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Abstract: Background and aim: Colorectal cancer remains a leading cause of cancer-related
mortality, with growing interest in nanotechnology-driven immunotherapeutics. Gold nanoparticles
(AuNPs) offer a promising platform due to their biocompatibility, functional versatility, and
immunomodulatory potential. Carcinoembryonic antigen (CEA), highly expressed in colorectal
tumors, provides an ideal target for antigen-specific immune activation. The aim of this study was to
evaluate the immunogenicity, biodistribution and therapeutic efficacy of a CEA-functionalised gold
nanoparticle (CEA-AuNP) construct in a mouse model of colorectal cancer following oral
administration via a customised capsular delivery system Methods: An in vivo study was conducted
after a 30-day oral administration in BALB/c mice at escalating doses (5-50 mg/kg) of priorly
validated in vitro CEA-functionalized gold nanoparticles (CEA-AuNPs). Histological, hyperspectral,
and ELISA-based cytokine analyses were performed to assess tissue integrity, biodistribution, and
immune responses. Results: CEA-AuNPs demonstrated high biocompatibility and effective
macrophage internalization, inducing IL-10-dominant immune responses in the spleen and
controlled pro-inflammatory cytokine shifts in the liver. Histological findings confirmed dose-
dependent splenic and hepatic accumulation without systemic toxicity. Multifocal splenic
amyloidosis and extramedullary hepatic hematopoiesis were noted at high doses, consistent with
sustained immune activation. Conclusions: CEA-functionalized AuNPs represent a promising
nanovaccine candidate for colorectal cancer prophylaxis. The construct induced tissue-specific
immune responses, favoring cellular immunity and antigen processing without significant toxicity.
These results support further investigation into CEA-AuNP nanoconstructs as oral
immunotherapeutics in cancer prevention.

Keywords: nanoparticle; colorectal cancer; vaccine; carcinembrionic antigen (CEA); gold-
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1. Introduction

Colorectal cancer remains one of the most prevalent and deadly malignancies worldwide, with
limited success from conventional treatment modalities such as surgery, chemotherapy, radiotherapy
and emerging immunotherapies [1]. While often effective in early-stage disease, these therapies are
often associated with significant limitations, such as adverse effects, limited efficacy in metastatic
disease, and tumor immune evasion [2]. Consequently, the development of innovative strategies
capable of inducing a potent, tumor-specific immune response has become a major focus of
contemporary oncological research [3].

Cancer immunoprophylaxis, including the use of therapeutic or preventive vaccines, has
emerged as a promising alternative capable of engaging the host immune system to recognize and
eliminate neoplastic cells [4]. Tumor-associated antigens (TAAs) represent the molecular basis for
these approaches, with carcinoembryonic antigen (CEA) being a particularly attractive target [5].
CEA is a glycoprotein overexpressed in a wide range of epithelial malignancies, including colorectal
cancer, while showing restricted expression in normal adult tissues [6]. This expression profile,
combined with its immunogenic properties, supports the rationale for CEA-based vaccination
platforms aimed at both treatment and disease prevention.

However, effective antigen delivery remains a major challenge in the development of cancer
vaccines. Traditional formulations are often limited by rapid antigen degradation, inefficient uptake
by antigen-presenting cells (APCs), and insufficient trafficking to secondary lymphoid organs,
resulting in suboptimal immune activation [7]. Addressing these limitations requires innovative
delivery systems that preserve antigen structure, enhance cellular internalization, and sustain
immunostimulatory signaling.

Nanotechnology offers a compelling solution, with gold nanoparticles (AuNPs) standing out as
highly versatile carriers for vaccine design . AuNPs possess a favorable safety profile, tunable size
and surface chemistry, and unique optical properties that allow for functionalization with a wide
range of biomolecules [8]. When conjugated with tumor antigens such as CEA, these nanoconstructs
can improve antigen stability, facilitate multivalent presentation to immune cells, and enhance the
magnitude and duration of the immune response [9]. Moreover, their compatibility with oral delivery
systems may enable mucosal priming and systemic immunity, offering a minimally invasive strategy
for cancer prevention [10].

