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1   |   INTRODUCTION

Invasive micropapillary carcinoma (IMPC) was first de-
scribed in breast cancer by Siriaunkgul and Tavasoli in 
1993.1 IMPC is characterized by a pseudopapillary ar-
rangement of morule-like tumour cell clusters with 

reverse polarity floating in the empty stromal space, 
considered an “inside-out” growth pattern.2 This aspect 
is confirmed by inverted immunohistochemical MUC1 
expression, lack of MUC2 staining, and loss of or al-
tered pattern of E-cadherin expression. Interestingly, tu-
mour cells express mesenchymal markers (vimentin) and 
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Abstract
The aim of this study was to evaluate the clinicopathological significance of auto-
crine motility factor receptor (AMFR) expression in a variety of human invasive 
micropapillary carcinomas (IMPC). AMFR expression was compared in 111 sam-
ples of a variety of human IMPCs which had intrinsic non-micropapillary compo-
nents and with 26 cases of control pulmonary adenocarcinoma (CPA, carcinoma 
without an IMPC component) by immunohistochemistry (IHC). In the 137 cases 
analysed, AMFR expression was significantly elevated in the IMPC components 
compared to the non-IMPC components (p = .005) and normal tissues (p < .001). 
AMFR expression was also higher in the IMPC samples compared to their intrin-
sic non-IMPC components (p = .0234). Between the 69 cases of lung IMPC and 
26 cases of CPA, AMFR expression was notably higher in the IMPC components 
than in the CPA components (p = .0455). However, there was no significant dif-
ference between the non-IMPC components in the lung and the CPA compo-
nents (p = .4584). Moreover, in breast cancer, elevated AMFR expression was not 
significantly correlated with mixed type or pure type IMPC (p = .5969) or with 
age, gender, T stage, or lymph node metastasis (LNM). Between IMPC and CPA 
of the lung, there was no statistical significance in age, T stage, and LNM, where 
AMFR expression was higher in IMPC (p = .0071). Thus this study demonstrated 
that AMFR was overexpressed in a variety of human IMPC components com-
pared with non-micropapillary components. This suggests that AMFR expression 
is a potential new prognostic indicator for different types of human IMPC, which 
might thus be a new therapeutic target.
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nuclear localization of SMAD4, which suggests epithelial-
mesenchymal-transition.3–5 Despite the low incidence of 
IMPC, it shows a high propensity for lymphovascular in-
vasion (LVI) and lymph node metastasis (LNM) compared 
with invasive ductal carcinoma (IDC).6,7 To date, IMPC 
has been reported in the breast,1 lung,8 urinary bladder,9 
colo-rectum,10 stomach,11 pancreas,12 salivary gland,13 
thyroid,14 uterine cervix,15 and kidney.16

Using bioinformatics methods, we analysed specific 
IMPC gene expression signatures (GSE66418) in the Gene 
Expression database (http://www.ncbi.nlm.nih.gov/geo/, 
Gene Expression Omnibus, GEO), to determine the gene 
expression profile differences between IMPC and invasive 
ductal carcinoma of the breast. We found that autocrine 
motility factor receptor (AMFR) was one of the genes sig-
nificantly increased in IMPC.

Since the mid-1980s, multiple groups have linked the 
expression of autocrine motility factor/phosphoglucose 
isomerase (AMF/PGI) and its receptor, AMFR, to increase 
metastasis and poor prognosis in cancer patients.17 AMFR 
is an internalizing cell surface receptor that also exhibits 
ubiquitin E3 ligase activity in the endoplasmic reticu-
lum.17 Stimulation of AMFR by its ligand AMF/PGI alters 
cellular adhesion, proliferation, motility, and apoptosis.17 
In human cancers, AMFR expression correlates with ag-
gressive cancer biology and a worse outcome for cancers 
of the lung, tongue, oesophagus, stomach, colon, rectum, 
liver, breast, thymus, skin, odontogenic tumours, and 
clear cell-renal cell carcinoma.17–19 Notably, in bladder, 
colorectal, gastric, skin, oesophageal, and human prostate 
cancer, AMFR is either absent or expressed at significantly 
lower levels in adjacent normal tissues.17,20

To evaluate the clinicopathological significance of 
AMFR expression in human IMPC, we analysed 111 cases 
of IMPC, including 69 cases of lung, 33 cases of breast, 5 
cases of urinary tract, and 1 case each of gastric, rectal, pan-
creatic and cervical IMPC. We compared the expression of 

AMFR in the IMPC components with the its expression 
in the intrinsic non-micropapillary components from the 
same case via immunohistochemistry (IHC).

