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Abstract:

To metastasize, cancer cells have to break through the basement membrane. Ln-5 is one o f the
basement membrane proteins, consisting of three chains a3,B3 and y2. Ln-5 y2 chain continas DIII
domain, a functional EGFR ligand, which can be released by MMP processing. It has been suggested by
our lab that DIl domain may facilitate cancer progression by preventing anoikis. However, both the
increased and decreased expression levels of Ln-5 subchains are reported in the literature. The fact that
y2 chain exists in two different forms (as a secreted monomer, or as a part of the Ln-5 heterotrimer)
leads us to hypothesize that those two forms may play different roles in cancer progression. What we
report here is that removing Ln-5 heterotrimer (knocking down y2 chain by shRNA) promotes tumor
progression by inducing Warburg effect in cancer cells.

The Warburg effect describes that cancer cells consume more glucose than normal cells by converting it
to lactate. It has been shown in almost all type of cancer. Reduced secretion of Ln-5, by knock-down of
its y2 subunit (LAMC2-kd), caused increased glucose uptake, lactate production, and cytoplasmic
NAD(P)H levels. This metabolic shift was dependent upon increased plasma membrane GLUTI. A
blocking antibody to the Ln-332 receptor, integrin a3B1, caused GLUTI translocation in control cells
(LAMC2-ctrl_, pointing to a signaling pathway that regulates this anti-Warburg effect. LAMC2-kd cells
produced tumors ~50 times larger than LAMC2-ctrl. Thus, we conclude that loss of contact with BM-
associated ECM can unleash the Warburg effect, promoting tumor progression. The anti-Warburg effect
by Ln-332 links ECM to metabolism and adds an unforeseen dimension to physiological functions of ECM
and ECM receptors
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Introduction:

To metastasize, cancer cells have to break through the basement membrane. Ln-5 is one of the
basement membrane proteins, consisting of three chains a3, B3 and y2. Ln-5 2 chain contains DIII
domain, a functional EGFR ligand, which can be released by MMP processing. It has been
suggested by our lab that DIII domain may facilitate cancer progression by preventing anoikis.
What we noticed is that there are paradoxical data in regard of the role of Ln-5 in cancer
progression. For example, both the increased and decreased expression levels of Ln-5 subchains
are reported in the literature. The fact that y2 chain exists in two different forms (as a secreted
monomer, or as a part of the Ln-5 heterotrimer) leads us to hypothesize that those two forms may
play different roles in cancer progression.

Therefore, the original aims are expanded and modified as the following two: A). To determine if
the expression of Ln-5 y2 monomer is positively correlated with breast cancer cell line
tumorigenecity. B). To determine the role of Ln-5 y2 chain in cancer progression when it is in the
context of Ln-5 heterotrimer. Various phenotypes induced by removing Ln-5 y2 chain were
reported in last report, including the phenotype in glucose metabolism.

Cancer cells are different from normal cells dramatically in cell metabolism. The well known
Warburg effect has been shown in almost all type of cancers. And it has been utilized clinically to
detect cancer lesion. Therefore we focused on the metabolism phenotype found in 804G-kd cells in
the past one year. The unexpected finding is that Ln-5 promotes tumor progression by inducing
Warburg effect in cancer cells.

Body:
Accomplishments

To determine the role of Ln-5 y2 chain in cancer progression in the context of Ln-5 heterotrimer.
Last year, we reported that removing Ln-5 y2 chain induce tumor progression significantly in mice.
To understand the underlying mechanism, various in vitro assays were utilized to compare
804G-ctrl (LAMC2-ctrl) and 804G-kd (LAMC2-kd) cells. Phenotypes were summarized and
reported in last report.

Among these phenotypes, what interested us most is the phenotype in cell metabolism. It is known
that cancer cells and normal cells are different in metabolism. The most famous cancer cell
phenotype in metabolism is the Warburg effect, which was described 50 years ago and applied in
cancer lesion detection clinically. Therefore, we focused on how Ln-5 facilitates cancer
progression through regulating cell metabolism using 804G-ctrl, 804G-kd, MCF10A and its
derivative cell line CAla and CAld.