The aim of this study was to evaluate the translational potential of a CEA-functionalized gold
nanoparticle (CEA-AuNP) platform for oral cancer immunoprophylaxis. Specifically, we sought to
characterize the in vivo safety profile, biodistribution, and immunomodulatory effects of orally
administered CEA-AuNPs in a murine model. Building on prior in vitro validation of antigen
loading, cytocompatibility, and macrophage uptake, this investigation focuses on the immunological
impact within key organs such as the spleen and liver. The study further assesses cytokine
modulation and histological changes associated with nanoparticle exposure, establishing the
foundation for future therapeutic development against colorectal cancer.

2. Materials and Methods

CEA-functionalized gold nanoparticles (CEA-AuNPs) were synthesized via citrate reduction
and peptide conjugation, followed by physicochemical characterization using UV-Vis spectroscopy
and dynamic light scattering (DLS), as previously described (unpublished data). Prior in vitro
assessments confirmed high cytocompatibility and efficient macrophage internalization, supporting
progression to in vivo evaluation.

Study Design for In Vivo Experiments

A subacute toxicity and biodistribution study was conducted on 30 laboratory mice divided into
five groups (n =6 per group). Animals received daily oral administration of CEA-AuNP formulations
by gavage for 30 consecutive days, Phosphate-Buffered Saline (PBS) for the control group, and
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escalating doses of 5 mg, 10 mg, 20 mg, and 50 mg/kg /day for the test groups. Nanoparticle
suspensions were freshly prepared from a stock solution at 50 ug/mL prior to each administration.
All procedures were approved by the Veterinary Sanitary Directorate of Cluj County (Approval No.
287/19.01.2022).

Tissue Collection and Processing

Following euthanasia, tissues including liver, spleen, mesenteric lymph nodes, and small
intestine were immediately collected for histological and optical analyses. For detailed comparative
evaluation, samples from the control group and the highest-dose group were prioritized.

Histopathological Evaluation

Collected tissues were fixed in 10% neutral-buffered formalin, processed using standard
paraffin-embedding protocols, and sectioned at 5um thickness. Sections were stained with
hematoxylin and eosin (H&E) for general histological evaluation, and Congo red for amyloid
detection, with and without potassium permanganate (KMnO,) pretreatment according to Prophet
etal [11].

Hyperspectral Dark-Field Microscopy

Biodistribution of CEA-AuNPs was assessed using hyperspectral dark-field microscopy. Optical
images and spectral data were acquired using a CytoViva hyperspectral imaging system (CytoViva
Inc., Auburn, USA) mounted on an Olympus BX43 light microscope equipped with an automated x-
y motorized stage. Images were captured using a DageXL camera and processed with Exponent 7
and ENVI 4.8 software for spectral mapping of gold nanoparticle accumulation.

Biochemical and Immunological Analysis

To validate the immunological impact of CEA-AuNP exposure, cytokine levels were quantified
in serum and organ homogenates (spleen and liver) using commercially available ELISA kits (Elab
Biosciences) according to the manufacturer’s protocols. The cytokines measured included
Interleukin-13 (IL-1B), Interleukin-4 (IL-4), Interleukin-10 (IL-10), Interleukin-12 (IL-12), Tumor
necrosis factor-a (TNF-a), and Interferon-y (IFN-v), selected to evaluate both pro-inflammatory and
anti-inflammatory responses.

3. Results

The results presented below derive from a sub-acute toxicity study in a murine model (n=30) in
which CEA-AuNPs were administered orally, daily for 30 days, in single doses ranging from 5 to 50
mg/kg. The analysis focused on the evaluation of histopathologic changes, tissue distribution and
immunologic response associated with sustained administration of the test compound.

The experimental groups were systematically organized, with each cohort receiving a specific
treatment regimen as outlined in Table 1. The dosages were calibrated according to the assigned
group, ensuring a controlled and reproducible exposure protocol.

Table 1. The composition of the experimental groups.

Group Treatment Dose

Group 1, n=6 CEA-AuNPs in PBS 50 mg/kg
Group 2, n=6 CEA-AuNPs in PBS 20 mg/kg
Group 3, n=6 CEA-AuNPs in PBS 10 mg/kg
Group 4, n=6 CEA-AuNPs in PBS 5 mg/kg

Control Group, n=6 PBS (vehicle control) 0 mg/kg

d0i:10.20944/preprints202505.0488.v1
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3.1. Macroscopic Findings

Administration of CEA-AuNPs at subacute doses over a 30-day period to the 30 laboratory mice
revealed dose-dependent macroscopic alterations, most notably in the spleen. A marked
splenomegaly was observed in the group receiving the highest dose (50 mg/kg/day), with spleen
length measurements reaching 31.25 mm compared to 20.78 mm in the control group (administered
PBS only), indicating significant organ enlargement associated with high-concentration exposure.