2   |   MATERIALS AND METHODS

2.1  |  Patients and tissues

IMPC was defined as adenocarcinoma with a micropapil-
lary component in which the area of the micropapillary 
histological subtype exceeded 5% of the tumour. One 
block of each tumour was examined.

We analysed 111 cases of IMPC from the Qilu Hospital 
of Shandong University, China between 2013 and 2015. 
As shown in Table 1, there were 69 cases of lung IMPC 
(35 females and 34 males with an average age of 55 years 
old) and 40 of these cases had LNM. The lung IMPC 
were mixed with other adenocarcinoma components. We 
also collected 26 cases of CPA without IMPC. This sam-
ple included 19 females and 7 males with average age of 
59.7 years old, and 13 of the cases had LNM. Most of the 26 
cases of CPA were mixed type adenocarcinoma, except 1 
case of fetal type adenocarcinoma. The predominant com-
ponents included 16 cases of acinar, 4 cases of papillary, 3 
cases of lepidic, and 2 cases of solid adenocarcinoma. We 
analysed breast IMPC (n = 33, 24 cases of mixed type and 
9 cases of pure type) from females with an average age of 
48 years old; 23 of the cases had LNM (9 pure type cases, 
all had metastasis). We also collected other rare cases in-
cluding urinary tract (n = 5, 3 cases of mixed type and 2 
cases of pure type), gastric (n =  1), rectus (n =  1), pan-
creas (n = 1), and cervix (n = 1) cancers, and the latter 4 
cases were all mixed type of IMPC. 4 of the rare cases had 
LNM. We compared the expression of AMFR in the IMPC 
components with the intrinsic non-micropapillary com-
ponents, as well as with the CPA cases, via IHC. We also 

T A B L E  1   Clinicopathological features of the research cases

Case Num.
Average age 
(year)

Gender LN

Female Male M Non-M

Pulmonary IMPC 69 55 35 34 43 26

CPA 26 59.7 19 7 13 13

Breast IMPC (mixed type) 24 48.3 24 0 17 7

IMPC (pure type) 9 47.3 9 0 9 0

Urothelial IMPC (mixed type) 3 64.3 0 3 1 2

IMPC (pure type) 2 67 0 2 1

GI IMPC 2 55.5 0 2 2 0

Cervix IMPC 1 72 1 0

Pancreas IMPC 1 69 0 1 1

http://www.ncbi.nlm.nih.gov/geo/
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analysed the correlation between the clinicopathologic 
features of IMPC with AMFR expression.

This study was approved by the Ethics Committee of 
the Qilu Hospital of Shandong University. Informed con-
sent to use patient tissues for the study and to reveal medi-
cal history for publication was obtained before submitting 
this manuscript.

2.2  |  IHC

IHC was performed using  an antibody against AMFR 
(1:800, Abcam, London, UK, ab76841) on paraffin-
embedded tissue sections. Sections were subjected to 
antigen retrieval for 4 minutes under high pressure in cit-
ric acid buffer (pH =  6.0). The slides were evaluated by 
two experienced pathologists. Phosphate-buffered saline 
(PBS) served as a negative control. For each sample, we 
observed the whole slide to distinguish IMPC and other 
adenocarcinoma components. Staining intensity was 
scored as follows: 0 = negative, 1 = weak, 2 = moderate, 
and 3  =  strong. The positive ratio per tumour area was 
defined as (0: 0%, 1: 1%–10%, 2: 11%–20%, 3: 21%–30%, 4: 
31%–40%, 5: 41%–50%, 6: 51%–60%, 7: 61%–70%, 8: 71%–
80%, 9: 81%–90%, 10: 91%–100%). The positive cell score 
multiplied by the intensity score was considered the final 
score, which ranged from 0 to 30. We used receiver op-
erator characteristic (ROC) curves to demonstrate the cut-
off point for AMFR low expression and high expression 
to distinguish IMPC and non-IMPC components, where 
specificity plus sensitivity obtained the maximum value.

2.3  |  Statistical analysis

SPSS software (Version 15.0) and GraphPad Prism 6 
(GraphPad Software, Inc., San Diego, CA, USA) were used 
for statistical analysis. Two-tailed Student's t test was used 
to evaluate the final score between different groups. Two-
tailed Chi-square test was used to compare the correlation 
of clinicopathologic parameters with AMFR expression.

