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Abstract

Background: Micropapillary carcinoma (MPC) has been reported as 
an aggressive variant of colorectal carcinoma (CRC) associated with 
frequent lymphovascular invasion and poor outcome. Altered gly-
cogen metabolism by metabolic reprogramming plays a critical role 
for cancer cell growth and survival. We aimed to investigate glucose 
metabolic reprogramming in colorectal MPC.

Methods: Immmunostains for Ki-67 and glucose transporter 1 
(GLUT1) were performed on 10 colorectal MPCs. Real-time PCR 
analysis of expressions of GLUT1 and glycogen metabolizing en-
zymes: glycogen synthase (GYS1) and glycogen phosphorylase 
(PYGL) was performed on cultured monolayer and three-dimensional 
(3D) spheroid HCT116 colon cancer cells.

Results: GLUT1 was strongly expressed in MPC as compared to ad-
jacent conventional glandular component, and was also significantly 
increased expression in 3D spheroids. Upregulation of GYS1 and 
PYGL was markedly increased in 3D spheroids. The proliferation 
rate (Ki-67) of MPC was significantly lower compared to conven-
tional glandular component. The 3D spheroids showed increased cell 
cycle arrest. Our results demonstrate altered glycogen metabolism in 
colorectal MPC.

Conclusion: The reprogramming of glycogen metabolism in MPC 
provides a source of energy contributing to tumor cell survival in a 
low proliferation state. Targeting glucose-regulated metabolism may 
warrant consideration as possible MPC therapies.
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Introduction

Colorectal carcinoma (CRC) is the third most commonly di-
agnosed cancer and the second leading cause of cancer death 
worldwide [1]. Micropapillary carcinoma (MPC), a subtype of 
CRC, has been reported as an aggressive variant of carcinoma 
associated with frequent lymphovascular invasion and poor 
outcome [2-4]. The MPC cells (MCs) are clusters of neoplastic 
cells that closely adhere to each other with inverted cell polar-
ity and are located in distinct empty spaces [5, 6]. Such micro-
papillary structure can be seen with many other cancers, often 
constitutes one of the morphological tumor components and 
coexists with other histological types of cancer, or rarely it can 
be the only morphological pattern. Studies have shown that 
CRCs even with micropapillary component involving 2-5% 
of the tumor volume demonstrate more aggressive behavior 
compared to conventional CRCs [6, 7]. However, the mecha-
nisms by which the MCs obtain nutrients and gain aggressive 
biological behavior in the absence of a fibrovascular core and 
the formation of cell clusters with surrounding empty spaces 
are unclear.

Unlike normal cells with aerobic oxidation of glucose for 
energy supply, cancer cells possess a drastic increase in glu-
cose uptake and glucose metabolism via anaerobic glycoly-
sis to maintain their proliferation and survival. This meta-
bolic reprogramming not only provides energy for cancer 
cells, but also provides essential macromolecules for their 
protein and nucleotide biosynthesis [8, 9]. Studies show that 
hypoxia and tumor microenvironment play an important 
role in regulating cancer cell glucose metabolic reprogram-
ming [10-12]. Hypoxia, one of the most important tumor 
microenvironmental changes in solid tumors, is also seen in 
CRCs [13]. We have shown that hypoxia-induced factor-1a 
(HIF-1a), a key player in the intracellular hypoxia pathway, 
is activated in cultured HCT116 colon cancer cells under hy-
poxic condition as well as in tumor budding cells of CRCs 
[14]. Hypoxia and associated transcription factor HIF-1a 
can upregulate cancer cell expression of glucose transporter 
1 (GLUT1), a major glucose transporter protein in cancer 
cells, and induce glycogen metabolizing enzymes includ-
ing glycogen synthase (GYS1) and glycogen phosphorylase 
(PYGL). However, the role of altered glycogen metabolism 
and its potential impact on the biology of MPC remain poor-
ly understood.
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Materials and Methods

MPC component assessment and immunohistochemical 
(IHC) stains

Ten cases of CRC with micropapillary component involving 
at least 5% of the tumor volume were included in this study. 
The assessment of cases as MPC component was performed on 
H&E-stained sec tions. IHC stains for GLUT1 and Ki-67 were 
performed on representative sections of each case. For analysis 
of tumor cell proliferation rate (Ki-67), three high-power fields 
(× 400) of MCs and the adjacent tumor cells of conventional 
glandular component were counted. The proliferation rate was 
calculated as percentage of Ki-67 positive cells out of the total 
cells.

The study was approved by appropriate institu tional re-
view board.