3.2. Histopathological Findings

Low-dose groups (5-10 mg/kg): Hematoxylin-eosin staining revealed no significant tissue
alterations in the myocardium, stomach, lungs, kidneys, or other major organs including the spleen,
liver, adrenal glands, and cerebral cortex (Figure 1A-E). This indicates a favorable biocompatibility
profile at low concentrations.

Figure 1A. 10 mg AuNP/kg/day. Left: Spleen — no significant changes (HE ob x10) . Right: cerebral cortex, no
significant changes (HE ob x20).

Figure 1B. 10 mg AuNP/kg/day. Myocardium: no significant changes. HE, obj x20 (left image), HE, obj x40 (right
image).

Figure 1C. Stomach (transition area between fermentative and glandular segments): no significant changes. Rare

yeast cells present in the superficial gastric mucosa. HE, obj x10 (left image), HE, obj x40 (right image).
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Figure 1D. 10 mg AuNP/kg/day. Left: Lung: no significant changes. HE, obj x10. Right: Renal cortex: no
significant changes. HE, obj x10.

Figure 1E. 10 mg AuNP/kg/day. Left: Liver: no significant changes. HE, obj x10. Right: Adrenal gland: no
significant changes. HE, obj x10.

At the intermediate exposure level (20 mg/kg), histological examination revealed no significant
structural abnormalities in the heart, stomach, or brain, suggesting minimal off-target effects in these
organs (Figure 2A-C). Nonetheless, distinct histopathological features were observed in select tissues.
In the renal cortex granular brown deposits were observed, likely representing transit or partial
retention of administered material within tubular structures.

(a) (b)

Figure 2A. Histological Analysis — 20 mg CEA-AuNP/kg/day. (a) Myocardium: no changes. HE, obj x20 . (b)
Stomach (glandular-fermentative transition zone): no changes. HE, obj x4.
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Figure 2B. Histological Analysis — 20 mg CEA-AuNP/kg/day. Left: Renal cortex — multifocal, basophilic renal
epithelial cells with brown granular appearance (possible lipofuscin). HE, obj x40. Right: Brain (cortex) — no
significant changes. HE, obj x20.

Figure 2C. Histological Analysis — 20 mg CEA-AuNP/kg/day. Left: Liver: no significant changes. Foci of
extramedullary changes HE, obj x20. Right: Spleen, no significant changes. Foci of extramedullary (regular)
hematopoiesis of the erythroid and myeloid lines, in mixture with megakaryocytes, HE, ob x 20.

Identification of focal extramedullary hematopoiesis in the liver may be indicative of
compensatory hematologic activity. The splenic tissues demonstrated physiologic hematopoietic
activity along both erythroid and myeloid lineages, with interspersed megakaryocytes, consistent
with an active yet unperturbed hematopoietic microenvironment.

At the highest administered dose (50 mg/kg), histological evaluation revealed no detectable
tissue damage in the brain, kidney, stomach, or intestinal mucosa, indicating a favorable safety profile
in these organs (Figure 3A-E) . However, notable histopathological alterations were observed in
specific reticuloendothelial tissues: in the liver evidence of focal hepatocellular alterations,
accompanied by mild periportal inflammatory infiltration, suggestive of early hepatic stress or
immune activation. In the spleen, multifocal amyloid deposits were predominantly localized in the
red pulp and marginal zones.
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Figure 3A. Histological Analysis — 50 mg CEA-AuNP/kg/day. Left: Myocardium: no significant changes. HE,
obj x20. Right: Lung: no significant changes. HE, obj x20.

Figure 3B. Histological Analysis — 50 mg CEA-AuNP/kg/day. Spleen: multifocal amyloidosis, predominantly in
the perifollicular areas, with moderate compression atrophy of the peripheral zonal tissue. HE, obj x10 (left) and
x40. (right).

Figure 3C. Histological Analysis — 50 mg CEA-AuNP/kg/day. Liver: hepatic amyloidosis, accumulation of
eosinophilic extracellular material in the space of Disse, with moderate compression atrophy of the parenchyma.
HE, obj x40.