3   |   RESULTS

3.1  |  AMFR expression in a variety of 
IMPCs

IHC results showed that AMFR protein staining was de-
tected primarily in the cytoplasm in 111 samples of IMPC 
and 26 samples of CPA paraffin-embedded tissues. ROC 
curves confirmed that AMFR expression could clearly sep-
arate the IMPC and non-IMPC components, with a cut-off 

score of 19 and an area under the curve (AUC) of 0.601 
(Figure 1A, p = .008). AMFR expression was elevated in 
IMPC compared to the intrinsic non-IMPC components 
in lung (Figure  1B,C), breast (Figure  1F,G), urothelial 
(Figure 1H,I), gastric (Figure 1J,K), and rectum samples 
(Figure 1L,M). There was no difference in expression in 
the pancreas (Figure 1N,O) and it was lower in the cervix 
samples (Figure 1P,Q). Interestingly, hyperexpression of 
AMFR was also observed in IMPC with tumour emboli 
in the lymph-vessels (Figure 1D). AMFR expression was 
elevated in the IMPC and non-IMPC carcinoma compo-
nents, compared to the normal alveoli in lung samples 
(Figure 1E).

3.2  |  Quantitative analysis of AMFR 
expression in different components

As shown in Figure 2A, AMFR expression was significantly 
elevated in the IMPC samples compared to the non-IMPC 
samples of all 137 cases (p =  .005). AMFR was elevated 
in the IMPC and non-IMPC lung carcinoma components 
compared to the normal alveoli (p < .0001). AMFR expres-
sion was also higher in the IMPC samples than in the in-
trinsic non-IMPC components (p = .0234) in the 111 cases 
of IMPC. (Figure 2B) Between the 69 cases of lung IMPC 
and 26 cases of CPA, AMFR expression was much higher 
in the IMPC components than in the CPA components 
(p = .0455) (Figure 2C), but no significant difference was 
found between the non-IMPC components in the lung and 
the CPA components (p = .4584) (Figure 2D). Moreover, 
elevated AMFR expression was not significantly corre-
lated with the mixed type (n = 100) or pure type (n = 11) 
IMPC (p = .5969) (Figure 2E). AMFR expression was also 
not significantly correlated with lymph node status, me-
tastasis or non-metastasis (p = .9243) (Figure 2F, Table 2).

3.3  |  The correlation of clinicopathologic 
features with AMFR expression in IMPC

We analysed the correlation between the clinicopatho-
logic features of IMPC with AMFR expression, results 
are shown in Table  2. In the 111 cases of IMPC, high 
AMFR expression was not correlated with patient age, 
gender, T stage, or LNM. Based on the histologic fea-
tures of lung adenocarcinoma in the 69 cases of lung 
IMPC, high AMFR expression was not correlated with 
the location of IMPC, including alveolar or acinus, the 
mesenchyme, or in both sites (p = .2768). We also con-
cluded that the location of IMPC was not correlated 
with LNM. In lung adenocarcinoma, some cases exhib-
ited mucinous production, which is one of the features 
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of adenocarcinoma, but this was not correlated with 
AMFR expression (p = .942).

3.4  |  The clinicopathologic features of 
lung IMPC and CPA

Between IMPC and CPA in the lung (Table 3), there was no 
significant difference in age, T stage, and LNM. However, 
AMFR expression was much higher in the IMPC compo-
nents than in the CPA components (p = .0071). In IMPC 
patients, there was no gender difference, however the 
CPA patients were predominantly female (p = .0499).

3.5  |  The clinicopathologic features of 
mixed and pure type breast IMPC

In the breast samples, there was no significant differ-
ence in age, gender, T stage, LNM, or AMFR expression 
between the mixed type and pure type IMPC (Table  4). 
In the pure type IMPC, all patients had LNM, which was 
meaningful and required further sample validation. It 
is interesting to note that the nuclear grade IMPC com-
ponents were correlated almost the same with the non-
IMPC components in the mixed type breast IMPC. In 
the 24 cases of mixed type IMPC, there were 5 cases of 
nuclear grade 3 and 19 cases of grade 2 in the IMPC and 

F I G U R E  1   AMFR expression in a variety of IMPCs. (A) ROC curves confirmed that AMFR expression clearly separated IMPC and non-
IMPC components, with a cut-off score of 19 based on IHC and an area under the curve (AUC) of 0.601, p = .008. (B–Q) AMFR expression 
was mainly elevated in IMPC compared to the intrinsic non-micropapillary components and alveoli in lung (B, C, E), breast (F, G), 
urothelial (H, I), gastric (J, K), and rectum (L, M). Expression was the same in pancreas (N, O) and lower in cervix (P, Q). Hyperexpression 
of AMFR was also observed in IMPC with tumour emboli in the lymph-vessels (D).
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non-IMPC components respectively. Nuclear grade was 
diagnosed according to the semi-quantitative method for 
assessing histological grade in breast tumours described 

F I G U R E  2   Quantitative analysis of AMFR expression in different components. (A) AMFR expression was significantly elevated in 
IMPC compared to non-IMPC components and normal tissues (N = 137). (B) AMFR expression was also higher in the IMPC than in the 
intrinsic non-IMPC. (C) AMFR expression was significantly higher in IMPC compared to CPA (lung IMPC = 69 cases, CPA = 26 cases). (D) 
There was no significant difference between non-IMPC components in the lung and CPA components. (E) Elevated AMFR expression was 
not significantly correlated with mixed type or pure type breast IMPC. (F) Elevated AMFR expression was not significantly correlated with 
LNM.