Cell culture and spheroid formation

The HCT116 colon cancer cells were cultured in DMEM/F12 
media supplemented with 10% fetal bovine serum, 100 units/
mL penicillin G and 100 µg/mL streptomycin at 37 °C under 
air/5% CO2. The cells were passed when approaching 90% 
confluence to provide new maintenance culture on T-75 flasks 
and spheroid formation in ULA 96-well round bottomed mi-
croplates. Spheroids of cells were established by simply dis-
pensing 200 µL cell suspensions at varying seeding densities, 
80,000, 40,000, 20,000, 5,000 and 1,250 cells per well, into 
the ULA plate. The spheroid morphology was examined us-
ing an inverted light microscope. All spheroids used for study 
were from day 3 culture with 20,000 cells of seeding density 
per well.

Cell cycle analysis

The cultured three-dimensional (3D) spheroid and monolayer 
HCT116 colon cancer cells were harvested after 3-day culture 
and stained with propidium iodide as previously described 
[15]. Cell cycle distributions were determined by fluorescence-
activated cell sorter (FACS, BD Biosciences) analysis. Quan-
titation of the fraction of cells in different cell cycle phases 
was done using FlowJo software. The numbers of cells in G1 
(2n DNA), S phase (> 2n and < 4n DNA) and G2/M (4n DNA) 
were quantified, and the percent fraction of cells in each phase 
was calculated as previously described [14].

RNA extraction and mRNA analyses

Total RNA extraction and mRNA analyses (real-time RT-
PCR) were performed by using monolayer and spheroid 
HCT116 colon cancer cells. Primers used for human GLUT1 
were sense: 5’-GGCCAAGAGTGTGCTAAAGAA-3’ and 
anti-sense: 5’-ACAGCGTTGATGCCAGACAG-3’; GYS1 

sense: 5’-GCGCTCACGTCTTCACTACTG-3’ and anti-
sense: 5’-TCCAGATGCCCATAAAAATGGC-3’; PYGL 
sense: 5’-CAGCCTATGGATACGGCATTC-3’ and anti-
sense: 5’-CGGTGTTGGTGTGTTCTACTTT-3’; 18S sense: 
5’-CGCGGTTCTATTTTGTTGGTTT-3’ and anti-sense: 
5’-GCGCCGGTCCAAGAATTT-3’.

Statistical analysis

Data were expressed as mean ± standard deviation (SD) and 
statistically significant difference was accepted at P < 0.05.

Results

Assessment of MPC and spheroid formation in cultured 
colon cancer cells

As described previously [6], CRC with micropapillary compo-
nent involving at least 5% of the tumor volume was included in 
this study. The MPC component is characterized as small, tight 
cluster of neoplastic cells (> 5 cells) without true fibrovascular 
core, surrounded by an empty, cleft-like spaces that resemble 
small dilated lymphatic vessels [6, 16]. The tumor cells show 
eosinophilic cytoplasm and pleomorphic hyperchromatic nu-
clei (Fig. 1a, b).

In contrast to most traditional cell culture systems, a 3D 
cell culture with spheroid formation mimicking MPC in vivo 
has been used to study tumor invasion, metastasis and drug 
sensitivity [17, 18]. We used HCT116 human colon cancer 
cells and cultured as monolayer (Fig. 1c) or 3D spheroids (Fig. 
1d). As seen in Fig. 1d, the 3D spheroids morphologically sim-
ulate cell clusters in MPC.

MPC and cultured spheroid colon cancer cells show in-
creased GLUT1 expression

The mechanisms by which MPC obtains nutrients in the ab-
sence of a fibrovascular core and the formation of cell clus-
ters with surrounding empty spaces are unclear. Altered cel-
lular glycogen metabolism by metabolic reprogramming of 
cancer cells plays a critical role for cell growth and promotes 
cancer cell survival. GLUT1 has a high affinity for glucose, 
and is the glucose transporter that is most often upregulated 
across other cancer types. High expression of GLUT1 corre-
lates with disease progression and poor survival [19, 20]. We 
investigated if there is increased GLUT1 expression in MCs 
compared to that of conventional tumor cells from the main 
tumor. GLUT1 was strongly expressed in MCs as compared 
to adjacent tumor cells of conventional glandular component 
in all the 10 CRC cases (Fig. 2a). Similar to MCs in CRCs, 
GLUT1 expression was significantly increased in cultured 
3D spheroids compared to monolayer HCT116 colon can-
cer cells (Fig. 2b). These data indicate that the increase of 
cytoplasmic glucose transportation through upregulation of 
GLUT1 exists in both in vivo CRC MCs and in vitro cultured 
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3D spheroids.