Figure 3D. Histological Analysis — 50 mg CEA-AuNP/kg/day. Left: Stomach (transition zone glandular to
fermentative stomach): no significant changes.HE. ob x 10. Right: Intestine: no significant changes. HE, ob x 20.
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Figure 3E. Histological Analysis — 50 mg CEA-AuNP/kg/day. Left: Cerebral cortex, no significant changes. HE,
ob x 20. Right: Renal cortex: no significant changes. HE, ob x 10.

These features are consistent with chronic immune stimulation, potentially reflecting the
spleen’s role in nanoparticle clearance and immune modulation. These findings highlight a tissue-
specific response to high-dose exposure, with pronounced effects in organs involved in immune
processing and detoxification.

3.3. Hyperspectral Dark-Field Microscopy

Hyperspectral dark-field microscopy enabled high-resolution spectral mapping of gold-based
nanomaterials across multiple tissue types. Characteristic white light reflectance signatures,
attributable to the optical properties of the nanoparticles, were detected with varying intensities
depending on organ type and dosage.

Nanoparticle-associated spectral signals were prominently detected in the spleen (Figure 4),
indicating substantial nanoparticle accumulation. This accumulation was consistent with prior in
vitro internalization patterns (unpublished data).

Figure 4. Hyperspectral microscopy images (Cytoviva) from the splenic level. Left: Control. Center: 5 mg CEA-
AuNP/kg/day. Right: numerous white light reflectance spots are observed for the 50 mg CEA-AuNP/kG
body/day batch.

Moderate presence in the liver (Figure 5) and myocardium, suggests partial uptake. CEA-AuNPs
presence was minimal to undetectable in the kidneys, lungs, and cortical brain tissue, implying
limited or no nanoparticle retention in these regions. Quantitative analysis demonstrated a dose-
dependent relationship between signal intensity and nanoparticle accumulation, reinforcing the
biodistribution profile inferred from organ-specific reflectance patterns.


https://doi.org/10.20944/preprints202505.0488.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 May 2025

Figure 5. Hyperspectral microscopy images (Cytoviva) of the liver. Left: Control. Center: 5 mg CEA-
AuNP/kg/day. Right: numerous white light reflectance spots are observed for the 50 mg CEA-AuNP/kG
body/day batch.

3.4. Biochemical and Immunological Analysis

Cytokine profile analysis revealed organ-specific immune modulation following 30 days of CEA-
AuNP administration, with distinct patterns emerging between lymphoid and parenchymal tissues.
In the spleen, analysis demonstrated a predominantly anti-inflammatory response, characterized by
a significant elevation of IL-10 levels relative to IL-12. This cytokine shift suggests macrophage
activation and a cell-mediated immunological polarization, consistent with an immunostimulatory
effect potentially supportive of a vaccine-like antitumoral response (Figure 6).
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Figure 6. Splenic cytokine expression following CEA-AuNP administration at increasing doses. Notable
trends include a dose-dependent increase in IL-10 levels, suggesting anti-inflammatory and immunomodulatory
effects. IL-4 levels decreased at intermediate doses but rose sharply at 50 mg/kg. IL-12 peaked at 5 mg/kg and

declined at higher doses, indicating a shift in immune activation balance. Pro-inflammatory markers IL-13 and
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TNF-a showed variable responses, while IFN-y increased progressively with dose. These profiles support a

dynamic immunological response modulated by nanoparticle dosage.

In contrast, the hepatic cytokine profile exhibited a more pro-inflammatory tendency, particularly at higher
nanoparticle doses. Although both IL-10 and IL-12 levels were elevated, the absence of IL-10 predominance, as
observed in the spleen, indicated a more balanced pro- and anti-inflammatory environment. Additionally,
sporadic increases in TNF-a and IL-1p levels were noted, suggesting localized immune activation and early
signs of hepatic functional stress. (Figure 7) These alterations were dose-dependent, with the most pronounced

effects occurring in the 50 mg/kg group.
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Figure 7. Hepatic cytokine expression following CEA-AuNP administration at increasing doses. IL-10 levels
remained elevated across all doses, peaking at 10 mg/kg, indicating sustained anti-inflammatory signaling. IL-4
expression decreased at intermediate doses but rebounded by 50 mg/kg. IL-12 and IL-1(3 levels declined at 20
and 50 mg/kg, suggesting suppression of some pro-inflammatory pathways. In contrast, TNF-a exhibited a
strong dose-dependent increase, with the highest expression at 50 mg/kg. IFN-y responses were variable, with
a transient spike at 5mg/kg. These hepatic cytokine dynamics suggest a more balanced or mildly pro-
inflammatory immune profile, particularly at higher doses, potentially reflecting localized immune activation

associated with hepatic nanoparticle processing.