T A B L E  2   The correlation of clinicopathologic features with 
AMFR expression in the IMPC

AMFR 
high

AMFR 
low p value

Age .8301

<50 8 27

≥50 16 60

Gender .9176

Male 11 32

Female 13 36

T stage .488

T1 14 40

≥T2 10 44

LN .9712

M 16 57

Non-M 8 28

Pulmonary IMPC 
location

.2768

Alveolar or acinus 11 41

Mesenchyme 2 8

Both sites 3 3

Mucinous producing in 
pulmonary IMPC

.942

+ 4 6

− 12 19

T A B L E  3   The clinicopathologic features of pulmonary IMPC 
and CPA

IMPC CPA p value

Age .3211

<50 14 3

≥50 55 23

Gender .0499

Male 34 7

Female 35 19

Mucinous producing .7087

+ 10 3

− 59 23

T stage .1247

T1 39 17

≥T2 27 5

LN .2765

Metastasis 43 13

Non-metastasis 26 13

AMFR expression .0378

High 16 1

Low 53 23
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in the WHO classification of the breast. The scores for 
nuclear atypia (1–3, where 1 represents mild atypia and 
3 represents severe atypia) and mitotic count score (1–3, 
where 1 represents lower proliferative activity and 3 rep-
resents higher) were added. A sum of 2–3 represented nu-
clear grade 1, 4 represented grade 2, and 5–6 represented 
grade 3.

4   |   DISCUSSION

Most cases of IMPC typically result in a poor prognosis 
with a greater risk of nodal metastases in comparison with 
corresponding conventional carcinoma.1,8–16 However, in 
the ovary, micropapillary carcinoma has been placed in 
the category of low-grade serous carcinoma.21 The micro-
papillary variant of mucinous breast cancer has been as-
sociated with a poorer prognosis and a greater occurrence 
of Her2 overexpression compared with pure mucinous 
cancer,22,23 but it exhibits more favourable histological 
features and survival than IMPC.23,24 A recent retrospec-
tive study25 examined the prognostic difference between 
IMPC and IDC. The authors analysed 327 cases of IMPC 
and 4979 IDC cases that underwent primary resection in 
their institution between 2008 and 2012. Survival analy-
sis demonstrated no statistically significant difference 
between IMPC and IDC, indicating that proactive or 
radical clinical therapy is unnecessary. In the 24 cases of 
mixed type breast IMPC in the current study, we found 
that the nuclear grade IMPC components were almost 
identical to the non-IMPC components, indicating the 

two components share the same origin. A recent meta-
analysis of seven studies showed that the presence of a 
micropapillary component at radical cystectomy (RC) 
was not associated with worse recurrence-free, cancer-
specific, or overall survival compared with patients with 
pure urothelial carcinoma (UC).26 This issue is problem-
atic because many clinicians advise early cystectomy for 
this disease, even in the absence of invasion into the mus-
cularis propria.27

In colorectal cancer, clinical presentation of micropap-
illary adenocarcinoma (MPA) is more frequent in patients 
between the ages of 53 and 72,28 while it is rare in young 
patients.29 In the 111 cases of IMPC, the average age was 
53.7 years old, which is consistent with the literature.

IMPC is different from papillary carcinoma as it 
has no fibrovascular core and is thus considered essen-
tially hypovascular. MPCs are known to upregulate the 
glucose transporter 1 (GLUT1) via the activation of a 
transcription factor, hypoxia-inducible factor (HIF)-1.30 
IMPC may be associated with the upregulation of sev-
eral nutrient transporters, ASCT1, ASCT2, GLUT1, and 
GLUT2, which can contribute to malignant potential 
by supporting the survival of cancer cells.30 MUC21D 
high expressors have a significantly higher proportion 
of micropapillary elements and a high incidence of lym-
phatic channel invasion, lymph node metastasis, and re-
currence rates.31 EGFR mutations are frequent in lung 
adenocarcinoma with a micropapillary component (PA-
MPC).32 Molecular Genotype MPA in colorectal cancer 
shows frequent TP53, KRAS, and BRAF-V600E muta-
tions, which develop via classical chromosomal instabil-
ity (CIN pattern) and infrequently via MSI.5,28 However, 
whether faulty molecular expression and/or clinicopath-
ological features may lead to poorer prognosis of IMPC 
remains controversial.

