to be degraded followed by increasing collagen IV

deposition in ECM. Tumor mass becomes increasingly harder with tumor stroma stiffening causing high ECM stress. With cancer cells proliferation,

tension becomes increasingly higher, till reaching a critical point, where large tumor nests "burst", releasing many tiny seeding nests and reducing the

central ECM tension. The resulting seeding tumor nests repeat the same process of tumor mass growth —prominent central hypoxia —collagen IV

cross-linking and deposition—ECM remodeling—ECM stress buildup—tumor nest bursts, leading to accelerated cancer progression in this rich "soil"

of dysfunctional tumor microenvironment.
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Dynamic Changes of Collagen IV During Cancer Invasion and Migration:
Pulse Mode’

FANG Min, YUAN Jing-Ping, PENG Chun-Wei, LIU Shao-Ping, LI Yan™
(Department of Oncology, Zhongnan Hospital of Wuhan University, Hubei Key Laboratory of Tumor Biological Behaviors
and Hubei Cancer Clinical Study Center, Wuhan 430071, China)

Abstract Cancer invasion and metastasis remain two root causes of mortality. This process involves alterations
of tumor microenvironment, particularly the remodeling of extracellular matrix(ECM), characterized by collagen IV
uncoiling, degradation, fragments deposition and cross-linking. This study was aimed to reveal the cancer invasion
mode based on dynamic changes of collagen [V by novel quantum dots (QDs) imaging technology. Cancer tissues
of hepatocellular carcinoma, gastric cancer, breast cancer and cervical carcinoma were collected and stained by
traditional immunohistochemistry and novel QDs-based imaging technology. Several key molecules representing
of cancer cells and tumor microenvironment were studied, including Ki67, representing of proliferation of cancer
cells, macrophages, representing of monocytes infiltration and collagen [V , representing of tumor stroma
remodeling during cancer invasion and migration. During cancer invasion and migration, collagen [V had structural
and functional changes. In different cancer tissues, 4 types of collagen [V could be observed, consisting of linear,
irregular, fragmented and disappeared. However, several common features were evident during the dynamic
process of cancer progression. First, collagen [V at basement membrane increased, presenting an irregular sheath
surrounding cancer nests; then, collagen [V was degraded to form invasion fronts at several sites accompanied with
linear re-deposition of collagen IV and increased macrophages in ECM. Second, cancer cells escaped from large
cancer nests to seed in ECM. And also the dynamic changes of collagen IV were accompanied with the recruitment
of macrophages, together to regulate and affect biological behaviors of cancer cells. A series changes caused by
dynamic changes of collagen IV provide a proper tumor microenvironment for cancer invasion and migration. In
this dysfunctional tumor microenvironment, tumor mass becomes increasingly harder with tumor stroma stiffening
causing high ECM stress. With cancer cells proliferation, tension becomes increasingly higher, till reaching a
critical point, where large tumor nests "burst", releasing many tiny seeding nests and reducing the central ECM
tension. The resulting seeding tumor nests repeat the same process of tumor mass growth —prominent central
hypoxia—collagen IV cross-linking and deposition—~ECM remodeling—ECM stress buildup—tumor nest bursts,
leading to accelerated cancer progression in this rich "soil" of dysfunctional tumor microenvironment, presenting a

"pulse mode".
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