Collectively, these findings indicate that CEA-AuNP exposure leads to targeted immune
activation within the spleen, conducive to an antitumoral nanovaccine effect, while maintaining
controlled inflammatory responses within the liver at higher concentrations without evidence of
systemic toxicity. Moreover, the results confirm a dose-dependent biodistribution profile and
associated histological changes, particularly within reticuloendothelial tissues. A summary of
cytokine modulation is presented in Table 2.
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Table 2. Summary of Cytokine Profile Changes.
Organ Cytokine Observed Dose Interpretation
Change Dependency
Spleen IL-10 Increased Dose-dependent ~ Anti-
significantly vs inflammatory
IL-12 activation (M2-
like)
Spleen IL-12 Mild increase Present butless  Balanced Thl
pronounced response
Liver IL-10 Increased Moderate at Partial anti-
higher doses inflammatory
response
Liver IL-12 Increased Parallel to IL-10  Mixed immune
activation
Liver TNF-a Sporadic increase Most evidentat ~ Early signs of
50 mg/kg hepatic immune
stress
Liver IL-1B Sporadic increase Not consistent at  Localized
lower doses inflammatory
activation

4. Discussion

The present in vivo study evaluated the safety, biodistribution, and immunological impact of
CEA-AuNPs administered subacutely over 30 days in a murine model. Key findings include dose-
dependent histological changes, splenic immune activation, and limited organ toxicity, suggesting a
favorable immunostimulatory profile for potential vaccine development. Building upon these in vivo
observations, the Discussion considers how prior preclinical validations and the present findings
collectively support the immunological potential and biocompatibility of the CEA-AuNP
nanovaccine platform.

Prior to in vivo testing, the CEA-AuNP nanoconstruct underwent extensive physicochemical
and biological validation to ensure its suitability as a nanovaccine candidate (unpublished data). The
successful synthesis and functionalization of gold nanoparticles (AuNPs) with CEA-derived
peptides, confirmed through UV-Vis spectroscopy and dynamic light scattering (DLS) analyses,
established a stable, monodisperse nanoplatform with favorable physicochemical properties [12,13].
These biophysical characteristics —specifically the plasmonic peak at 522 nm, post-functionalization
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hydrodynamic size of approximately 80 nm, and retention of colloidal stability —are consistent with
literature describing effective peptide conjugation to metallic nanoparticles [14,15].

In vitro validation further confirmed the biocompatibility and functional capacity of the CEA-
AuNP construct. Cell viability remained above 85% even at the highest tested dose (50 pug/mL), with
a modest, dose-dependent decline likely reflecting adaptive cellular responses rather than toxicity
[16,17]. The observed upregulation of caspase-3 activity suggested a controlled apoptotic response, a
phenomenon beneficial in enhancing antigen presentation by macrophages [18]. Additionally,
effective cellular internalization and perinuclear localization of the nanoconjugates were consistent
with antigen trafficking toward proteasomal pathways essential for MHC-mediated immune
activation [19].

Following this preclinical validation, the in vivo administration of CEA-AuNPs revealed
consistent and promising immunological effects, particularly in splenic architecture, cytokine
modulation, and systemic safety. The logical progression from in vitro validation to in vivo efficacy
strengthens the translational relevance of the CEA-AuNP nanoconstruct. These in vivo findings
provide important confirmation that the physicochemical integrity and immunological function
observed in vitro are retained and effectively translated into a living system, supporting further
development of the platform for cancer immunoprophylaxis.

The spleen exhibited the most pronounced response, both morphologically and functionally.
Significant splenomegaly and histological alterations—such as lymphoid hyperplasia, active
hematopoiesis, and the presence of megakaryocytes—were particularly evident in animals treated
with intermediate and high doses of CEA-AuNDPs. These changes indicate stimulation of both innate
and adaptive immune compartments, consistent with an active immunological response to the
nanoconstructs and CEA antigen exposure [20].