Previously, we found via bioinformatics methods 
using the Gene Expression Omnibus (GEO) database that 
the expression of AMFR is significantly increased in BC 
IMPC. AMFR was originally named gp78 after a glycopro-
tein of 78 kDa purified from metastatic B16-F1 melanoma 
cells.33,34 It was subsequently identified as the receptor for 
AMF/PGI and named AMFR.35,36 In the literature, the re-
ceptor is referred to as both gp78 and AMFR.

AMFR, like its ligand, has multiple roles dictated by 
its cellular localization. At the cell surface, AMFR is a cy-
tokine receptor that stimulates cell motility upon AMF/
PGI activation. It is also localized to an intracellular 
mitochondria-associated smooth ER domain where it 
functions as an E3 ubiquitin ligase. AMFR function, as 
both cytokine receptor and ubiquitin ligase, is linked to 
metastasis development and increased invasiveness.37

T A B L E  4   The clinicopathologic features of breast IMPC

Mixed type Pure type p value

Age .6626

<50 14 6

≥50 10 3

Gender 1

Male 0 0

Female 24 9

T stage .2006

T1 10 6

≥T2 14 3

LN .068

Metastasis 17 9

Non-metastasis 7 0

AMFR expression .7125

High 4 2

Low 20 7
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We demonstrated that AMFR expression was signifi-
cantly elevated in IMPC compared to intrinsic non-IMPC 
components. In the lung, AMFR expression was much 
higher in IMPC than in CPA, where no significant differ-
ence was observed between the non-IMPC components 
and the CPA components. The high expression of AMFR 
in IMPC further confirms that IMPC is prone to metasta-
sis. However, high AMFR expression was not verified to be 
corelated with LNM in our cases. More cases are needed to 
confirm these results.

Nakamori et al.38 found that the overall 5-year survival 
of patients with AMFR over-expressing colorectal can-
cers was significantly shorter than in patients that did not 
over-express AMFR. They did not specifically evaluate the 
prognostic significance of colon and rectal cancer AMFR 
expression separately. Recent tissue microarray analysis 
(TMA) of separate cohorts of colon and rectal cancers un-
expectedly showed that AMFR expression was associated 
with improved patient survival in colon cancer, but with 
a worse prognosis in rectal cancer39 The reason behind 
the difference in clinical significance of AMFR expression 
for these 2 different lower gastrointestinal cancer types 
remains unknown. The result may have been due to the 
small patient population and short duration of clinical fol-
low-up. Future study in a larger colon and rectal cancer 
patient population with a longer post-treatment follow-up 
is necessary.39 Interestingly, an AMFR knockout mouse 
developed spontaneous liver and colon cancers, suggest-
ing that AMFR may play a tumour suppressor role in these 
cancer types.40

In our study cohort, AMFR expression was mainly 
elevated in IMPC compared to the intrinsic non-
micropapillary components in lung, breast, urothelial, 
gastric, and rectal cancers. However, expression was 
the same in cancers of the pancreas and lower cervix. 
There were only 9 cases of urothelial, gastric, rectal, 
pancreatic, and cervical IMPC in total. Therefore, 
more cases are needed to confirm AMFR expression in 
these organs. The overexpression of AMFR in IMPC 
further indicates that IMPC is invasive and prone to 
metastasis.

A monoclonal antibody (mAB) called 3F3A has been 
used to study gp78/AMFR distribution and its role in cell 
motility.35 The 3F3A mAB was also shown to recognize 
only a subset of total cellular AMFR.41 This antibody com-
petes with AMF for AMFR binding.35,42 It is important to 
recognize that reports of AMFR upregulation in cancer 
using 3F3A staining may not necessarily reflect increased 
total AMFR expression, but rather selective upregulation 
of an active form of the receptor. This may further compli-
cate comparisons of AMFR mRNA expression in studies 
using the 3F3A mAB.17 Further investigation into 3F3A 

immunostaining and comparison with the AMFR results 
is needed.

The molecular and physiologic properties of AMFR 
identify it as an attractive therapeutic target compared 
with other cell surface tumour markers, and its role in 
metastasis and tumorigenicity makes it a promising func-
tional target. Furthermore, its potential as a molecular tar-
get for therapy is enhanced by studies that have reported 
that AMFR is expressed by tumour cells but has minimal 
or no expression in adjacent normal tissues of the lung, 
oesophagus, stomach, colon, skin, bladder, and liver. The 
ligand of AMFR also offers an advantage as a potential 
carrier protein in the construction of chemotoxins. The 
development of anticancer agents that target AMFR, and 
the use of AMF as a vehicle for the delivery of chemotox-
ins, may represent novel future treatments for individuals 
who are diagnosed with cancer.17

Li et al.43 found that POLE mutation is a vital fac-
tor in endometrial cancer patients, leading to a higher 
expression of AMF/PGI and AMFR/gp78. These results 
suggest that comprehensive consideration of POLE mu-
tations and expression of AMF/PGI and AMFR/gp78 
may provide a more feasible and effective approach for 
the treatment of endometrial cancer and may improve 
prognosis.