In 804G cells:

1. Suppression of Ln-332 induces a metabolic shift

It has been described in last year report that LAMC2-kd cells have higher Glucose uptake rate (GU)
and lactate production rate (LP) compared to LAMC2-ctrl cells by novel assays based on a
microphysiometer. To confirm those phenotypes, the classical colorimetric assays were performed.
Increased GU and LP were observed in LAMC2-kd cells compared to LAMC2-ctrl in the
colorimetric assays as well. The increased GU and LP are consistent with what has been described
in the classical Warburg effect.(1)
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Warburg effect is featured by hyperactive glycolysis in cytoplasm, which is reflected by the level
of NADPH. The higher the NADPH level, the more active the glycolysis process in cytoplasm is.
NADPH is autofluorescence.(2) To confirm if removing Ln-5 2 chain will induce Warburg effect,
NADPH autofluorescence was imaged by using two-photon microscope and quantified
accordingly in LAMC2-ctrl and LAMC2-kd cells. An increase in cytoplasmic NADPH was
observed in LAMC2-kd cells compared to LAMC2-ctr] cells.

Our data indicate that, consequent to loss of Ln-332 secretion, carcinoma cell glucose metabolism

switches to aerobic glycolysis. the classic Warburg effect.

Fig. 1 A Quantification of glucose uptake (GU)

and lactate production (LP) rates after 24 h by

GuU LP
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s oecis 2 13 Cytoplasm
5 5 o mean +/- standard deviation. LAMC2-kd cells had
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S ® eporn ° 0 respectively) B, Data are presented are mean +/-
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& s 2 were significantly greater than LAMC2-ctrl in
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2. GLUT1 is increased in 804G-kd (LAMC2-kd) cells. 4

Glucose uptake can be regulated by different molecules,

including glucose transporters (GLUT) and hexokinase ete.(3) Total GLUTI1 expression was
increased in LAMC2-kd cells by western blotting compared to LAMC2-ctrl. Immunostaining data
further indicated that LAMC2-kd cells have more GLUT1 on cell surface. Cell surface labeling
confirmed that more surface GLUTI in LAMC2-kd compared to LAMC2-ctrl cells.

LAMC2-

o

GLUT

GLUT3 protein levels in LAMC2-ctrl and
LAMC2-kd cells. Blots were probed for

B-actin as loading control. B Representative

GLUT3

LAMC2-¢
O
& R
J J
Surface GLUT1 & -
tal GLUT? - e ; :
L - Fig. 2 A Representative westem blot of
Tas (2 ] - - e -
Tetal GLUTY surface GLUT1 and total GLUTI and
images of cells stained for GLUT!1 (top row,
green), GLUT3 (bottom row; green), and

Z-stack —

3. Integrin betal is involved in GLUT]I localization

Integrin 634 and a3B1 are receptors for Ln-5. To investigate whether they are involved in the
GLUT! localization phenotype in 804G-kd cells, those two receptors were either knocked down by
shRNA (integrin 4, knockdown cells were named as Vector-ctrl, ITGB-kd) or blocked by blocking

2
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antibody (Ha2/5, integrin Bl blocking antibody). Knocking-down integrin 34 has no impact on
GLUT]1 localization. However, Integrin B1 blocking antibody treated 804G-ctrl cells acquired more
GLUTT1 on surface, which is similar to 804G-kd cells. Our data suggest that Integrin B1 is involved
in GLUTI localization.