One of the notable histological findings was the development of splenic amyloidosis in the group
exposed to the highest dose (50 mg/kg). Amyloidosis is characterized by extracellular deposition of
amorphous proteinaceous material in multiple tissues, particularly within the red pulp and marginal
zones of the spleen, as observed here. In murine models, inflammation-induced amyloidosis is
predominantly mediated by serum amyloid A (SAA), an acute-phase reactant produced during
systemic inflammatory responses [21]. Given the relatively young age of the experimental mice, the
observed amyloid deposits are likely secondary to sustained immune activation triggered by
prolonged nanoparticle exposure, rather than senile amyloidosis [22].

The detection of extramedullary hematopoiesis in both the spleen and liver at intermediate and
high doses further supports systemic hematologic adaptation, possibly reflecting increased demands
for immune cell production [23]. According to the literature, such reactive changes are non-neoplastic
and occur in response to persistent immune stimulation [24,25].

Despite these histological changes, no overt tissue damage was detected in renal, pulmonary, or
cerebral tissues across all groups. Minor findings, such as brown granular deposits in the renal cortex
at intermediate doses, were isolated and did not indicate significant organ impairment.
Hyperspectral imaging confirmed that gold nanoparticle accumulation was primarily localized to the
spleen and liver, with lower presence in the heart and negligible accumulation in the kidneys and
brain, consistent with the known biodistribution of nanoparticles favoring reticuloendothelial system
[26,27].

This biodistribution pattern, coupled with the absence of major tissue damage, prompted a
deeper evaluation of the immunological microenvironment through cytokine profiling. Cytokine
analysis revealed a marked upregulation of IL-10 compared to IL-12 in the spleen, particularly at
higher doses, suggesting a shift toward a regulatory macrophage phenotype (M2-like) and an anti-
inflammatory immune environment [28]. Although IL-10 is often associated with immune tolerance,
in the context of vaccine platforms, controlled IL-10 elevation may enhance antigen presentation and
limit excessive inflammation, possibly leading to effective T-cell activation [9,29].

Similar trends were observed in hepatic tissue, where a slight increase in pro-inflammatory
cytokines (TNF-a, IL-1P) was noted at higher doses. However, these effects were mild and sporadic,
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and the balanced IL-10/IL-12 ratio in the liver suggests organ-specific immunomodulation rather than
overt toxicity [30].

The efficient localization of nanoparticles within macrophage-rich organs and the associated
cytokine profiles align with prior studies on nanoparticle-based vaccine platforms, where gold
nanoparticles facilitated enhanced antigen uptake and promoted robust cellular immune responses
[10,31,32].

Taken together, the findings support the relative biocompatibility and immunogenic potential
of CEA-AuNPs when administered at low and intermediate doses. The observed splenic immune
activation, without evidence of systemic toxicity at these doses, highlights the promise of these
nanoconstructs as carriers for tumor-associated antigens. Such platforms could improve antigen
delivery, processing, and presentation, ultimately stimulating cytotoxic T-cell responses against
CEA-expressing malignancies, including colorectal, pancreatic, and lung carcinomas [6,33,34].

The development of amyloidosis at high doses emphasizes the need for careful dose
optimization in future applications. Further studies in tumor-bearing models are necessary to
validate these findings, assess long-term efficacy and immunological memory, and explore potential
synergy with immune checkpoint inhibitors [35]. Additionally, mechanistic investigations into
antigen cross-presentation pathways (e.g., via MHC class I) will be critical for advancing translational
development.

5. Conclusions

This present study demonstrates that CEA-functionalized gold nanoparticles exhibit favorable
biodistribution, immunogenic activation, and a strong safety profile at low to intermediate doses in
vivo. These findings, supported by prior in vitro validation, highlight the potential of CEA-AuNPs
as a promising nanovaccine platform for colorectal cancer immunoprophylaxis. Further studies
focusing on therapeutic efficacy, dose optimization, and combination immunotherapy strategies are
warranted to advance this platform toward clinical translation.
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The following abbreviations are used in this manuscript:

AuNP Gold nanoparticle

CEA Carcinoembrionic Antigen
CEA-AuNP CEA functionalized gold nanoparticles
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