Liver-specific gp78/AMFR genetic ablation resulted in 
functional protein stabilization of several hepatic P450s 
and consequently enhanced drug and prodrug metabo-
lism, a feature that could be therapeutically exploited in 
the bioactivation of chemotherapeutic prodrugs through 
design and development of novel short-term gp78/AMFR 
chemical inhibitors.44 GP78 stimulates ERK activation via 
DUSP1 degradation to mediate EGFR-dependent cancer 
cell proliferation and invasion.45

5   |   CONCLUSION

IMPC has been shown to be metastatic and invasive. Our 
study found that AMFR was upregulated in a variety of 
human IMPCs compared with their non-micropapillary 
components, suggesting a potential new prognostic indi-
cator or therapeutic target for human IMPC.

ACKNO​WLE​DGE​MENTS
We thank the technicians in Pathology Department Qilu 
Hospital for preparing the slides. We thank Dr. Wenjie Zhu 
and Guohao Zhang for the collecting of the tissue section 
files. This work has been supported by National Nature 
Science Foundation of China (Grant No.81802914), and 
Special Fund for Breast Research of Shandong Medical 
Association (No.YXH2020ZX063).



50  |      XU et al.

FUNDING INFORMATION
Two funds have supported the study. National Nature 
Science Foundation of China (Grant No.81802914), and 
Special Fund for Breast Research of Shandong Medical 
Association(No.YXH2020ZX063).

CONFLICT OF INTEREST
The authors declared no conflicts of interests.

ORCID
Hui Zhang   https://orcid.org/0000-0002-4730-0444 

REFERENCES
	 1.	 Siriaunkgul S, Tavassoli FA. Invasive micropapillary carcinoma 

of the breast. Mod Pathol. 1993;6(6):660-662.
	 2.	 Middleton LP, Tressera F, Sobel ME, et al. Infltrating micropap-

illary carcinoma of the breast. Mod Pathol. 1999;12(5):499-504.
	 3.	 Jakubowska K, Guzińska-Ustymowicz K, Pryczynicz A. Invasive 

micropapillary component and its clinico-histopathological 
significance in patients with colorectal cancer. Oncol Lett. 
2016;12(2):1154-1158.

	 4.	 Barresi V, Branca G, Vitarelli E, Tuccari G. Micropapillary 
pattern and poorly differentiated clusters represent the same 
biological phenomenon in colorectal cancer: a proposal for a 
change in terminology. Am J Clin Pathol. 2014;142(3):375-383.

	 5.	 Naoto K, Kazuhisa O, Masahiko O, et al. Invasive micropapil-
lary carcinoma of the colon: an immunohistochemical study. 
Med Mol Morphol. 2007;40(4):226-230.

	 6.	 Paterakos M, Watkin WG, Edgerton SM, Moore DH2nd, Thor 
AD. Invasive micropapillary carcinoma of the breast: a prog-
nostic study. Hum Pathol. 1999;30(12):1459-1463.

	 7.	 Kuroda H, Sakamoto G, Ohnisi K, Itoyama S. Clinical and 
pathologic features of invasive micropapillary carcinoma. 
Breast Cancer. 2008;11(2):169-174.

	 8.	 Amin MB, Tamboli P, Merchant SH, et al. Micropapillary com-
ponent in lung adenocarcinoma: a distinctive histologic fea-
ture with possible prognostic significance. Am J Surg Pathol. 
2002;26(3):358-364.

	 9.	 Amin MB, Ro JY, el-Sharkawy T, et al. Micropapillary variant 
of transitional cell carcinoma of the urinary bladder. Histologic 
pattern resembling ovarian papillary serous carcinoma. Am J 
Surg Pathol. 1994;18(12):1224-1232.

	10.	 Sakamoto K, Watanabe M, De La Cruz C, et al. Primary inva-
sive micropapillary carcinoma of the colon. Histopathology. 
2005;47(5):479-484.

	11.	 Mikihiro K, Jun H, Mayumi K, et al. Gastrectomy for in-
vasive micropapillary carcinoma is associated with poorer 
disease-free and disease-specifc survival. Int J Clin Oncol. 
2019;24(12):1565-1573.

	12.	 Ai K, Michiyo O, Taku T, et al. A case of pancreatic cancer 
with clusters of invasive micropapillary carcinoma markedly 
reduced by chemotherapy. Nihon Shokakibyo Gakkai Zasshi. 
2019;116(5):419-427.

