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Abstract
Background: The links between brain metastases of lung cancer and human cytomegalovirus (HCMV)
infection have been controversial for a long time. This study aims to explore the links between brain
metastases of lung cancer and HCMV infection from the perspective of expression and detection of
HCMV immediate early gene (IE), guanine nucleotide-binding protein 4 (GBP4), CXC chemokine receptor 4
(CXCR4), thyroid transcription factor 1 (TTF1) and epidermal growth factor receptor (EGFR) proteins.

Methods: We collected brain metastases specimens and lung primary tumor specimens of a series of
patients that have not undergone any treatment. Conventional hematoxylin and eosin staining and
immunohistochemical staining of target molecules was performed. We used the ImageJ software to
process the average optical density value of immune complexes and GraphPad Prism 8.0.1 to perform
image analysis, and the SPSS 22.0 statistics package (t test) to analyze the expression differences of
target molecules.

Results: Based on �ve cases of brain metastases and two cases of lung primary tumors, a total of seven
samples were investigated. Conventional pathology diagnosis reported four cases of brain metastases of
lung adenocarcinoma and one case of brain metastases of mixed small cell lung cancer with
adenocarcinoma. Among the 19 molecular immunopathological test samples, only GBP4, related to
HCMV infection, and TTF1, related to metastases, were highly expressed in all seven samples.  A
comparison of the AOD values of the primary lung cancer to the AOD values of brain metastases, yielded
statistically signi�cant differences as follows: in Case No.1, GBP4 (p=0.016), EGRF (p<0.001); in Case No.
2, IE (p<0.001), CXCR4 (p=0.005), EGFR (p=0.023), TTF1 (p=0.004).

Conclusions: Although TTF1 is known to be a kinesin for brain metastases of lung cancer cells and it is
associated with poor survival prognosis, the role of GBP4, which is closely related to HCMV infection and
a key protein of brain metastases of lung cancer, remains unknown.

The �ndings provide new knowledge into the role of GBP4 and could provide clues for devising novel
strategies for target molecular therapy research in brain metastases of lung cancer in the context of
HCMV infection.

Background
About 10%-20% of cancers metastasize to the brain, with the 2-year and 5-year survival rates after the
initial diagnosis of the primary cancer being 8.1% and 2.4%, respectively [1]. These low survival rates are
mainly attributed to the limited effectiveness of conventional surgery, radiotherapy and chemotherapy.
More recently, targeted therapy has become a new option to improve the prognosis of patients with brain
metastases of lung cancer. Although still preliminary, the optimization of more critical target molecules
has become a hot research topic and a promising new therapeutic avenue for these patients. Key
molecules expressed in brain metastases of lung cancer include thyroid transcription factor 1 (TTF1) and
epidermal growth factor receptor (EGFR) [2]. When infection with human cytomegalovirus and brain
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metastases of lung cancer co-occur, the complexity of the condition increases dramatically. To the best of
our knowledge, this is the �rst study investigating the association between HCMV and brain metastases
of lung cancer. Previous research had focused on the study of HCMV in brain metastases of breast
cancer and colorectal cancer [3]. Prior studies on HCMV carcinogenesis mainly included the HCMV
immediate early gene (IE) [4], CXC chemokine receptor 4 (CXCR4) [5], and the guanine nucleotide-binding
protein 4 (GBP4) [6] encoded by antiviral interferon. However, the role of these three genes in brain
metastases of lung cancer is poorly understood, and has not been described in the TCGA and GEO cancer
databases it would be important to provide references or links for the TCGA and GEO cancer databases.

We have built on previous knowledge of TTF1 and EGFR in brain metastases of lung cancer [2, 7, 8]. We
performed extensive literature searches, given preliminarily evidence that GBP4 could be used as a key
regulatory protein of HCMV infection in brain metastases of lung cancer. As a control, we have
investigated the expression of a total of �ve target proteins including IE, GBP4 and CXCR4, along with
other 14 proteins reported in molecular pathology routines, in �ve cases of brain metastases of lung
cancer and primary tumors using immunohistochemistry techniques. Statistics were performed on
immune complex average optical density (AOD) values. The �ndings reported here could provide new
insights for developing new strategies for target molecular therapy research in brain metastases of lung
cancer in the context of HCMV infection.

Materials And Methods

Materials
Five cases of brain metastases of lung cancer who underwent intracranial tumor resection in our
department between Jan, 2018 and Dec, 2019 and whose diagnosis had been con�rmed by conventional
pathology were selected. We have also included two cases of lung primary tumors, that had been
previously embedded in para�n wax after resection. Immunohistochemical staining using antibodies for
IE and CXCR4 (Santa Cruz, USA), for GBP4 (Shanghai Shenggong), for TTF1 (Guangzhou Anbiping) and
for EGFR (Guangzhou Anbiping) was performed simultaneously, as described below. A microtome (Leica,
Germany) and an optical microscope (Olympus, Japan) were used for tissue sectioning and imaging.