Spheroid colon cancer cells show significantly increased ex-
pression of glycogen metabolizing enzymes

We have shown hypoxic microenvironment exists at the ad-

vancing tumor front in CRCs [14]. Glycogen accumulation 
under hypoxic conditions has been observed in several cancer 
cell lines and studies have suggested a critical role of glyco-
gen in promoting survival of cancer cells [21, 22]. Synthesis 
and breakdown of glycogen involves the activity of several 
enzymes and regulatory proteins. Among these, GSY1 and 
PYGL catalyze the key steps of glycogen synthesis and deg-

Figure 1. Micropapillary carcinoma and spheroid formation. (a) Characteristic cell clusters surrounded by empty spaces (H&E, 
× 100). (b) Micropapillary cells displaying a high grade of anaplasia (H&E, × 400). (c) Cultured monolayer HCT116 human colon 
cancer cells (phase contrast, × 200). (d) 3D spheroid HCT116 human colon cancer cells formed in ULA round-bottom microplate 
(phase contrast, × 200).

Figure 2. GLUT1 expression. (a) Tumor cells of micropapillary component showing increased immunohistochemical expres-
sion of GLUT1 compared to adjacent tumor cells of conventional glandular component (DAB, × 200). (b) GLUT1 expression is 
significantly increased in 3D spheroids than that of monolayer HCT116 colon cancer cells assayed by real-time RT-PCR (sixfold 
induction, *P < 0.01).



Articles © The authors   |   Journal compilation ©  Gastroenterol Res and Elmer Press Inc™   |   www.gastrores.org 131

Vyas et al  Gastroenterol Res. 2019;12(3):128-134

radation, respectively [20, 23]. We investigated if there is in-
creased expression of glycogen metabolizing enzymes GYS1 
and PYGL in cultured 3D spheroids. As seen in Fig. 3a and b, 
the expression of two fundamental glycogen metabolizing en-
zymes GYS1 and PYGL was markedly increased in 3D sphe-
roids as compared to monolayer HCT116 colon cancer cells.

MPS shows cell proliferation arrest

Although it is well accepted that high proliferation index is as-
sociated with tumor progression, lymphovascular invasion and 
metastasis, we have identified tumor budding cells in CRCs, 
one important aggressive histomorphology, showed signifi-
cantly decreased proliferation index compared to adjacent 
tumor cells of conventional glandular component assessed 
by Ki-67 IHC [14]. We then investigated if there is decreased 
proliferation rate of MCs as seen in tumor budding cells. The 

MCs in CRCs showed significantly lower proliferation rate 
(Ki-67 positive cells) compared to adjacent tumor cells of con-
ventional glandular component (Fig. 4a, b). Similarly, the cul-
tured 3D spheroids showed significant increase of cells in G0/
G1 phase compared to monolayer HCT116 colon cancer cells 
(59.50±2.35% vs. 20.87±0.67%, P < 0.001) (Fig. 4c).

Discussion

Carcinoma with micropapillary pattern or MPC has been rec-
ognized as a distinct histologic type and described in various 
organs including lung, breast, urinary bladder, stomach and 
others. Studies have demonstrated that, irrespective of organ 
of origin, the presence of micropapillary pattern in carcinomas 
is closely associated with lymph node or distant metastases, 
lymphovascular invasion, local recurrence and worse progno-
sis with shorter survival [24-28]. MPC of colorectum was first 

Figure 3. Expression of (a) GSY1 and (b) PYGL. Expressions of GSY1 and PYGL are significantly increased in 3D spheroids 
than that of monolayer HCT116 colon cancer cells assayed by real-time RT-PCR (2.6- and 2.3-fold induction, respectively, *P < 
0.01).