	13.	 Nagao T, Gaffey TA, Visscher DW, et al. Invasive micropapillary 
salivary duct carcinoma: a distinct histologic variant with bio-
logic significance. Am J Surg Pathol. 2004;28(3):319-326.

	14.	 Andrey B. Micropapillary thyroid carcinoma versus papil-
lary thyroid microcarcinoma—what is in the name?Am Surg. 
2019;85(3):e185-e186.

	15.	 Alvarado-Cabrero I, McCluggage WG, Estevez-Castro R, et al. 
Micropapillary cervical adenocarcinoma: a clinicopathologic 
study of 44 cases. Am J Surg Pathol. 2019;43(6):802-809.

	16.	 Zhou-Yi X, Jing-Ping W, Yu Z, et al. Xp11.2 translocation/
TFE3 gene fusion renal cell carcinoma with a micropapillary 
pattern: cases report and literature review. Am J Transl Res. 
2019;11(1):327-339.

	17.	 Connie GC, Pascal SP, Nabi IR, et al. Autocrine motility fac-
tor receptor: a clinical review. Expert Rev Anticancer Ther. 
2008;8(2):207-217.

	18.	 Grewal HK, Sethi S. Immunohistochemical expression of type 
IV collagen and autocrine motility factor receptor in odonto-
genic tumours. J Clin Diagn Res. 2014;8(10):ZC17-21.

	19.	 Lucarelli G, Rutigliano M, Sanguedolce F, et al. Increased ex-
pression of the autocrine motility factor is associated with 
poor prognosis in patients with clear cell-renal cell carcinoma. 
Medicine (Baltimore). 2015;94(46):e2117.

	20.	 Shang Y, Zhu Z. Gp78 is specifically expressed in human pros-
tate cancer rather than normal prostate tissue. J Mol Histol. 
2013;44(6):653-659.

	21.	 Smith Sehdev AE, Sehdev PS, Kurman RJ. Noninvasive and 
invasive micropapillary (low-grade) serous carcinoma of the 
ovary: a clinicopathologic analysis of 135 cases. Am J Surg 
Pathol. 2003;27(6):725-736.

	22.	 Barbashina V, Corben AD, Akram M, Vallejo C, Tan LK. 
Mucinous micropapillary carcinoma of the breast: an aggres-
sive counterpart to conventional pure mucinous tumors. Hum 
Pathol. 2013;44(8):1577-1585.

	23.	 Fangfang L, Mu Y, Zhenhua L, et al. Invasive micropapillary 
mucinous carcinoma of the breast is associated with poor prog-
nosis. Breast Cancer Res Treat. 2015;151(2):443-451.

	24.	 Hyun-Jung K, Kyeongmee P, Jung YK, et al. Prognostic signifi-
cance of a micropapillary pattern in pure mucinous carcinoma 
of the breast: comparative analysis with micropapillary carci-
noma. J Pathol Transl Med. 2017;51(4):403-409.

	25.	 Shuang H, Yuan-Yuan Z, Jin-Juan P, et al. Invasive micropapil-
lary carcinoma of the breast had no diference in prognosis com-
pared with invasive ductal carcinoma: a propensitymatched 
analysis. Sci Rep. 2019;9(1):286.

	26.	 Mohammad A, Beat F, Eva S, et al. Micropapillary urothe-
lial carcinoma of the bladder: a systematic review and meta-
analysis of disease characteristics and treatment outcomes. Eur 
Urol. 2019;75(4):649-658.

	27.	 Roland S, Hussam Al DA, Nicholas E, et al. Impact of molec-
ular subtypes in muscle-invasive bladder cancer on predicting 
response and survival after neoadjuvant chemotherapy. Eur 
Urol. 2017;72(4):544-554.

	28.	 Patankar M, Vayrynen S, Tuomisto A, et al. Micropapillary 
structures in colorectal cancer: an anoikis-resistant subpopula-
tion. Anticancer Res. 2018;38(5):2915-2921.

	29.	 Otsubo K, Kubo N, Nakashima N, Izumi M, Nakamori M, Koto 
H. A juvenile case of pulmonary lymphangitic carcinomatosis 
caused by sigmoid colon cancer with a component of micro-
papillary carcinoma. Intern Med. 2011;50(20):2361-2365.

	30.	 Kanae N, Karen M, Tomohiko S, et al. Upregulation of glu-
cose and amino acid transporters in micropapillary carcinoma. 
Histol Histopathol. 2019;34(9):1009-1014.