H&E And Immunohistochemical Staining Of Para�n
Sections
All specimens were �xed with 3.7% neutral buffered formaldehyde solution, routinely dehydrated,
embedded in para�n and sectioned at a thickness of 4 µm. Hematoxylin and eosin (H&E) and
immunohistochemical staining was performed. The antibody concentrations were as follows: CXCR4
(1:200), GBP4 (1:300) and IE (1:200). TTF1 (ready-to-use) and EGFR (ready-to-use) were detected by a
fully automatic immunohistochemistry detector (Leica, Germany). The staining protocol followed the
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manufacturer’s instructions. A positive control and phosphate buffered saline (PBS) negative control were
performed in same tissue section.

Analysis of average optical density (AOD) of Immune complexes

Para�n sections were stained by immunohistochemistry and directly observed under a light microscope
at 400X magni�cation. Immune complexes were identi�ed by their dark brown color. Three �elds of view
were randomly selected from each section. Images were captured by [author please describe how images
were taken] and ImageJ software [author: please indicate the version used] was used to calculate the
AOD of the dark brown (positive) immune complexes in each image. To analyze differences in the
expression of marker molecules we have perform a t-test on the AOD results using the SPSS 22.0
statistical analysis software. We considered a statistically signi�cant difference at a P < 0.05value. We
used the GraphPad Prism7 software to draw the AOD columns �gures (see Figs. 3 and 5).

Results

Conventional pathology
To characterize the histological cancer type, H&E stained sections were visualized using the light
microscope. Out of the �ve brain metastases cases, four cases were adenocarcinoma (including two
cases of poorly differentiated adenocarcinoma) and one case was of small cell lung carcinoma. In two of
these cases we were able to trace back the pathology of lung primary tumor (lung adenocarcinoma and
mixed cancer). Mixed cancers are mainly characterized by the presence of glandular cells and small
round cells, which tend to be distributed in different areas, as shown in Fig. 1G.

Molecular Pathology
As part of routine molecular diagnosis, the pathology department of our hospital reports protein
expressions in specimens of brain metastases of lung cancer to clinicians. These data are listed in
Table 1. Additionally, in order to investigate the levels of expression of �ve target proteins (IE, GBP4,
CXCR4, TTF1 and EGFR) by means of intensity, we have not only performed the layered markings in
Table 1, but we have also performed imaging, and compared AOD values using (see Figs. 2–5).

As shown in Table 1, Fig. 2 and Fig. 4, out of the �ve proteins, only GBP4 protein was highly expressed in
both primary tumors and metastases. TTF1 was also highly expressed in Case No. 1–4, but no obvious
expression was detected in Case No. 5. As shown in Fig. 3, although GBP4 and TTF1 were both highly
expressed, there were differences in their levels of expression. These differences may be attributed to the
different pathologies of the tumors. For example, Case No.1 is small cell lung cancer, while Case No.2 is
non-small cell lung carcinoma. We have found that CXCR4 is expressed to various degrees in all cases,
however, although its expression is noticeably regional. EGFR was only moderately or highly expressed in
some brain metastases (Cases No. 1 and 5), but, at least based on the cases we analyzed, its expression
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levels in the primary tumor seem lower. Although the IE protein was expressed in metastases in our
samples, its expression was of low intensity. Based on a qualitative evaluation under the microscopy,
along with quantitative data based on statistics (by pairwise comparison) performed on AOD values, the
expression intensity of the �ve analyzed target proteins on four samples of lung primary tumors and
brain metastases, was a following: in Case No. 1, GBP4 (P = 0.016), EGRF (P < 0.001); in Case No. 2, IE (P 
< 0.001), CXCR4 (P = 0.005), EGFR (P = 0.023), TTF1 (P = 0.004); These differences are statistically
signi�cant, especially in the cases of GBP4, EGFR and TTF1 proteins (see Figs. 3 and 5).