Vector-cirl ITGB4-kd + HalE blocking = IgM control

GLUT1
LAMCZ-cint

Fig3. (:’\) Representative images of GLUTI (green) and GLUT3 (green) immunostaining in Vector-ctrl and ITGB4-kd cells, with
nuclear marker (blue) (scale bar=10 um) (B) Representative images of LAMC2-ctrl cells stained for GLUT!1 (green) and nuclei
(blue) on Ha2/5 or IgM.. Ha2/5 integrin B1 blocking antibody or 1gM control was added to cells 3 h after they antached to dishes

IgM was used as treatment control (scale bar=10 pum)

In MCF10A. CAla. CAld. NeuN. NeuT cells (in collaboration with Mohamed Hassanein)

Glucose uptake and lactate production were measured under two conditions (with or without serum
supplement S/S and 0/0) in MCF10A, CAla, CAld, NeuN and NeuT cells. Glycolytic index
(produced lactate/ consumed glucose) was calculated as described before.(4) Our data suggest that
more tumorigenic breast cancer cell lines are more glycolytic, in another word, under the Warburg

th-l Glycolytic rates were calculated by (A) the glycolytic rates of MCF10A and its denvanve cell lines in the presence of serum and
supplements. (B) the glycolytic rates of MCFIOA and its denvatve cell lines in the absence of serum and supplements

0.2% 012
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Key research accomplishment

A. Downregulation of Ln-5 y2 by shRNA in 804G cells which synthesize Ln-5 heterotrimer
induced Warburg effect (increased glucose uptake, lactate production and cytoplasmic
NAD(P)H level)

B. Downregulation of Ln-5 v2 by shRNA in 804G cells induced increased total GLUT]I
expression and surface GLUT1, which might contribute to the Warburg effect.

C. Integrin B1 blocking antibody induced increased surface GLUTI1 in 804G cells, which
suggests that integrin 1 is involved in GLUTI localization.

D. tumorigenic breast cancer cell lines have higher glycolytic rates (indicated by the

3
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glycolytic index) than the non-tumorigenic cell line MCF10A.

Reportable outcomes
The work so far done in this project has been presented in the department seminar at
Vanderblit University.
Manuscript submitted

Conclusions

Overexpression of Ln-5 y2 chain had been associated with increased tumorigenesis, in breast
as well as other cancers. Surprisingly, we have found that deletion of y2 chain expression,
instead, can dramatically upregulate tumorigenesis in in vivo models. Ln-5 heterotrimers have
a tumor suppressor role in our model. Our current data suggest that Ln-5 can repress the
Warburg effect through Integrin a3p1. By removing g2 chain of Ln-5 ( elimination of Ln-5
heterotrimer), cells were undergoing Warburg effect which was indicated by increased GU,
LP and cytoplasmic NAD(P)H level.
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Abstract:

To metastasize, cancer cells have to break through the basement membrane. Ln-5 is one of the
basement membrane proteins, consisting of three chains a3, B3 and y2. Ln-5 y2 chain contains
DIII domain, a functional EGFR ligand, which can be released by MMP processing. It has
been suggested by our lab that DIII domain may facilitate cancer progression by preventing
anoikis. However, both the incrcased and decreased expression levels of Ln-5 subchains are
reported in the literature. The fact that y2 chain exists in two different forms (as a secreted
monomer, or as a part of the Ln-5 heterotrimer) leads us to hypothesize that those two forms
may play different roles in cancer progression. What we report here is that removing Ln-5
heterotrimer (knocking down 2 chain by shRNA) promotes tumor progression by inducing
Warburg effect in cancer cells.

The Warburg effect describes that cancer cells consume more glucose than normal cells by
converting it to lactate. It has been shown in almost all type of cancers. Reduced secretion of
Ln-5, by knock-down of its y2 subunit (LAMC2-kd), caused increased glucose uptake, lactate
production, and cytoplasmic NAD(P)H levels. This metabolic shift was dependent upon
increased plasma membrane GLUT1. A blocking antibody to the Ln-332 receptor, integrin
o3B1, caused GLUT]1 translocation in control cells (LAMC2-ctrl), pointing to a signaling
pathway that regulates this anti-Warburg effect. LAMC2-kd cells produced tumors ~50 times
larger than LAMC2-ctrl. Thus, we conclude that loss of contact with BM-associated ECM can
unleash the Warburg effect, promoting tumor progression. The anti-Warburg effect by Ln-332
links ECM to metabolism and adds an unforeseen dimension to physiological functions of
ECM and ECM receptors
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