	31.	 Mai M, Koji O, Yu N, et al. Specific expression of MUC21 in mi-
cropapillary elements of lung adenocarcinomas—implications 
for the progression of EGFR-mutated lung adenocarcinomas. 
PLoS One. 2019;14(4):e0215237.

https://orcid.org/0000-0002-4730-0444
https://orcid.org/0000-0002-4730-0444


      |  51XU et al.

	32.	 Jing Z, Jian S, Zhiwen Z, et al. Driver mutation profiles and clin-
icopathological correlation in pulmonary adenocarcinoma with 
a micropapillary component. Hum Pathol. 2019;85:242-250.

	33.	 Nabi IR, Raz A. Cell shape modulation alters glycosylation 
of a metastatic melanoma cell-surface antigen. Int J Cancer. 
1987;40(3):396-402.

	34.	 Nabi IR, Raz A. Loss of metastatic responsiveness to cell shape 
modulation in a newly characterized B16 melanoma adhesive 
cell variant. Cancer Res. 1988;48(5):1258-1264.

	35.	 Nabi IR, Watanabe H, Raz A. Identification of B16-F1 mel-
anoma autocrine motility-like factor receptor. Cancer Res. 
1990;50(2):409-414.

	36.	 Silletti S, Watanabe H, Hogan V, et al. Purification of B16-F1 
melanoma autocrine motility factor and its receptor. Cancer 
Res. 1991;51(13):3507-3511.

	37.	 Maria F, Pascal SP, Ivan RN. The complex biology of autocrine 
motility factor/phosphoglucose isomerase (AMF/PGI) and 
its receptor, the gp78/AMFR E3 ubiquitin ligase. Mol Biosyst. 
2009;5(8):793-801.

	38.	 Nakamori S, Watanabe M, Kameyama M, et al. Expression of 
autocrine motility factor receptor in colorectal cancer as a pre-
dictor for disease recurrence. Cancer. 1994;74(4):1855-1862.

	39.	 Halwani Y, Kojic LD, Chan SK, et al. Prognostic significance of 
autocrine motility factor receptor expression by colorectal can-
cer and lymph node metastases. Am J Surg. 2015;209(5):884-889.

	40.	 Zhang T, Kho DH, Wang Y, et al. Gp78, an E3 ubiquitin ligase 
acts as a gatekeeper suppressing nonalcoholic steatohepatitis 
(NASH) and liver cancer. PLoS One. 2015;10(3):e0118448.

	41.	 Goetz JG, Genty H, St-Pierre P, et al. Reversible interactions 
between smooth domains of the endoplasmic reticulum and 

mitochondria are regulated by physiological cytosolic Ca2+ lev-
els. J Cell Sci. 2007;120(Pt 20):3553-3564.

	42.	 Kojic LD, Joshi B, Lajoie P, et al. Raft-dependent endocy-
tosis of autocrine motility factor is phosphatidylinositol 
3-kinase-dependent in breast carcinoma cells. J Biol Chem. 
2007;282(40):29305-29313.

	43.	 Li Y, Bian Y, Wang K, Wan XP. POLE mutations improve the 
prognosis of endometrial cancer via regulating cellular me-
tabolism through AMF/AMFR signal transduction. BMC Med 
Genet. 2019;20(1):202.

	44.	 Kwon D, Kim SM, Jacob P, Liu YIII, Correia MA. Induction via 
functional protein stabilization of hepatic cytochromes P450 
upon gp78/autocrine motility factor receptor (AMFR) ubiqui-
tin E3-ligase genetic ablation in mice: therapeutic and toxico-
logical relevance. Mol Pharmacol. 2019;96(5):641-654.

	45.	 Kho DH, Uddin MH, Chatterjee M, et al. GP78 cooperates with 
dual-specificity phosphatase 1 to stimulate epidermal growth 
factor receptor-mediated extracellular signal-regulated kinase 
signaling. Mol Cell Biol. 2019;39(11):e00485-18.

How to cite this article: Xu J, Ma H, Wang Q, 
Zhang H. Expression of autocrine motility factor 
receptor (AMFR) in human breast and lung 
invasive micropapillary carcinomas. Int J Exp Path. 
2023;104:43-51. doi: 10.1111/iep.12462

https://doi.org/10.1111/iep.12462

	Expression of autocrine motility factor receptor (AMFR) in human breast and lung invasive micropapillary carcinomas
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Patients and tissues
	2.2|IHC
	2.3|Statistical analysis

	3|RESULTS
	3.1|AMFR expression in a variety of IMPCs
	3.2|Quantitative analysis of AMFR expression in different components
	3.3|The correlation of clinicopathologic features with AMFR expression in IMPC
	3.4|The clinicopathologic features of lung IMPC and CPA
	3.5|The clinicopathologic features of mixed and pure type breast IMPC

	4|DISCUSSION
	5|CONCLUSION
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	REFERENCES