It is known that IE protein is expressed within a few minutes after HCMV infection [author: please include
a reference here]. Regardless of whether it is expressed in brain metastases or the primary lung tumor, or
whether it is caused by HCMV infection, it is important to note that most of the cells are not just infected,
and that only replicating cells that have just been infected by the new generation of HCMV may be
positive. The results we obtained in this study are consistent with these observations. The immune
complexes present in cells recently infected by HCMV are of granular nature and are located in the
cytoplasm of the cell, suggesting that the virus broke the membrane and entered the cell, as shown in
Case No. 2 and 3 in Fig. 6. As for the EGFR protein, Song [7] described its characteristics in R language in
the immune microenvironment of the brain metastases of lung cancer. We found that mutant EGFR
protein tends to cluster together in the brain, in a pattern that is different from the one resulting from the
up regulation of various immune-related pathways of brain metastases. No up-regulation was seen in the
primary tumors. These results are consistent with the ones reported in previous studies [7] (see Fig. 7).

Discussion
Based on our literature search performed in PubMed, the �rst reports on brain metastases of lung cancer
date back to 1981. Since 2014, 20–30 studies have been published every year. It is important to conduct
in-depth research in this largely unexplored �eld. Youse� et al. [9] claimed that targeted therapy was most
necessary, unfortunately, however, the lack of understanding of the molecular mechanisms underlying
brain metastases has hampered the development of this area of research. It is well recognized that lung
cancer preferentially metastasizes to the brain, where it interacts with other molecules present within the
tissue microenvironment to form a complex biological network that supports the survival and
proliferation of cancer cells [10]. CXCL12 and its receptor CXCR4 have long been the target of research of
brain metastases of lung cancer. Paratore et al. [11] reported that immune response of cavallo, CXCR4
and CXCL12 can help distinguish primary non-small cell lung cancer with or without brain metastases.
Along the same lines, Chen et al.[12] suggested that the high level of CXCR4 expression was related to
brain metastases of non-small cell lung cancer. However, the role of TTF1, which was previously
considered to be a speci�c marker of brain metastases of lung cancer, remains controversial. Unal et al.
[13] claimed that although TTF1 was highly expressed in of brain metastases of lung cancer, it is also
expressed in primary gliomas. Therefore, its speci�city brain metastases of lung cancer are questionable.
In our study, except for Case No. 5, TTF1 was highly expressed in both the primary tumor and
metastases.
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So far, EGFR-related research [7] has mainly discussed the issue of tumor immunity, and has not yet
explored the relationship between cancer and HCMV infection. In this study, we aimed to further our
understanding of the links between brain metastases and HCMV infection. Although preliminary, our
results suggest a potentially important effect resulting from the combination of IE and GBP4 protein
expressions.

To the best of our knowledge, no relevant reports on the role of GBP4 in brain metastases of lung cancer
have been reported. However, it is known that GBP4 is a GTPase protein induced by IFN-g and is essential
for the activation of in�ammasomes. It is also known that CXCL8 and LTB4 of the in�ammasome play a
role in the recruitment of neutrophils to the site of infection, where pathogens are then eliminated by
prostaglandin D2 [14]. The expression of tumor suppressing genes is affected in brain metastases,
nevertheless, in seven samples of the �ve cases of brain metastases of lung cancer reported in this study
we found high expression of the GBP4 protein. How to explain these �ndings is an important endeavor.
Xu et al. [15] reported that the high expression of GBP3 protein observed in glioma is involved in the
regulation of the malignant progression of glioma cells by activating p62. For this reason, it is worth
speculating whether, in the cases we have analyzed, brain metastases were facilitated by the action of
GBP4 through CXCR4.

With regards to the IE protein, it expression is commonly found in cancer patients infected with HCMV.
Halwachs et al. [16] reported that gene expression [author: gene expression of what? Please clarify which
genes/pathways] after HCMV infection occurs in a transient cascade, and includes three phases: major
immediate-early (MIE), early (E) and late (L) phases. Brie�y, after the virus envelope fuses with the plasma
membrane of the host cell, the enveloped virus particles are released into the cytoplasm, enter the nucleus
through the nuclear pore within a few minutes and release viral DNA triggering the different phases of
gene expression. Dooley et al. [17] reported that after HCMV infection, through the combined action of
chromatin remodeling and transcription factors, the genes expressed in the MIE phase play an important
regulatory role in the balance between latent infection and lytic infection. This molecular switch involves
the action of a large number of host and viral proteins. In addition to the host-encoded MIE site regulatory
factors, HCMV also encodes proteins such as UL138 [18] and US28 [19] during the incubation period, in
order to inhibit immune responses that results in MIE transcription. Currently, only a number of the
molecules involved in these processes are known, and our knowledge of this topic is still very limited. The
results of this study show that, overall, the levels of IE expression are low in all tested samples, although
there were also a few cells where the immune complexes were dark brown and granular, which is in line
with the high expression of viral DNA characteristics, as shown in Fig. 6. Hence, IE positive expression in
these few cells may be caused by HCMV infection in the MIE stage. The fact that the cases we analyzed
are in the late stage of brain metastases of lung cancer, and therefore most of the cells infected by HCMV
should be in the late stage of E and L, may be the explanation why only a few positive IE cells were
observed. As mentioned above, GBP4 protein may be a member of a large number of host and viral
proteins involved in these mechanisms. In the E and L phases after HCMV infection, a large amount of
HCMV is required to participate in DNA replication. Therefore, among the �ve proteins, the expression of
GBP4 is the strongest and the most extensive.
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Targeted therapy of brain cancer of lung metastases, including targeted therapy that inhibits EGFR, can
increase the median survival time to 12 months [20]. Using TKIs (EGFR-speci�c tyrosine kinase inhibitors)
to treat brain cancer of lung metastases with EGFR mutations can prolong the median survival time to
15–20 months, with a remission rate of 60%-100% [21]. Inhibitors include Erlotinib[22], Erbitux [23],
Ge�tinib [24] and mouse monoclonal (mab) 225 and 528 [25]. Unfortunately, drug resistance cases
following the above-mentioned target molecule treatment is a common occurrence. As suggested in
Table 1, Fig. 4 and Fig. 5, if patients with brain cancer of lung metastases are infected by HCMV, GBP4
inhibitors may be more effective given that GBP4 protein expression appear broader than EGFR
expression.