Figure 4. Cell proliferation arrest. (a) Tumor cells of micropapillary component showing significant lower proliferation rate com-
pared to adjacent tumor cells of conventional glandular component assessed by Ki-67 (nuclear expression) (DAB, × 400). (b) 
Graphical quantitation of Ki-67 positive cells expressed as percent of total cells. Data are expressed as mean ± SD. *P < 0.001. 
(c) Cells in G0/G1 phase are significantly increased in 3D spheroids than that of monolayer HCT116 colon cancer cells. Data are 
expressed as mean ± SD. *P < 0.001.
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reported by Sakamoto et al in 2005 [29]. To date, the reported 
CRC with MCs accounts for 9-19% of all CRCs [4, 6, 30-32]. 
Similar to MPC in other organs, colorectal MPC has been as-
sociated with a higher stage, frequent lymphovascular inva-
sion, lymph node metastasis and distant metastasis, and poor 
clinical outcomes compared with conventional adenocarcino-
ma [30, 32]. The proportion of an MPC component needed for 
the diagnosis of MPC has not yet been decided, whereas spe-
cial variants of CRC such as mucinous adenocarcinoma or sig-
net ring cell carcinoma are designated such, if more than 50% 
of the lesion is composed of mucin or signet ring cells. Cur-
rently, most studies using micropapillary component involving 
2-5% of the tumor volume have demonstrated the aggressive 
biologic behavior, which is irrespective of the percentage of 
the MPC component [7, 30]. Therefore, recognition of MPC 
component is important as MPC appears to be an aggressive 
variant of CRC.

Although CRC with MPC pattern behaves aggressively 
even in TNM stage I and II, and has higher proportion of TP53 
mutations [6, 28], the mechanisms underlying this aggressive 
biologic behavior is still unclear. Histologically, MPC is char-
acterized by small clusters of cohesive neoplastic cells with-
out fibrovascular cores floating in empty spaces. The empty 
spaces are lined by fibrocollagenous stroma without vascular 
endothelial lining. Although it has been assumed that these 
empty spaces are retraction artifact resulting from tissue fixa-
tion and processing, a study has confirmed that they are real 
in vivo and are likely related to altered tumor-stromal inter-
actions but not an artifactual phenomenon [33]. The presence 
of empty spaces and absence of fibrovascular cores raise the 
question that how the MCs obtain nutrients in a hypoxic mi-
croenvironment and gain the aggressive biologic behavior. To 
sustain survival and continuous replication, cancer cells must 
reprogram their metabolism and nutrient acquisition to support 
their energy, synthesis and redox needs [34]. We have demon-
strated previously that hypoxic microenvironment exists in tu-
mor front and tumor budding cells in CRCs. Hypoxia-exposed 
cultured colon cancer cells show cell cycle arrest and low 
Ki-67 proliferation rate [14]. These data indicate that hypoxic 
microenvironment may contribute to the decreased prolifera-
tion rate of CRC tumor budding cells. Similarly, MPC showed 
lower proliferation rate (Ki-67) and the cultured 3D spheroids 
mimicking MPC in vitro showed cell cycle arrest as well. The 
lower proliferation rate and cell cycle arrest in G0/G1 status 
may facilitate MCs survival by reducing energy consumption 
in a hypoxic microenvironment.

Glycogen accumulation under hypoxic conditions has 
been observed in several cancer cell lines. Studies have sug-
gested a critical role of increased glycogen uptake through 
glucose transporter GLUT1 in promoting the survival of can-
cer cells [21, 22]. Furthermore, increased synthesis and break-
down of glycogen in cancer cells through regulation of gly-
cogen synthase and glycogen phosphorylase play important 
roles in cancer cell survival in a status of oxygen deprivation 
[23, 35]. Exposure of U87 glioblastoma, MCF-7 breast and 
HCT116 colon cancer cells to hypoxia-induced expression of 
two major glycogen metabolism enzymes, namely GYS1 and 
the liver isoform of glycogen phosphorylase PYGL, and loss 
of PYGL in these tumor cell lines resulted in tumor cell senes-

cence and cell death [23]. In our current study, we demonstrat-
ed significant increase of GLUT1 expression in both MPC and 
cultured 3D spheroids. We also identified that the expression 
of two fundamental glycogen metabolizing enzymes GYS1 
and PYGL was markedly increased in 3D spheroids. These 
data indicate that the reprogramming of glycogen metabolism 
in MPC provides a source of energy contributing to the tumor 
cell survival. Like other targeted therapies being developed, 
anticancer agents targeted on GLUT1 and glucose metabolism 
associated enzymes have demonstrated promising anticancer 
activities [36-38]. Targeting inhibition of these glycogen me-
tabolism enzymes might warrant consideration as possible an-
ticancer therapies in future studies for colorectal MPCs.

In conclusion, our results demonstrate that MPC and the 
cultured 3D spheroids showed upregulated GLUT1 expression 
and cell cycle arrest. Expressions of glycogen metabolizing 
enzymes GYS1 and PYGL were markedly increased in 3D 
spheroids as compared to monolayer HCT116 cells. The cul-
tured 3D spheroid formation may be used to study the biologic 
behavior, metabolic alteration and possible target therapy on 
MPC in vitro.
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