Research of the mechanisms underlying brain cancer of lung metastases is a hot topic of research that
remains largely unexplored. This study contributes to the existence knowledge in this area. The limitation
of this study is that the number of cases is too small and the detection indicators are single. Our �ndings
should be con�rmed in larger studies.
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immediate early gene
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phosphate buffered saline
H&E
Hematoxylin and eosin.
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Figure 1

H & E staining light microscopic (X400): A - E were brain metastases in cases 1 - 5, F and G were primary
lung lesions in cases 1 and 2, respectively, A (case 1) was adenocarcinoma; B (case 2) was small cell
carcinoma; C (case 3) was poorly differentiated adenocarcinoma; D (case 4) was papillary invasive
carcinoma; E (case 5) was adenocarcinoma; F and G were primary lung lesions, which were
adenocarcinoma and mixed carcinoma respectively (G, adenocarcinoma on the white line, while small
cell carcinoma below it which is labeled arti�cially)
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Figure 2

The immunohistochemical light microscopic of �ve target proteins (× 400) from primary foci (LCA) and
metastatic foci (BMLC) of case 1 and case 2, respectively. Primary foci of case 1 in the �rst line (lung),
and metastatic foci of case1 in the second line (brain); primary foci of case 2 in the third line (lung),
metastatic foci of case 2 in the fourth line (brain). According to the depth of immune complex staining in
different parts of the same case, the difference between primary lesions and metastatic lesions was
evaluated by the conversion of mean optical density (AOD) (P < 0.05). The statistical results of AOD are
shown in Figure 3.
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Figure 3

Comparison of VOD values of �ve target proteins in case 1 and case2 about primary and metastatic
lesions: in case1, the differences of GBP4 and EGFR was signi�cant (P < 0.05); in case 2, the differences
of CXCR4, HCMV, EGFR and TTF1 were also signi�cant (P < 0.05). These differences are statistically
signi�cant, especially in the cases of GBP4, EGFR and TTF1 proteins. *p <0.05, **p <0.01, ***p <0.001.
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Figure 4

The immunohistochemical light microscopic of �ve target genes expression in brain metastases (× 400):
the expression intensity was evaluated by the depth of immune complex staining. The statistics of
average optical density (AOD) is shown in Fig. 5.
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Figure 5

The average optical density (AOD) of HCMV, CXCR4, GBP4, TTF1 and EGFR in brain metastases. The
expressions of HCMV, CXCR4, TTF1 and EGFR were signi�cantly different in different metastatic foci,
while the expression of gbp4 was higher in all tissues, and the difference was smaller than the other four
proteins. *p <0.05, **p <0.01, ***p <0.001.
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Figure 6

Light microscopic observation of IE in brain metastases (× 1000): most of the dark brown immune
complexes with viral characteristic DNA particles were located in the cell membrane (A and B), a few in
the cytoplasm or along the blood vessels (C and D).
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Figure 7

Expression of EGFR in primary and metastatic lesions. A. Low expression in primary lung lesions(× 400);
B-D. Highly expression in metastatic lesions: positive cells gathered together (B(× 400)), immunocomplex
localization of cell membrane and intercellular matrix (C(× 400)), The stained cells vary in size and shape,
and some of them have multiple nuclei (D. (× 1000)).


